
COMBINATION VACCINE COMPRISING AN ATTENUATED BOVINE
VIRAL DIHARRHEA VIRUS  BACKGROUND OF THE INVENTION 5
TECHNICAL FIELD The present invention relates to the field of animal
health and in particular to combinantion vaccines which comprise an
attenuated bovine viral diarrhea virus (BVDV) and at least one further
immunological active component for treating or preventing diseases or
disorders in cattle caused by infectious agents. 10 BACKGROUND
INFORMATION Bovine viral diarrhea virus (BVDV) type I (BVDV-1) and
type 2 (BVDV-2) cause bovine viral diarrhea (BVD) and mucosal disease
(MD) in cattle (Baker, 1987; Moennig and Plagemann, 1992; Thiel et al.,
1996). The division of BVDV into 2 species is based on significant
differences at the 15 level of genomic sequences (summarized in Heinz et
al., 2000) which are also obvious from limited cross neutralizing antibody
reactions (Ridpath et al. 1994). The viral proteins of BVDV, and any other
virus of the pestivirus family, are arranged in the poly protein in the order
NH2-NP10-C-Em-ElE2-p7-NS2-NS3-NS4A-NS4B-NS5A-NS5B-COOH
(Lindenbach and Rice, 2001). Protein C core- or capsidprotein) and the
glycoproteins Ern, El and E2 represent structural components of the 20
BVDV. E and E2 were found to be targets for antibody neutralization
(Donis et al., 1988; Paton et al., 1992; van Rijn et al., 1993; Weiland et al.,
1990,1992) En" lacks a typical membrane anchor and is secreted in
considerable amounts from the infected cells; this protein has been
reported to exhibit RNase activity (Hoist et al., 1994; Schneider et al.,
1993; Windisch et al., 1996). The function of this enzymatic activity for the
viral life cycle is presently unknown. The enzymatic 25 activity depends on
the presence of two stretches of amino acids conserved between the
pestivirus Em i and different known RNases of plant and fungal origin.
Both of these conserved sequences contain a histidine residue (Schneider
et al, 1993). Exchange of each of these residues against lysine in the
EmB protein of a Classical Swine Fever Virus (CSFV) vaccine strain
resulted in the destruction of RNase activity (Hulst et al., 1998).
Introduction of these mutations into the genome 30 of the CSFV vaccine
strain did not influence viral viability or growth properties but led to a virus
exhibiting a cytopathogenic phenotype (Hulst et at, 1998). Similarly,
Meyers et al. showed that an RNase negative variant of the virulent CSFV
strain Alfort/Tubingen was fully viable. However, the respective virus
mutant showed no cytopathogenic phenotype (Meyers et al., 1999).  NP"
represents the first protein encoded by the long open reading frame in the
pestivirus RNA. Not represents a nonstructural protein that has protease
activity and cleaves itself of the nascent polyprotein (Stark et at, 1993;
Wiskerchen eta]., 1990 presumably already during translation. Mr'  5 is a
cysteine protease (Riimenapf et al., 1998) that is not essential for virus
replication (Tratscinn el al., 1998). Recently, it was shown that Nren
somehow interferes with the cellular antiviral defense so that it can be
hypothesized to modulate the immune system within an infected host
Witggli at al., 2003). Mayer and coworkers presented indications for an
attenuation of CSEV in consequence of a deletion of the NP gene (Mayer
et al., 2004). 10 Present BVDV vaccines for the prevention and treatment
of BVDV infections still have drawbacks (Oirschot at al. 1999). Vaccines
against the classical BVDV-I provide only partial protection from BVDV-2
infection, and vaccinated dams may produce calves that are persistently
infected with virulent BVDV-2 (Bolin et al., 1991. Ridpath et al., 1994).
This problem is probably due to the is great antigenic diversity between
type 1 and type 2 strains which is most pronounced in the glycoprotein E2,
the major antigen for virus neutralization (Tijssen et al., 1996). Most
monoclonal antibodies against type 1 strains fail to bind to type 2 viruses
(Ridpath et al., 1994). Currently, licensed BVDV MLV vaccines are
produced using attenuated viruses obtained via  20 repeated passage in
bovine or porcine cells (Coggins et al.,Comell Vet. 51: 539-, 1961; Philips
et al., Ant J. Vet. Res. 36: 135-, 1975), or using chemically modified
viruses which exhibit a temperature-sensitive phenotype (Lobmann et al,,
Am. J. Vet. Res. 45: 2498-, 1984; 47: 557- 561,1986). A single dose of
MLV vaccine is sufficient for immunization, and duration of the immunity
can last for years in vaccinated cattle. However, as these vaccines have
been developed  25 using type I BVDV virus strains, the protection is
against type 1 virus only. Moreover, these vaccines, although attenuated,
are most often associated with safety problems. The vaccine viruses may
cross the placenta of pregnant animals, e.g. cows and lead to clinical
manifestations in the fetus and/or the induction of persistently infected
calves. Therefore, they cannot be applied to breeding herds that contain
pregnant cows. Pregnant cows have to be kept separate from vaccinated
cattle to 30 protect fetuses and must not be vaccinated themselves.
Parainfluenzu-3 virus (P1-31 is an RNA virus classified in the
paramyxovirus family. Infections caused by P1-3 are common in cattle.
Although P1-3 is capable of causing disease, it is usually associated with
mild to subclinical infections. The most important role of P1-3 is to serve
as an 2  initiator that can lead to the development of secondary bacterial
pneumonia Clinical signs include pyrexia cough, serous nasal and lacrimal
discharge, increased respiratory rate, and increased breath sounds. The
seventy of' signs worsen with the onset of bacterial pneumonia. Fatalities
from uncomplicated PI-3 pneumonia are rare. Lesions include
cranioventral lung consolidation, 5bronchiolitis, and alveolitis with marked
congestion and hemorrhage. Inclusion bodies may be identified. Most fatal
cases will also have a concurrent bacterial bronchopneumonia. Bovine
Respiratory Syneytial Virus (BRSV) is an RNA virus classified as a
pneamovirus in the paramyxovirus family. In addition to cattle, sheep and
goats can also be infected by respiratory to syncytial viruses. This virus
was named for its characteristic cytopathic effect-the formation of syncytial
cells. Antigenic subtypes are known to exist for BRSV, and preliminary
evidence suggests that there may he antigenic subtypes of BRSV. BRSV
is distributed worldwide, and the virus is indigenous in the cattle
population. BRSV infections associated with respiratory disease occur
predominantly in young beef and dairy cattle. Passively derived immunity
does not appear to 15 prevent BRSV infections but will reduce the severity
of disease. Initial exposures to the virus are associated with severe
respiratory disease; subsequent exposures result in mild to subclinical
disease. BRSV appears to be an important virus in the bovine respiratory
disease complex because of its frequency of occurrence, predilection for
the lower respiratory tract, and its ability to predispose the respiratory tract
to secondary bacterial infection. In outbreaks, morbidity tends to be 20
high, and case fatality can be 0-20%. Signs include increased rectal
temperature 40-42C, depression, decreased feed intake, increased
respiratory rate, cough, and nasal and lacrimal discharge, Generally,
respiratory signs predominate, Dyspnea may become pronounced in the
later stages of the disease. Subcutaneous emphysema is sometimes
reported. Secondary bacterial pneumonia is a frequent occurrence. A
biphasic disease pattern has been described but is not 25 consistent,
Gross lesions include a diffuse interstitial pneumonia with subpleural and
interstitial emphysema along with interstitial edema, These lesions are
similar to and must be differentiated from other causes of interstitial
pneumonia See also atypical interstitial pneumonia. Histologic
examination reveals syncytial cells in bronchiolar epithelium and lung
parenchyma, intracytoplasmic inclusion bodies, proliferation and/or
degeneration of bronchiolar epithelium, 30 alveolar epithelialization,
edema, and hyaline membrane formation. Bovine Herpesvints (BHV-I) is
associated with several diseases and symptoms in cattle: Infectious
bovine rhinotracheitis (lBR), infectious pustular vulvovaginitis (IPV),
balanoposthilis, conjunctivitis, abortion, encephalomyelitis, and mastitis.
Only a single serotype of BHV-1 is 3  recognized; however, three
subtypes of BEIV-1 have been described on the basis of endonuclease
cleavage patterns of viral DNA. These types are referred to as Bl-IV-b1
(respiratory subtype), BHV-1,2 (genital subtype), and BHV-1.3
(encephalitic subtype). Recently, BHV- t.3 has been reclassified as a
distinct herpesvirm designated BUY-S. HIIV-I infections are widespread in
the 5 cattle population. In feedlot cattle, the respiratory form is most
common. The viral infection alone is not life-threatening but predisposes
cattle to secondary bacterial pneumonia, which may result in death. In
breeding cattle, abortion or genital infections are more common. Genital
infections can occur in bulls (infectious pustular balanoposthitis) and cows
(WV) within 1-3 days of mating or close contact with an infected animal.
Transmission can occur in the absence of visible lesions and to through
artificial insemination with semen from subclinically infected bulls. Cattle
with latent BHV-I infections generally show no clinical signs when the virus
is reactivated, but thez do serve as a source of infection for other
susceptible animals and thus perpetuate the disease. The incubation
period for the respiratory and genital forms is 2-6 days. In the respiratory
form, clinical signs range from mild to severe, depending on the presence
of secondary bacterial pneumonia 15 Clinical signs include pyrexia,
anorexia, coughing, excessive salivation, nasal discharge that progresses
from serous to mucopurulent, conjunctivitis with lacrimal discharge,
inflamed nares (hence the common name "red nose), and dyspnea if the
larynx becomes occluded with purulent material. Pustules may develop on
the nasal mucosa and later form diphtheritic plaques. Conjunctivitis with
comead opacity may develop as the only manifestation of infection. In 20
the absence of bacterial pneumonia, recovery generally occurs 4-5 days
after the onset of clinical signs. Abortions may occur concurrently with
respiratory disease but can also occur up to 100 days eller infection.
Abortions can occur regardless of the severity of disease in the dam.
Abortions generally occur during the second half of pregnancy, but early
embryonic death may also occur. The first signs of genital infections in
cows are frequent urination, elevation of the tailhead, and a 25 mild
vaginal discharge. The vulva is swollen, and small papules, then erosions
and ulcers, are present on the mucosa! surface. If secondary bacterial
infections do not occur, animals recover in 10-14 days, If bacterial
infection occurs, there may be inflammation of the uterus and transient
infertility, with purulent vaginal discharge for several weeks. In bulls,
similar lesions occur on the penis and prepuce. BHV-1 infection can be
severe in young calves and cause a generalized disease. 30 Pyrexia,
ocular and nasal discharges, respiratory distress, diarrhea, incoordination,
and eventually convulsions and death may occur in a short period after
generalized viral infection. IBR is rarely fatal in cattle unless complicated
by bacterial pneumonia In uncomplicated IBR infections, most lesions are
restricted to the upper respiratory tract and trachea. Petechial to
ecchymotic hemorrhages may be found in the mucous membranes of the
nasal cavity and the paranasal sinuses. Focal areas 4  of necrosis
develop in the nose, pharynx, larynx, and trachea The lesions may
coalesce to form plaques. The sinuses are often filled with a serous or
serofibrinous exudate. As the disease progresses, the pharynx becomes
covered with a serotibrinous exudate, and blood-tinged fluid may be found
in the trachea. The pharyngeal and pulmonary- lymph nodes may be
acutely swollen and  5 hemorrhagic. The tracheitis may extend into the
bronchi and bronchioles; when this occurs, epithelium is sloughed in the
airways. The viral lesions are often masked by secondary bacterial
infections. In young animals with generalized BHV-I infection, erosions
and ulcers overlaid with debris may be fotmd in the nose, esophagus, and
forestomachs. In addition, white foci may be found in the liver, kidney,
spleen, and lymph nodes. Aborted fetuses may have pale, focal, necrotic
lesions 10in all tissues, but which are especially visible in the liver. A
number of other Bovine Respiratory Viruses have been identified as being
involved in BR!). Bovine kerpesvirus4 has been implicated in several
diseases, including BR!). Bovine adenovirus has been associated with a
wide spectrum of diseases, with bovine adenovirus type 3 being the 15
serotype most often associated with BRO. Two serotypes of bovine
rhinovirus have been recognized to cause respiratory tract infections in
cattle. Other viruses reported to be associated with BR!) include bovine
reovirus, enterovirus, and eoronavirus, These viruses have a rote similar
to the other viruses previously discussed in that, in combination with other
stressors, they can serve as initiators of bacterial pneumonia. Bovine
COTOMIVIMS is also commonly associated with diarrhea  20 in calves. It
replicates in the epithelium of the upper respiratory tract and in the
enterocytes of the intestine, where it produces similar lesions to rotavims
but also infects the epithelial cells of the large intestine to produce atrophy
of the colonic ridges. Vaccines are not available for prevention of these
viral respiratory diseases. 25 Bovine rota vines is the most common viral
cause of diarrhea in calves. Group A and B rotavirus are involved, but
group A is the most prevalent and clinically important and contains several
serotypes of differing virulence. Rotavirus replicates in the mature
absorptive and enzyme-producing enterocytes on the villi of the small
intestine, leading to rupture and sloughing of the enterocytes with release
of virus to infect adjacent cells. Rotavirus does not infect the immature
cells of the  30 crypts. With virulent strains of rotavims, the loss of
enterocytes exceeds the ability of the intestinal crypts to replace them;
hence, vinous height is reduced, with a consequent decrease in intestinal
absorptive surface area and intestinal digestive enzyme activity. Other
viruses, including Breda virus, a calm ke virus, Adenovirus, Astrovirus and
Parvovirns, 5 



have been demonstrated in the feces of calves with diarrhea and can
produce diarrhea in calves experimentally. However, these agents can
also be demonstrated in the feces of healthy calves. The importance of
these agents in the syndrome of neonatal diarrhea has yet to be
determined. Mankehnia haentolytica (formerly Pasteurella haemolytica)
biotype A, serotype Is the bacterium 5 most frequently isolated from the
lungs of cattle with BRD. Although less frequently cultured than M
haemolytic, Pasteurella multocida is also an important cause of bacterial
pneumonia. When pulmonary abscessation occurs, generally in
association with chronic pneumonia, Actinonwees pyogenes is frequently
isolated. Under normal conditions, M. haemolytic remains confined to the
upper respiratory tract, in particular the tonsillar crypts, and is difficult to
culture from healthy to cattle. After stress or viral infection, the replication
rate of M. haemolytic in the upper respiratory tract increases rapidly, as
does the likelihood of culturing the bacterium. The increased bacterial
growth rate and colonization of the lungs may be due to suppression of
the host's defense mechanism related to environmental stressors or viral
infections. It is during this log phase of growth that virulence factors are
elaborated by M. haemolynca , such as an exotoxin that has been 15
referred to as leukotoxin. The interaction between the virulence factors of
the bacteria and host defenses results in tissue damage and development
of pneumonia. Clinical signs of bacterial pneumonia are often preceded by
signs of viral infection of the respiratory tract. With the onset of bacterial
pneumonia, the severity of clinical signs increases and are characterized
by depression and toxemia There will be pyrexia (4041C); serous to
mucopurulent nasal discharge; moist cough; 20 and a rapid, shallow
respiratory rate. Auscultation of the cranioventral lung field reveals
increased bronchial sounds, crackles, and wheezes. In severe cases,
pleurisy may develop, which is characterized by an irregular breathing
pattern and grunting on expiration, The animal will become unthrifty in
appearance if the pneumonia becomes chronic, which is usually
associated with the formation of pulmonary abscesses. M. haemolytic
cases a severe, acute fibrinous pneumonia or 25 fibrinonecrotic
pneumonia. The pneumonia has a bronchopneumonic pattern. Grossly,
there is extensive reddish black to grayish brown cranioventral regions of
consolidation with gelatinous thickening of interlobular septa and fibnnous
pleuritis. There are extensive thromboses, foci of lung necrosis, and
limited evidence of bronchitis and bronchiolitis. P. multocida is associated
with a less fulminating fibrinous to fibrinopuntlent bronchopneumonia. In
contrast to M haemolytic, P. 30 multocida is associated with only small
amounts of fibrin exudation, some thromboses, limited lung necrosis, and
suppurative bronchitis and bronchiolitis, floemophitus tetanus is being
increasingly recognized as an important pathogen in BRIO; these bacieria
are normal inhabitants of the nasopharynx of cattle. H. somnus infection of
the lungs 6  results in purulent bronchopneumonia that may be followed
by septicemia and infection of multiple organs_ Occasionally. H somnus is
associated with extensive pleuritis. H. somnus can cause an acute,
usually fatal, septicemic disease that can involve the nervous,
musculoskeletal, circulatory, and respiratory systems, either singly or
together. The reproductive system is often affected but 5 usually without
the other systems being clinically involved. The disease may be
characterized by fever, severe depression, ataxia, weakness, blindness,
coma, and death within several hours to several days_ It occurs
sporadically in individual beef and dairy cattle and is found nearly
worldwide. H somnus is a gram-negative, nonmoiile, nonsporefonning,
pleomorphic coccobacillus that requires an enriched medium and a
microaerophilic atmosphere for culture. It appears to be 10 identical to
Histopkilux ovis and Haemophilus agni, etiologic agents of ovine
septicemia, mastitis, and epididymitis; however, transmission of H somnus
between sheep and cattle has not been demonstrated. Pathogenic and
nonpathogenic strains have been differentiated by intracistemal
inoculation of young calves with organisms from various sources.
Pathogenic and nonpathogenic strains of H. somnus are carried in the
sheath and prepuce of males, the vagina of female cattle, and 15 in the
nasal passages of both sexes. The organism may colonize the respiratory
tract, presumably after inhalation, and is frequently found in urine.
Prevalence of the organism in cattle is probably high because high titers
of specific antibodies are found in a large proportion of tested cattle.
Several disease syndromes caused by H. somnus have been recognized,
including thrombomeningoencephalitis, fibrinopunilent bronchopneumonia,
fibrinous pleuritis, and 20 polyarthritis. Myocardial and skeletal muscle
necrosis occur. Suppurative vaginitis, cenicitis, and endometritis have
been documented in cows infected experimentally and naturally after
breeding, and the organism is a cause of sporadic abortion. Strains of H.
somnus that cause disease adhere to the endothelium of vessels,
resulting in contraction, exposure of collagen, platelet adhesion, and
thrombosis. TME results when this occurs in the brain and associated
membranes, after invasion of 25 the organism into the bloodstream of
susceptible cattle. Strains may adhere to endothelium in vessels of the
pleura, myocardium, synovitum, or a variety of other tissues and produce
inflammation in those sites (e.g., infections of the larynx and middle ear
have been recorded). "Me susceptibility of individual animals and
variations in the preference of strains of the organism for vessels in
different tissues may be important in the development of the form of'
disease, but the 30 mechanisms involved are incompletely understood.
Reproductive problems may not necessarily be preceded by baeteremia,
but the pathogenesis is poorly defined. A fever as high as 42C is often the
first sign of disease; however, this usually falls to normal or subnormal
within hours. Other findings are determined by the system(s) involved and
may include rapid respiration, stiffness, knuckling at the fetlocks, severe
depression, ataxia, paralysis, and opisthotonos, followed by coma and
death 7  within several hours. Affected animals may be blind, and retinal
hemorrhages with gray foci of retinal necrosis are sometimes seen. Signs
such as hypersensitivity, convulsions, excitement, nystagmus, and circling
occur inconsistently and may be related to the regions of the CNS affected
in the course of disease development Occasionally, animals are found
dead, indicating a rapidly 5 fatal course. A marked change in the total and
differential WBC count is coalmen; leukopenia and neutropenia occur in
severe, usually acute, fatal disease, while neutrophilia may be present in
less severe disease. In TME, the total cell count of the CSF is markedly
increased, and neutrophils predominate. During septicemia, the organism
can be recovered from blood, synovial fluid, CSF, brain, kidneys, urine,
and a variety of other organs. The lesions are characterized by vascular to
thrombosis and infarction of the surrounding tissue. Randomly distributed
red to brown foci of necrosis with hemorrhage on the surface and cut
sections of the brain and spinal cord, retina, skeletal muscle, myocardimn,
kidney, intestine, and spleen are characteristic. A fibrinopurulent
meningitis with cloudy CSF may sometimes be seen on the surface of the
brain and spinal cord, and a polyserositis, especially of joints and pleura,
may occur. An acute fibrinous bronchopneumonia 15with tissue necrosis
may develop after airborne infections. The exact role of mycoplasmas and
ureaplasmas in SRI) requires better definition. Mycoplasmas can be
recovered from the respiratory tract of nonpneumonic calves, but the
frequency of isolation is greater in those with respiratory tract disease.
The rnycoplasmas commonly recovered from the 20 lungs of pneumonic
calves include Mycoplasma dispar, Mycoplasma ho viz, and Ureaplasma
spp. Experimental infections usually result in inapparent to mild signs of
respiratory disease. This does not preclude a synergistic role for
mycopiasmas in conjunction with viruses and bacteria in SRI). Lesions
described include peribronchial and peribronchiolar lymphoid cuffing and
alveolins. Culture of these organisms requires special media and
conditions and may take up to a week for 25 growth of the organisms.
Chlatnydiae have been identified in various parts of the world as a cause
of enzootic pneumonia in calves. The causative agent is Chlamydia
psittaci . Some respiratory isolates from calves have properties of
irnmunotypes I and 6 and are similar to strains recovered from intestinal
infections 30 and abortions of cattle and sheep. Immunotype 6 has been
recovered from pneumonic lungs of calves and pigs. Thus, the GI tract
must be considered as an important site in the pathogenesis of chlamydial
infections and as a natural reservoir and source of the organisms.
Chlamydial pneumonia has affected calves under a whole range of
conditions as well as on dairy farms. A synergism between Chlamydia and
P. haemolytica has been demonstrated experimentally. Calves 8   with
chlamydial pneumonia are usually febrile, lethargic, and dyspneic, and
have a serous and later mucopurulent nasal discharge and a dry hacking
cough. Calves of weanling age are affected most frequently, but older
cattle may also show signs. The acute pulmonary lesion is a
bronchointerstitial pneumonia. The anteroventral parts of the lungs are
affected but, in severe cases, entire lobes can be 5 involved. The dry
cough is attributed to tracheitis. Microscopic changes in the lungs include
suppurative bronchitis and alveolitis progressing to type ll pneumocyte
hyperplasia and interstitial thickening. Bovine genital campylobacteriosis
is a venereal disease of cattle characterized primarily by early to
embryonic death, infertility, a protracted calving season, and occasionally,
abortion. Distribution is probably worldwide. The cause is the motile,
gram-negative, curved or spiral, polar flagellated bacterium
Carnpylobacter fetus venerealis or Campy/chanter fetus fetus For many
years, it was thought that C. fetus fetus (formerly C. fetus intestinal's ) was
generally an intestinal organism, only occasionally caused abortion in
cattle, and was not a cause of infertility. However, it has been 15 shown
that C fetus fetus can also be a significant cause of the classic infertility
syndrome usually attributed to Campylabacter fetus venereal/s. There are
several strains of C. fetus fetus, and the only way to determine if a strain
is a cause of infertility is to test that possibility in a group of heifers.
Campylobacter spp are very labile and are destroyed quickly by heating,
drying, and exposure to the atmosphere. Unless cultured quickly after
collection from the animal and grown under 20 microaerophilic or
anaerobic conditions, campylobacters will not grow. Campylobacter fetus
is transmitted venereally and also by contaminated instruments, bedding,
or by artificial insemination using contaminated semen. Individual bulls
vary in their susceptibility to infection because some become permanent
carriers, while others appear to be resistant to infection. Bulls can also
transmit the infection mechanically for several hours after copulating with
an infected cow. In cows, the 25 duration of the canter state is also
variable; some clear the infection rapidly, while others can can)' C. fetus
for .? 2 yr. IgA antibodies are shed in cervical mucus in significant
amounts in -50% of cows for several months after infection and are useful
diagnostically. Although most of the genital tract may be free of infection
when a cow eventually conceives, the vagina may remain chronically
infected, even through pregnancy. Cows are systemically normal, but
there is a variable degree of 30 mucopurulent endometritis that causes
early embryonic death, prolonged luteal phases, irregular estrous cycles,
repeat breeding and, as a result, protracted calving periods. Observed
abortions are not common. In herds not managed intensively, disease
may be noticed only when pregnancy examinations reveal low or
marginally low pregnancy rates but, more importantly, great variations in
gestation lengths, especially when the disease has recently been
introduced to the herd. In 9  subsequent years, infertility is usually
confined to replacement heifers and a few susceptible cows. Bulls are
asymptomatic and produce normal semen. Leptospirosis is a contagious
disease of animals, including man, caused by various immunologically 5
distinct leptospiral serovars, most of which are regarded as subgroups of
Leptospira interrogans. Infections may be asymptomatic or cause various
signs, including fever, icterus, hemoglobinuria, renal failure, infertility,
abortion, and death After acute infection, leptospires frequently localize in
the kidneys or reproductive organs and are shed in the urine, sometimes
in large numbers for months or years. Because the organisms survive in
surface waters for extended periods, the disease to is often waterborne. In
the USA, the disease is primarily due to the serovars Leptospira her*,
Leptospira pontona, and Leptospira grippotyphosa. However, Leptospira
eanicola and Leptospira feterohaentorrhegiae serovars also have been
isolated. Calves may have fever, anorexia, and dyspnea, and in
Leptospira pomona infections, icterus, hemoglobinuria, and anemia Body
temperature may rise suddenly to 40.5-41C. Hemoglobinuria rarely lasts
longer than 48-72 hrs. 15 toterus clears rapidly and is followed by anemia.
The RBC's begin to increase in number by 4-5 days and return to normal
7-10 days later. However, Leptospira hardjo infections usually do not
cause hemolytic anemia, which makes diagnosis more difficult. Morbidity
and mortality are higher in calves than in adult cattle. In older cattle, signs
vary greatly and diagnosis is more difficult. Enzootic Leptospira hardjo
infections, which usually result in abnormal milk, are more obvious in 20
dairy than in beef cattle. Signs usually are restricted to lowered milk and
calf production; a hemolytic crisis does not occur. The milk is thick, yellow,
and blood-tinged; it may contain clots, although there is little evidence of
mammary inflammation. Milk production returns to normal in 10-14 days,
even in the absence of treatment. Abortion and stillbirths, which are
common in Leptospira pomona infections and sporadic in Leptospira
hardlo infections, generally occur 3-10 25 weeks after initial infection. The
abortions are more common during the third trimester. An abortion storm
in a breeding herd is often the first indication that leptospirosis exists,
because the mild initial signs often pass unnoticed. In endemically
infected herds, abortions occur mostly in younger animals and are
sporadic, rather than being manifested as abortion storms. Calves reared
by previously infected cows are protected by colostral antibodies for up to
6 mos. The calves generally 30 have an antibody titer similar to that of
their dams In the acute form, anemia, interns, hemoglobinuria, and
submucosal hemorrhages are prominent. The kidneys are swollen, with
mullifocal petechial and ecchymotic hemorrhages that become pale with
time. The liver may be swollen, with minute areas of focal necrosis.
Petechiae in other organs are seen in fulminating cases; however, in the
more prevalent Leptospira hardjo infections, the lesions are primarily 10
restricted to the kidneys. Brucellosis is caused by bacteria of the genus
Brucelia and is characterized by abortion, retained placenta, and to a
lesser extent, orchitis and infection of the accessory sex glands in males.
The 5 disease in cattle, water buffalo, and bison is caused almost
exclusively by Braced& aborens; however, Bruce" aids or Bnacella
melitensiv is occasionally implicated in some cattle herds. Bruce/la ruts
does not appear to be contagious from cow to cow_ Infection spreads
rapidly and causes many abortions in unvaccinated herds. Typically, in a
herd in which disease is endemic, an infected cow aborts only once after
exposure; subsequent gestations and lactations appear normal. to After
exposure, many cattle become bacteremic for a short period and develop
agglutinins and other antibodies; others resist infection, and a small
percentage of infected cows recover. A positive serum agglutination test
usually precedes abortion or a normal parturition but may he delayed in
-15% of mime's. The incubation period may be variable and is related to
the stage of gestation at time of exposure. Organisms are shed in milk
and uterine discharges, and the cow may become 15 temporarily sterile.
Bacteria may be found in the uterus during pregnancy, uterine involution,
and infrequently, for a prolonged time in the nongravid uterus. Shedding
from the vagina largely disappears with reduction of the fluids after
parturition. Some infected cows that aborted previously shed brucellae
from the uterus at subsequent normal parturitions. Organisms are shed in
milk for a variable length of time-in most cattle for life. Natural
transmission occurs by ingestion of 20 organisms, which are present in
large numbers in aborted fetuses, fetal membranes, and uterine
discharges. Cattle may ingest contaminated feed and water, or lick
contaminated genitals of other animals, Venereal transmission by infected
bulls to susceptible cows appears to be rare. Transmission may occur by
artificial insemination when Bruce/la -contaminated semen is deposited in
the uterus but, reportedly, not when deposited in the midcervix. Brucellae
may enter the body 25 through mucous membranes, conjunctivae,
wounds, or even intact skin. Mechanical vectors (eg, other animals,
including man) may spread infection. Brucellae have been recovered from
fetuses and from manure that has remained in a cool environment for > 2
mo. Exposure to direct sunlight kills the organisms within a few hours.
Abortion is the most obvious manifestation. Infections may also cause
stillborn or weak calves, retained placentas, and reduced milk yield.
Usually, general 30 health is not impaired in uncomplicated abortions.
Seminal vesicles, ampullae, testicles, and epididymides may be infected
in bulls; therefore, organisms are in the semen. Agglutinins may be
demonstrated in seminal plasma from infected bulls. Testicular abscesses
may occur. Long-standing infections may result in arthritic joints in some
cattle. 11  Actinomyem (Cmynebamerium) pyogenes causes sporadic
abortion in the last trimester. Rarely, the incidence in a herd may reach
enzootic (64%) levels_ The bacteria are present on mucous membranes
of many normal cows, as well as in uterine and abscess discharges. They
gain mazy to the bloodstream and cause an endometritis and placentitis,
which is diffuse with a reddish brown to 



5brown color. The fetus is usually autolyzed, with fibrinous pericarditis,
pleuritis, or peritonitis possible. Clostridia are relatively large, anaerobic,
spore-forming, rod-shaped organisms. The spores are oval, sometimes
spherical, and are central, subterminal, or terminal in position. The
vegetative forms of to clostridia in tissue fluids of infected animals occur
singly, in pairs, or rarely in chains. Differentiation of the various
pathogenic and related species is based on cultural characteristics, spore
shape and position, biochemical reactions, and the antigenic specificity of
toxins or surface antigens. The natural habitats of the organisms are the
soil and intestinal tract of animals, including man. Pathogenic strains may
be acquired by susceptible animals either by wound contamination or 15
by ingestion. Diseases thus produced are a constant threat to successful
livestock production in many parts of the world. Clostridium
haemoOrticurn is a soil-borne organism that may be found naturally in the
GI tract of cattle. It can survive for long periods in contaminated soil or in
bones from carcasses of animals that 20 had been infected. After
ingestion, latent spores ultimately become lodged in the liver. The
incubation period is extremely variable, and the onset depends on the
presence of a locus of anaerobiosis in the liver. Such a nidus for
germination is most often caused by fluke infection, much less often by
high nitrate content of the diet, accidental liver puncture, liver biopsy, or
any other cause of localized necrosis. When conditions for anaerobiosis
are favorable, the spores germinate, 25 and the resulting vegetative cells
multiply and produce D toxin (phospholipase C), which causes
intravascular hemolysis and its sequelae, including hemolytic anemia and
hemoglobinuria. Cattle may be found dead without premonitory signs.
Usually, there is a sudden onset of severe depression, fever, abdominal
pain, dyspnea, dysentery, and hemoglobinuria Anemia and jaundice are
present in varying degrees. Edema of the brisket may occur. Hgb and
ABC levels are quite low. 30 The duration of clinical signs varies from -12
hr in pregnant cows to -3-4 days in other cattle. The mortality in untreated
animals is -95% Some cattle suffer from subclinical attacks of the disease
and thereafter act as immune carriers. Dehydration, anemia, and
sometimes subcutaneous edema are present. There is bloody fluid in the
abdominal and thoracic cavities. The lungs are not grossly affected, and
the trachea contains bloody froth with hemorrhages in the mucosa. The
small intestine 12  and occasionally the large intestine are hemorrhagic;
their contents often contain free or clotted blood. An anemic infarct in the
liver is virtually pathognomonic; it is slightly elevated, lighter in color than
the surrounding tissue, and outlined by a bluish red zone of congestion.
The kidneys are dark, friable, and usually studded with petechiae. The
bladder contains purplish red urine. After 5 death, rigor moms sets in more
rapidly than usual. Clostridium chaavoei occurs naturally in the intestinal
tract of animals. It probably can remain viable in the soil for many years,
although it does not actively grow there. Contaminated pasture appears to
be a source of organisms. Outbreaks of blackleg have occurred in cattle
on farms in Ia which recent excavations have occurred which suggests
that disturbance of soil may activate latent spores. The organisms
probably are ingested, pass through the wall of the GI tract, and after
gaining access to the bloodstream, are deposited in muscle and other
tissues. In cattle, blackleg infection is endogenous, in contrast to
malignant edema. Lesions develop without any history of wounds,
although bruising or excessive exercise may precipitate some cases.
Commonly, the animals that 15 contract blackleg are of the beef breeds,
in excellent health, gaining weight, and usually the best animals of their
group. Outbreaks occur in which a few new cases are found each day for
several days. Most cases occur in cattle from 6 months to 2 years old, but
thrifty calves as young as 6 weeks and cattle as old as 10-12 years may
be affected. The disease usually occurs in summer and fall and is
uncommon during the winter. In sheep, the disease is not restricted to the
young, and most cases 20 follow some form of injury such as shearing
cuts, docking, crutching, or castration. Usually, onset is sudden and a few
cattle may be found dead without premonitory signs. Acute lameness and
marked depression are common. Initially, there is a fever but, by the time
clinical signs are obvious, the temperature may be normal or subnormal.
Characteristic edematous and crepitant swellings develop in the hip,
shoulder, chest, back, neck, or elsewhere. At first, the swelling is small,
hot, and painful. 25 As the disease rapidly progresses, the swelling
enlarges, there is crepitation on palpation, and the skin becomes cold and
insensitive as the blood supply to the area diminishes. General signs
include prostration and tremors. Death occurs in 12-48 hrs. In some cattle,
the lesions are restricted to the myocardium and the diaphragm, with no
reliable ante mortem evidence of the localized lesion. 30 Clostridium nosyl
has been suspected but not yet confirmed as a cause of sudden death in
cattle and pigs fed high-level grain diets, and in which pre-existing lesions
of the liver were not detectable. The lethal and necrotizing toxins (primarily
a toxin) damage hepatic parenchyma, thereby permitting the bacteria to
multiply and produce a lethal amount of toxin. Usually, death is sudden
with no well-defined signs. Affected animals tend to lag behind the flock,
assume sternal 13  recumbency, and die within a few hours. Most cases
occur in the summer and early fall when liver fluke infection is at its height.
The disease is most prevalent in 1- to 4-year-old sheep and is limited to
animals infected with liver flukes. Differentiation from acute fascithasis
may be difficult, but peracute deaths of animals that show typical lesions
on necropsy should arouse suspicion of 5 infectious necrotic hepatitis.
The most characteristic lesions are the grayish yellow necrotic foci in the
liver that often follow the migratory tracks of the young flukes. Other
common findings are an enlarged pericardial sac filled with straw-colored
fluid, and excess fluid in the peritoneal and thoracic cavities. Usually,
there is extensive rupture of the capillaries in the subcutaneous tissue,
which causes the adjacent skin to turn black (hence the common name,
black disease). 10 Clostridium septieum is found in soil and intestinal
contents of animals (including man) throughout the world Infection
ordinarily occurs through contamination of wounds containing devitalized
tissue, soil, or some other tissue-debilitant. Wounds caused by accident,
castration, docking, insanitary vaccination, and parturition may become
infected. General signs, such as anorexia, 15 intoxication, and high fever,
as well as local lesions, develop within a few hours to a few days after
predisposing injury. The local lesions are soft swellings that pit on
pressure and extend rapidly because of the formation of large quantities of
exudate that infiltrates the subcutaneous and intramuscular connective
tissue of the affected areas. The muscle in such areas is dark brown to
black. Accumulations of gas are uncommon. Severe edema of the head of
rams occurs after 20 infection of wounds inflicted by fighting. Malignant
edema associated with lacerations of the vulva at parturition is
characterized by marked edema of the vulva, severe toxemia, and death
in 24-48 hours, Similarity to blackleg is marked, and differentiation made
on necropsy is unreliable; laboratory confirmation is the only certain
procedure. Horses and pigs are susceptible to malignant edema but not to
blackleg. 25 Infectious disease caused by Clostridium sordellii are also
characterized by a nongaseous, nonhemorrhagic, edematous swelling of
the head face, and neck of young rams. This infection is initiated in young
rams by their continual butting of one another. The bruised and battered
subcutaneous tissues provide conditions suitable for growth of pathogenic
clostridia, and the breaks 30in the skin offer an opportunity for their
entrance Infection with C perffingens types A, B and C causes severe
enteritis, dysentery, toxemia, and high mortality in young calves. Types B
and C both produce the highly necrotizing and lethal 0 toxin that is
responsible for the severe intestinal damage. This toxin is sensitive to
proteolytic 14  enzymes, and disease is associated with inhibition of
proteolysis in the intestine. Sow colostrum, which contains a nypsin
inhibitor, has been suggested as a factor in the susceptibility of young
piglets. Type C also causes enterotoxemia in adult cattle. In calves, there
is acute diarrhea, dysentery, abdominal pain, convulsions, and
opisthotonos. Death may occur in a few hours, but less 5 severe cases
survive for a few days, and recovery over a period of several days is
possible. Hemorrhagic enteritis with ulceration of the mucosa is the major
lesion in all species. Grossly, the affected portion of the intestine is deep
blue-purple and appears at first glance to be an infarction associated with
mesenteric torsion. Smears of intestinal contents can be examined for
large numbers of gram-positive, rod-shaped bacteria, and filtrates made
for detection of toxin and subsequent toidentification by neutralization with
specific antiserum. This classic enterotoxemia caused by C perfringens
type D rarely occurs in cattle. It is worldwide in distribution and may occur
in animals of any age. The disease has been suspected in well- nourished
beef calves nursing high-producing cows grazing lush pasture and in
sudden death 15 syndrome in feedlot cattle; however, supportive
laboratory evidence in the latter is lacking. Acutely affected calves not
found dead show mania, convulsions, blindness, and death in a few
hours. Subacutely affected calves are stuporous for a few days and may
recover. Tetanus toxemia is caused by a specific neurotoxin produced by
Clostridium tetani in necrotic 20 tissue. Almost all mammals are
susceptible to this disease. Although tetanus is worldwide in distribution,
there are some areas, such as the northern Rocky Mountain section of the
USA, where the organism is rarely found in the soil and where tetanus is
almost unknown. In general, the occurrence of C tetani in the soil and the
incidence of tetanus in man and horses is higher in the wanner parts of
the various continents. Clostridium tetani , an anaerobe with terminal,
spherical 25spores, is found in soil and intestinal tracts. In most cases, it
is introduced into the tissues through wounds, particularly deep puncture
wounds, that provide a suitable anaerobic environment. Infection with
Salmonella app can produce diarrhea in animals of all ages, especially
those that are stressed, closely stocked, or exposed to a heavily
contaminated feed or water supply. Saimonellosis 30 is caused by many
species of salmonellae and characterized clinically by one or more of
three major syndromes-septicemia, acute eriteritis, and chronic enteritis.
The incidence has increased with the intensification of livestock
production. Young calves usually develop the septicemic form Adult cattle,
develop acute enteritis. Conic enteritis may develop occasionally in cattle.
Pregnant animals may abort. In older animals, the disease is manifested
by dysentery and toxemia, and mortality can 15  be significant. While
many other Salmonella spp may cause disease, the more relevant in
cattle are S. Nub Marin an, S. dahlias, and S. oseeport Although their
resulting clinical patterns are not distinct, different species of salmonellae
tend to differ in their epidemiology. Plasmid profile and drug-resistance
patterns are sometimes useful markers for epidemiologic studies. Feces
of infected 5 animals can contaminate feed and water, milk, Fresh and
processed meats from abattoirs, plant and animal products used as
fertilizers or feedstuffs, pasture and rangeland, and many inert materials.
The organisms may survive for months in wet, warm areas such as in
feeder pig barns or in water dugouts but survive less than 1 week in
composted cattle manure. Rodents and wild birds also are sources of
infection. The prevalence of infection varies among species and countries
and is much to higher than the incidence of clinical disease, which is
commonly precipitated by stressful situations such as sudden deprivation
of feed, transportation, drought, crowding, parturition, and the
administration of some drugs. Further relevant gastro-intestinal pathogens
are Cryptosporidium plenum and Mycobacterium 15 avitun
pamlaberculasie Paratuberculosis is a chronic, contagious enteritis
characterized by persistent and progressive diarrhea, weight loss,
debilitation, and eventually death. It affects cattle, sheep, goats, llamas,
camels, farmed deer, and other domestic, exotic, and wild ruminants. It
has also been recognized in wild rabbits; horses and pigs can be infected
experimentally. Distribution is worldwide. There are conflicting data on the
involvement of the organism in Crohn's disease, a 20 chronic enteritis in
people. Animals with paratuberculosis should be considered as potential
zoonotic risks until the situation is clarified. The causative organism is
Mycobacterium astern paratuberculosis, formerly known as M.
paratuberculosis or Al. johnet Occasionally, other Al avium subspecies are
isolated from cases. The organism is quite resistant and can survive on
pasture for more than I year, but sunlight, alkaline soils, and drying reduce
its survival rate. it is shed in 25 large numbers in feces of infected animals,
and infection is acquired by ingestion of contaminated feed and water.
Introduction of the disease into a clean herd is usually by subclinically
infected carriers. Infection is acquired early in life, but clinical signs rarely
develop in cattle < 2 yrs old. Resistance increases with age, and cattle
first exposed as adults are unlikely to become infected. Most calves are
infected soon after birth either by nursing udders contaminated with feces
from 30 infected animals or by being housed in contaminated pens. The
organism can also be present in colostrum and milk of infected cows, and
intrauterine infections have also been described. After ingestion, the
bacteria infect macrophages in the mucosa of the lower small intestine
and in associated lymph nodes. Most animals will eliminate infection by an
early cell-mediated immune response that encourages microbicidal
activity in macrophages. In susceptible animals, the 35 organisms multiply
and provoke a chronic enteritis that leads to clinical disease. This may
take months to years to develop and is usually paralleled by a decline in
cell-mediated immunity and a 16 



rise in ineffective serum antibody. However, fecal shedding begins before
clinical signs are apparent. Mycobacterium avium paratuberculosis can be
isolated from feces, mesenteric and ileocecal lymph nodes, thickened
intestinal walls, and less frequently the udder and the reproductive tracts
of both sexes. 5 thyptosporidiosis is an enterocothis of cosmopolitan
distribution caused by the coccidian parasite Cryptosporldium pongees. It
is not host-specific and is common in young ruminants, particularly calves;
it is also found in man and pigs and is rare in dogs, cats, and horses.
Other cryptosporidia cause disease in reptiles and birds. The disease in
calves, characterized by weight loss and watery 10 diarrhea, is clinically
indistinguishable from many other causes of calf dianhea.
Cryptosporidium parvum is a minute protozoan that is transmitted by the
fecal-oral route. Oocysts are sporulated (four sporozoites) when shed in
the feces and, therefore, are immediately infective. The mean incubation
period is -4 days. Calves 1-3 weeks old seem to be most susceptible.
Signs such as anorexia, weight loss, diarrhea, and tenesmus, resemble
those caused by several other intestinal 15 pathogens; however,
infections without signs do occur. Uncomplicated cryptosporidiesis is
seldom fatal. Disease can be severe in imtnunocompromised individuals.
If severe disease in calves is seen, other disease agents or concurrent
infections should be ruled out. Although C parvum can infect virtually the
entire intestinal tract, the distal small intestine usually is affected most
severely. Infection in horses is limited to the small intestine. Gross lesions
may consist of hyperemic 20 intestinal mucosa and yellowish intestinal
contents. Microscopically, mild to severe villous atrophy with spherical
organisms in the brush border is evident. Unlike Eimeria and lsospora spp
, which are intracellular parasites, C. parvum is intramembranous and
resides within the brush border of the intestinal epithelial cells. 25
Chlatuydia pitradcauses sporadic abortion after the fourth month of
gestation but usually in the last trimester. The chlamydia nose placentitis,
fetal pneumonia, and hepatitis. Stained smears of cotyledons may reveal
the organisms; if not, tissues may be cultured in embryonating chicken
eggs. Abortion is usually sporadic in cows, but an ovine chlannydial
vaccine has been used in cattle. 30 inflammation of the mammary gland
(mastitis) is almost always due to the effects of infection by bacterial or
mycotic pathogens. Mastitis may be associated with infection by many
other organisms, including Streptococcus aliens, Streptococcus
dysgalactiae, Klebsiella app. Pseudomonas aeruginosa, Actinomyces
pyogenes, Mycoplasma sup, Nocardia astern/des, Serrada,
Mycobacterium spa, Clostritgam perfringens, Postcard& app, yeasts, and
Protdheca app. 35 Dermatomycoses (Dermatophytosis) in animals are
anthropozoonotic diseases of the skin and related tissue. Clinical
symptoms are characterized by loss of hair in the affected area,
hyperemia, 17  scaling and asbestos-like scabs. Inflammation is often
accompanied by suppuration. Demrtatomyc-oses are often also
characterized by localized infection of the skim Dermatomycoses in
animals carry a substantial socioeconomic impact. Diseased animals
required prolonged treatment and can spread infection to both animals
and humans. Dermatophytosis are caused by mycosis 5 infections of
Trichophytote app. or Ancrosporetni app. Most relevant causes for cattle
are Ilichophyson verrucenan,Tliehophylon onentagrophyles or
Trichophytop sarkisova An infection of the lower respiratory tract, usually
resulting in bronchitis or pneumonia, can be caused by any of several
parasitic nematodes, including Diayocaphis viviparms in cattle. This to
lungworm belongs to the superfamily Trichostrongyloidea and has direct
life cycles. The cattle lungworm is common in northwest Europe and is the
cause of severe outbreaks of "husk" or "noose" in young grazing cattle.
Because 11 viviparus infection in cattle is the most economically
important, it has been most investigated and many of the observations
from it are applicable to the other species. Clinical disease usually
develops on first exposure to sufficient infective larvae. In 15 cattle, this
usually occurs during their first season at pasture; however, an increase in
the number of older cattle affected has been reported. Signs of lungworm
infection range from moderate coughing with slightly increased respiratory
rates to severe persistent coughing and respiratory distress and even
failure, Reduced weight-gains, reduced milk yields, and weight loss
accompany many infections in cattle. Patent subclinical infections can
occur in all species. The most consistent signs 20 in cattle are tachypnea
and coughing. Trichomoniasis is a venereal protozoal disease of cattle
characterized primarily by early fetal death and infertility, resulting in
extended calving intervals. Distribution is probably worldwide. The
causative protozoan, Thichontonas (Trifrischomonas) foetus, is pyriform
and ordinarily 10-15 x 5- 25 10 gm, but there is considerable
pleomorphism. It may become spherical when cultured in artificial media.
At its anterior end, there are three flagella about the same length as the
body of the parasite. An undulating membrane extends the length of the
body and is bordered by a marginal filament that continues beyond the
membrane as a posterior flagellum. Although 'I' foetus can survive the
process used for freezing semen, it is killed by drying or high
temperatures. Trichomonas foetus is found in 30 the genital tracts of
cattle. When cows are bred naturally by an infected bull, 30-90% become
infected, suggesting that strain differences exist. Variation in breed
susceptibility to wichomoniasis may also exist. Bulls of all ages can
remain infected indefinitely but this is less likely in younger males. By
contrast, most cows are free of infection within 3 months after breeding.
However, immunity is not long lasting and reinfection does occur.
Transmission can also occur when the 18 semen from infected bulls is
used for artificial insemination. The most common sign is infenility caused
by embryonic death. This results in repeal breeding and a prolonged
calving season. Fetal death and abortions can also occur but are not as
common as losses earlier in gestation. Trichomonas foetus has been
found in vaginal cultures taken as late as 8 months of gestation and,
5apparently, live calves can be born to infected dams. Pyometra
occasionally develops after breeding. Neaspora anditIUM is an obligate
intracellular protozoan parasite that has been confused previously with
Taroplasma :anal . Only asexual stages are known, and they resemble T
gamin. The to complete life cycle of N caninum is unknown, but it can be
transmitted transplacentally in dogs, cattle, goals, sheep, and cats, and
subsequent offspring may be affected. Tachyzoites are 5-7 x 1-5 pm,
depending on the stage of division. They divide by endodyogeny.
Tachyzoites are found in myocytes, neural cells, dermal cells,
macrophages, and other cells. Tissue cysts up to 100 pm in diameter are
found in neural cells; the cyst wall is amorphous and up to 4 pm thick.
Cysts have no 15 septa and enclose slender 7 x 1.5 pm bradyzoites. In
dairy cattle, N caninum is a major cause of abortion in many countries,
particularly in the USA. Calves may be aborted, stillborn, born
underweight, weak, or paralyzed, or they may become paralyzed within 4
weeks of birth. Non-suppurative encephalitis is the main lesion in aborted
fetal tissues. Abortion can occur throughout gestation, and some cows
may abort again; darns of these calves are clinically normal. 20
Babesiosis is caused by intraerythrocytic protozoan parasites of the genus
Roberta . A wide range of domestic and wild animals and occasionally
man is affected by the disease, which is transmitted by ticks and has a
worldwide distribution. Two important species in cattle- Babesia bigenana
and Babesia beta - are widespread in tropical and subtropical areas and
are the focus of this  25 discussion. In endemic areas, two features are
important in determining the risk of clinical disease: 1) calves have a
degree of immunity (related both to colostral-derived antibodies and to
age) that persists for -6 months, and 2) animals that recover from Rabesta
infections are immune for life. Thus, at high levels of tick transmission, all
newborn calves will become infected with Babesia by 6 mos. of age, show
few if any clinical signs, and subsequently be immune. This situation of
endemic  30 stability can be upset by either a natural (eg, climatic) or
artificial (eg, acaricide treatment) reduction in tick numbers to levels where
tick transmission of Babesia to calves is insufficient to ensure all are
infected during this critical early period. Other circumstances that can lead
to clinical outbreaks include the introduction of susceptible cattle to
endemic areas and the incursion of Roberta -infected ticks into previously
tick-free areas. Strain variation in immunity has been 19  demonstrated
but is probably not of significance in the field. The acute disease generally
runs a course of -1 week. The first sign is fever (frequently 41C or higher),
which persists throughout, and is accompanied later by inappetence,
increased respiratory rate, muscle tremors, anemia, jaundice, and loss of
weight with hemoglobinemia and hemoglobinuria in the final stages. CNS
5 involvement due to sludging of parasitized erythrocytes in brain
capillaries occurs frequently with B. bows infection. Either constipation or
diarrhea may be present. Pregnant cows often abort. With virulent strains
of B. bovis, a hypotensive shock syndrome, combined with generalized
nonspecific inflammation, coagulation disturbances, and erythrocytic
stasis in capillaries, contribute to the pathogenesis. With most strains of B.
bigemitta, the pathogenic effects relate more directly to 10 erythrocyte
destruction. Animals that recover from the acute disease remain infected
for a number of years with B. bouts and for a few months in the case of B.
bigemina No signs are apparent during this carrier state. Lesions include
an enlarged and friable spleen; a swollen liver with an enlarged
gallbladder containing thick granular bile; congested, dark-colored
kidneys; and generalized anemia and jaundice. The urine is often, but not
invariably, red. Other organs, including 15 the brain and heart, may show
congestion or petechial hemorrhages. The susceptibility of cattle breeds to
Babesia infections varies; for example, Brahman cattle are more resistant
to B. bows infection than are British breeds. BRIEF DESCRIPTION OF
THE DRAWINGS 20Fig. I Serum neutralisation against NY93/C (BVDV
type II) Fig. 2 Serum neutralisation assay against KE9 (BVDV type I) Fig,
3 Serum neutralisation assay against NY93/C (RV DV type II) All
subsequent sequences show the deleted regions indicated withes (-),
which are also 25 numbered, whereas the sequences in the sequence
listing attached hereto are continuously numbered without the deleted
regions or amino acid codons. SEQ ID NO: IXIKE-A-cDNA sequence SEQ
ID NO:2XIKE-A-NdN-cDNA sequence 30 SEQ ID NO:3XIKE-B-cDNA
sequence SEQ ID NO:4XIICE-B-NdN-cDNA SEQ ID NO:5XIKE-A amino
acid sequence SEQ ID NO:6XIICE-A-NdN amino acid sequence SEQ ID
NO:7X1KE-B amino acid sequence 20  SEQ ID NO:8 SEQ ID NO:9 SEQ
ID NO:I0 SEQ ID NO:11 SEQ ID NO:12 XlICE-B-NdN amino acid
sequence XIKE-C-NdN amino acid sequence X1KE-C-NdN-cDNA
sequence XIKE-C-cDNA sequence X1KE-C amino acid sequence
SUMMARY The present disclosure relates to combination vaccines for the
treatment and/or prophylaxis of cattle against microbiological infections,
wherein one of the infections is caused by BVDV. The combination
vaccine as described herein comprises at least one attenuated BVDV,
wherein said attenuated BVDV comprises at least one mutation in the
coding sequence for glycoprotein Ems and at least another mutation in the
coding sequence for N' which preferably leads to combined inactivation of
the RNase activity residing in glycoprotein En' in addition to the
inactivation of the (hypothesized) immunomodulating activity residing in
NP'. The invention also relates to methods for producing such combination
vaccines. In one aspect, there is provided a combination vaccine for the
treatment and/or prophylaxis of cattle against microbiological infections,
wherein said combination vaccine comprises a. one or more attenuated
BVDV, having at least one mutation in the coding sequence for
glycoprotein Ems and/or at least another mutation in the coding sequence
for NT", wherein said mutation in the coding sequence for glycoprotein En'
leads to inactivation of RNase activity residing in En' and/or said mutation
in the coding sequence for NI" leads to inactivation of said Nil"; and b. one
or more 



21  antigen of one or more pathogens selected from the group consisting
of: Parainfluenza-3 Virus (P1-3), Infectious Bovine Rhinotracheitis virus
(IBR), Bovine Respiratory Syncytial Virus (BRSV), Bovine Herpesvinis
(BEIV), Bovine Rotavirus (BRV), Bovine Enterovirus (BEV), Bovine
Coronovirus (BCV), Bovine Rabies (BR), Bovie Parvovirus (PPV),
Adenovirus, Astrovirus, Mannheimia haemolytica (formerly Pasteurella
haemolytica), Pasteurella multocida, Haemophilus somnus (Histophilus
ovis and Haemophilus agni), Actinomyces such as Corynebacterium,
Actinomyces pyogenes, Chlamydia psittaci, Campylobacter fetus
venerealis and Campylobacter fetus fetus (formerly C fetus intestinalis),
Leptospira interrogans, Leptospira hardjo, Leptospira pomona, Leptospira
grippotyphosa, Leptospira canicola, Leptospira grippotyphosa, Leptospira
hardjo such as Leptospira hardjoprajitno and Leptospira hardjo-bovis,
BruceIla abortus, BruceIla suis and Brucella melitensis, Listeria
rnonocytogenes, Chlamyclia psittaci, Clostridium chauvoei, Clostridium
septicum, Clostridium haemolyticum, Clostridium novyi, Clostridium
sordellii, Clostridium perfringens, Clostridium tetani, Moraxella bovis,
Klebsiella spp., preferably Klebsiella pneumoniae, Salmonella
typhimurium; Salmonella newport, Mycobacterium avium
paratuberculosis, Cryptsporidium parvum, Cryptsporidium hominis,
Staphylococcus aureus, Streptococcus dysgalactiae, Streptococcus
uberus, Mycoplasma spp., preferably Mycoplasma dispar, Mycoplasma
bovis, and Ureaplasma spp., Tritrichomonas foetus, Trichophyton
verrucosum, Trichophyton mentagrophytes, Trichophyton sarkisovii,
Neospora caninum (formerly Toxoplasma gondii), Babesia bigemina and
Babesia bovis, and Dictyocaulus viviparous (Lungworm disease); and
wherein such BVDV component is safe for use in pregnant cows.  21a
According to a preferred embodiment, the present disclosure relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
infections of the respiratory and reproductive system in cattle, wherein the
combination vaccine comprises an attenuated BVDV as described herein
and at least one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by Bovine Herpes virus
(BHA!), Bovine Respiratory Syncytial Virus (BRSV), Parainnuenn Virus
(01-3), Campylobacter fetus, Leplospira canicola, Leprospira
grippotyphosa, Leptospira horgpetersenii, Leptospira prajitno, Leptospira
icterohaemmorrhagiae, Leptospira hardjo, Leptospira bovis, Leptospira
interrogans anclior Leptospira ponoma. According to a more preferred
embodiment, the combination vaccine comprises an attenuated BVDV as
described herein and at least one antigen of BHV, BRSV, RI-3.
Campylobacter fetus, Leplospira canicola, Leptospira grippotyphosa,
Leptospira borgpetersenii Leptospira prajitio, Leptospira hardy)
(Leptospira hardjo prajitno and Leptospira hardjo-bovis), Leptospira
icterohaeriumorrhagiae, Leptospira bovis, Leptospira interrogans and/or
Leptospim ponoma According to a more preferred embodiment, the
present disclosure relates so a combination vaccine for the treatment and
/or prophylaxis of cattle against viral infections of the respiratory and
reproductive system in cattle caused by BVDV, P1-3, BRSV, IBR and/or
RI-TV, wherein said vaccine comprises at least an attenuated BVDV as
deathbed herein and at least one further 21b  immunological active
component effective for the treatment and/or prophylaxis of infections
caused by PI-3. BRSV 113R, and 111-1V. According to a further more
preferred embodiment, the present disclosure relates to a combination
vaccine for the treatment and /or prophylaxis of cattle against viral
infections of the respiratory and reproductive system in cattle caused by
BVDV, P1-3. IBR, BRSV and/or BIN, wherein said vaccine comprises at
least an attenuated BVDV as described herein and at least one antigen of
P1-3, IBR, BRSV and/or BEEP DETAILED DESCRIPTION OF THE
INVENTION DEFINITIONS OF TERMS USED IN THE DESCRIPTION:
Before the embodiments of the present invention it must be noted that as
used herein and in the appended claims, the singular forms a, an , and
"the" include plural reference unless the context clearly dictates otherwise.
Thus, for example, reference to "a BVDV" includes a plurality of such
BVDV, reference to the "cell" is a reference to one or more cells and
equivalents thereof known to those skilled in the art, and so forth. Unless
defined otherwise, all technical and scientific terms used herein have the
same meanings as commonly understood by one of ordinary skill in the art
to which this invention belongs. Although any methods and materials
similar or equivalent to those described herein can be used in the practice
or testing of the present invention, the preferred methods, devices, and
materials are now described. All publications mentioned herein are
incorporated herein by reference in their entireties including for the
purpose of describing and disclosing the cell lines, vectors, and
methodologies as reported in the publications, which might be used in
connection with the invention. Nothing herein is to be construed as an
admission that the invention is not entitled to antedate such disclosure by
virtue of prior invention. The term "BVDV" as used herein refers to all
viruses belonging to species bovine viral diarrhea virus (BVDV) type 1
(BVDV-I) and BVDV type 2 (BVDV-2), including any sub-species such as
la lb, 2a, 2,b, and the like in the genus Pesavina within the family
Flaviviridae (Heinz et al., 2000). The more classical BVDV type I strains
and the more recently recognized BVDV type 2 strains display some
limited but distinctive differences in nucleotide and amino acid sequences.
"Protein C" or "C protein" or "C-protein" as used herein relates to a
structural component of the pestivims virion (Thiel et al., 1991). "Protein
C" is the capsid or core protein of pestiviruses. Said term, depending on
the context, may also relate to the "Protein C" with one or several amino
acids exchanges resulting from mutation of the encoding nucleotide
sequence. 22  The term "No' as understood herein relates to the first
protein encoded by the viral open reading frame that cleaves itself from
the rest of the synthesized polyprotein (Stark, et al., J. Viral. 67:7088-
7093 (1993); Wiskerchen, et at, Virol. 65:4508-4514(1991)). Said term,
depending on the context, 5 may also relate to the remaining "NP`" amino
acids after mutation of the encoding nucleotide sequence or to the coding
nucleotide sequence for said protein itself "Protease activity residing in
Wu' relates to the polypeptide cleavage activity of said "Wit". Inactivation
of NPifi as used herein means the prevention or considerable reduction of
the probable to imnaunemodulating activity of hr by mutation. In a
preferred embodiment this mutation prevents or considerably reduces the
interference of NPm with the induction of an interferon response by the
infected cells as described by Ruggli at al., (2003). In this case, the
inactivation of NP' would allow the cell to mount a normal interferon
response. Is"Processing signal" as used herein relates to a substance that
ensures the generation of a functional N-terminal of the C protein of the
pestivirus, preferably of BVDV, in particular a substance selected from the
group of ubiquitin, LC3, SUMO-1, NEDDS, GATE-16 and GABA(A)RAP.
Also proteases selected from the group of Intein, picomavirus 3C,
caridovirus 2A and p15 of rabbit hemorrhagic disease virus are
understood as "processing signals" as used herein. Any other similar 20
processing signal known to the skilled person that ensures the generation
of a ftmctional N-terminal of the C protein shall also be comprised in the
term -processing signal". " r" as used herein relates to the glycoprotein
En" which represents a structural component of the pestivirus virion (Thiel
et al., 1991). E'm lacks a typical membrane anchor and is secreted in 25
considerable amounts from the infected cells; this protein has been
reported to exhibit RNase activity (Hoist et at, 1994; Schneider et al.,
1993; Windisch et al., 1996). It should be noted that the term glycoprotein
EG is often used synonymously with glycoprotein F.' in publications. Said
term, depending on the context, may also relate to the mutated "E`n"
protein after mutation of the encoding nucleotide sequence or to the
coding nucleotide sequence for said protein itself. 'RNase 30 activity
residing in glycoprotein E"Th" relates to the RNA cleavage activity of said
glycoprotein, i.e. the ability of the glyc,oprotein En'' to hydrolyze RNA. The
term "inactivation of the RNase activity residing in said glycoprotein" refers
to the inability or reduced capability of a modified glycoprotein En'' to
hydrolyze RNA as compared to the unmodified wild type of said
glycoprotein En". 23  Inactivation of Ern" as used herein means RNase
activity not significantly above the level measured for noninfected control
cells in an RNase assay as described in Meyers et at, 1999. "Not
significantly above the level measured for noninfected control cells in an
RNase assay as described in Meyers et al., 1999'', means for example,
that the RNase activity is less than 150% compared to 5the noninfected
control cells. Attenuation: "An attenuated pestivirus or BVDV particle" as
used herein means that there is a statistically significant difference
between the vimlence of attenuated pestivirus or BVDV particles of the
present invention, wherein said attenuated viral particles being attenuated
by a method to described herein, and wild-type pestivirus or I3VDV
isolates from which said attenuated pestivirus or BVDV particles have
been derived, for the predominant clinical parameters, in case of BVDV for
diarrhea, pyrexia and lethality in animals infected with the same dose,
preferably 6x106TCID50. Thus, said attenuated BVDV particles do not
cause diarrhea, pyrexia and lethality and thus may be used in a vaccine.
15 "Bovine pathogen" as used herein means a microorganism that has an
impact on the healthiness of cattle. "Immunological active component" or
"immunologically active component" as used herein means a 20
component that induces or stimulates the immune response in an animal
to which said component is administered. According to a preferred
embodiment, said immune response is directed to said component or to
an microorganism comprising said component. According to a further
preferred embodiment, the immunological active component is an
attenuated microorganism, including modified live virus (MLV), a
killed-microorganism or at least an immunological active part of a 25
microorganism. "Immunological active part of a microorganism" as used
herein means a protein-, sugar-, and or glycoprotein containing fraction of
a microorganism that comprises at least one antigen that induces or
stimulates the immune response in an animal to which said component is
administered. 30 According to a preferred embodiment, said immune
response is directed to said immunological active part of a microorganism
or to a microorganism comprising said immunological active part. The
term "vaccine" as used herein refers to a pharmaceutical composition
comprising at least one immunologically active component that induces an
immunological response in an animal and 24  possibly but not necessarily
one or more additional components that enhance the immunological
activity of said active component A vaccine may additionally comprise
further components typical to pharmaceutical compostions. The
immunologically active component of a vaccine may comprise complete
virus particles in either their original form or as attenuated particles in a
so-called modified live vaccine (MLV) or particles inactivated by
appropriate methods in a so-called killed vaccine (KV). In another form,
the immunologically active component of a vaccine may comprise
appropriate elements of said organisms (subunit vaccines) whereby these
elements are generated either by destroying the whole particle or the
growth cultures containing such particles and optionally, subsequent
purification steps yielding the desired structure(s), or by synthetic
processes to including an appropriate manipulation by use of a suitable
system based on, for example, bacteria, insects, mammalian or other
species, plus optionally subsequent isolation and purification procedures
or by induction of said synthetic processes in the animal needing a
vaccine by direct incorporation of genetic material using suitable
pharmaceutical compositions (polynueleotide vaccination). A vaccine may
comprise one or simultaneously more than one of the elements 15
described above. The term "vaccine" as understood herein is a vaccine for
veterinary use comprising antigenic substances and is administered for
the purpose of inducing a specific and active immunity against a disease
provoked by a microbiological infection, preferably by a BVDV infection.
The BVDV as described herein, confer active immunity that may be
transferred passively via matemal antibodies against the immunogens it
contains and sometimes also against 20 antigenically related organisms.
A vaccine of the invention refers to a vaccine as defined above, wherein
one immunologically active component is a BVDV or derived from a
nucleotide sequence that is more than 70% homologous to any known
13VDV sequence (sense or antisense).      The term "live vaccine" refers
to a vaccine comprising a replication competent, in particular, a
25replication compentent viral active component. "Combination vaccine"
as used herein means a vaccine that comprises attenuated lENDV as
desribed herein together with a monovalent, bivalent or multivalent
combination of immunological active component(s). 30 "Microbiological
infection" as used herein means an infection as caused by a
microorganism that is pathogenic for cattle. Such microorganisms inculde
but are not limited to bacteria, viruses, yeasts or fungi, nwcoplasms, and
parasites. 25  A fragment" according to the invention is any subunit of a
polynucleotide molecule according to the invention, le any subset For
DNA, said fragment is characterized in that it is shorter than the DNA
covering the full-length viral genome. 



5 A functional variant" of the nucleotide molecule as used herein is a
nucleotide molecule which possesses a biological activity (either
functional or structural) that is substantially similar to the nucleotide
molecule according to the invention. The term "functional variant" also
includes "a fragment", "a functional variant", "a variant based on the
degenerative nucleic acid code" or "a chemical derivative". Such "a
functional variant" e.g. may cany one or several nucleotide to exchanges,
deletions or insertions. Said functional variant at least partially retains its
biological activity, e.g. functions as an infectious clone or a vaccine strain,
or even exhibits improved biological activity. "Possess a biological activity
that is substantially similar" means with respect to the pestiviruses Is
provided herewith, for example, that said pestivirus is attenuated in a
manner described herein and results in an non-pathogenic virus suitable
for the production of live attenuated vims, which loses ability to pass the
placenta but mediates an immune response after vaccination, A "variant
based on the degenerative nature of the genetic code" is a variant
resulting from the fact 20that a certain amino acid may be encoded by
several different nucleotide triplets. Said variant at least partially retains its
biological activity, or even exhibits improved biological activity. A molecule
is "substantially similar" to another molecule if both molecules have
substantially similar nucleotide sequences or biological activity. Thus,
provided that two molecules possess a 25 similar activity, they are
considered variants as that term is used herein if the nucleotide sequence
is not identical, and two molecules which have a similar nucleotide
sequence are considered variants as that term is used herein even if their
biological activity is not identical. A "mutation" as used herein relates to
modifications in the nucleic acid molecules encoding the 30 proteins /
amino acids according to the invention. Said mutations relate to, but are
not limited to, substitutions (replacement of one or several
nucleotides/base pairs), deletions (removal of one or several
nucleotides/base pairs), ancVor insertions (addition of one or several
nucleotides/base pails). As used herein, mutation may refer to a single
mutation or several mutations, therefore, often the term "mutation(s)" is
used and relates to both a single mutation and several mutations. Said 26
mutations include, but are not limited to point mutations (single nucleotide
mutations) or larger mutations wherein e.g. parts of the encoding nucleic
acid molecules are deleted, substituted and/or additional coding nucleic
acids are inserted. Said mutations may result in a modified expressed
polypeptide due to the change in the coding sequence. Such modified
polypeptides are desired, as 5set out in the disclosure of the invention as
set out below. Additional components to enhance the immune response
are constituents commonly referred to as "adjuvants", like e.g.
aluminiumhydroxide, mineral or other oils or ancillary molecules added to
the vaccine or generated by the body after the respective induction by
such additional components, like tobut not restricted to interferons,
interleukins or growth factors. A "pharmaceutical composition" essentially
consists of one or more ingredients capable of modifying physiological
e.g. immunological functions of the organism it is administered to, or of
organisms living in or on the organism. The term includes, but is not
restricted to, antibiotics or Is antiparasitics, as well as other constituents
commonly used to achieve certain other objectives like, but not limited to,
processing traits, sterility, stability, feasibility to administer the composition
via enteral or paxenteral routes such as oral, intranasal, intravenous,
intramuscular, subcutaneous, intradermal or other suitable route,
tolerance after administration, and controlled release properties. One
non-limiting example of such a pharmaceutical composition, solely given
for demonstration 20 purposes, could be prepared as follows: Cell culture
supernatant of an infected cell culture is mixed with a stabilizer (e.g.
spermidine and/or BSA (bovine serum albumin)) and the mixture is
subsequently lyophilized or dehydrated by other methods. Prior to
vaccination, said mixture is then rehydrated in aqueous (e.g. saline, PBS
(phosphate buffered saline)) or non-aqueous solutions (e.g. oil emulsion,
aluminum-based adjuvant). 25 DISCLOSURE OF THE INVENTION The
solution to the above technical problem is achieved by the description and
the embodiments characterized in the claims. 30 The present invention
relates to a combinantion vaccine for the treatment and/or prophylaxis of
microbiological infection in cattle, that comprises a live attenuated BVDV
as described herein and at least one further immunological active
component for treating or preventing diseases or disorders in cattle
caused by an infectious agents other than BVDV. 27  Attenuated IIVDV It
was decribed in WO 99/64604 that BVDV can be attenuated by
introducing at least one mutation in the coding sequence of glycoporiteion
En", wherein said mutation(s) result in an incinvation of 5 the RNAse
activity residing in the En" gene region. Moreover, it has also surprisingly
been found that BVDV can be more effectively attenuated by introducing
at least one mutation in the coding sequence for glycoprotein E"" and at
least another mutation in the coding sequence for NP which preferably
leads to the combined inactivation of the RNese activity residing in
glycoprotein Ent' in addition to the inactivation of the immunomodulating
activity residing in Nr'm (W02005/111201). to An immunomodulating effect
in one aspect is indicated but not limited to the indicated function for one
pestivirus in an exemplary manner by Reggli et al. (2003).Thus according
to one aspect, the present invention provides a combination vaccine that
comprises at least an attenuated BVDV having at least one mutation in
the coding sequence for glycoprotein En" and/or at least another mutation
in the coding sequence for Nim". Preferably, in such attenuated BVDV,
said mutation in the 13coding sequence for glycoprotein En" leads to
inactivation of the RNase activity residing in Ems and/or said mutation in
the coding sequence for Tel leads to inactivation of said AP". The
extenuated BVDV as described herein can be advantageously used in
combination vaccines for the treatment and/or prophylaxis of
microbiological infections in cattle. Surprisingly, the BVDV as 20 described
herein, comprising any of the modifications in the Nine and Ell" gene
region are safe for use in pregnant animals as they do not cross the
placenta. This is exemplified in a non-limiting manner for BVDV in
example 1. Furthermore, the BVDV with defined mutations within the AI"'
and E"" as a basis for attenuation will allow to avoid the risk of reversion to
a more pathogenic strain. A further advantage of said attenuating
mutations lies in their molecular uniqueness, which 25 allows to use them
as distinctive labels for an attenuated BVDV and to distinguish them from
BVDV from the field. Therefore, in a further aspect the present invention
provides a combination vaccine that comprises at least an attenuated
BVDV having at least one mutation in the coding sequence for
glycoprotein Ents and at least another mutation in the coding sequence for
INIPm. Preferably, in such attenuated BVDV, said mutation in the coding
sequence for glycoprotein En' 30 leads to inactivation of the RNase
activity residing in En" and/or said mutation in the coding sequence for
NPKT leads to inactivation of said Nwe. Said inactivation may take place
by any mutation known to the person skilled in the art of the En"- and the
1r-coding sequence, wherein the mutations are any mutation as defined in
the "definitions" section, such as deletions, insertion 28   mutations and/or
substitution mutations. Most preferably, the mutation(s) are deletions, as
the likelihood for reversion to the wild type is the lowest for deletions.
Altogether, the term attenuated BVDV or attenuated pestivins in general
as used herein, means but 5 is not limited to any attenuated BVDV or
pestivirus, having at least one modification in the coding sequence for
glycoprotein E" and/or at least one modification in the coding sequence for
NF". In the following, specific embodiments of any of such modification in
the Ents and/or Nm are described more in detail. According to a preferred
aspect, the term attenuated BVDV or attenuated pestivirus in general as
used herein, means, but is not limited to, any attenuated BVDV or In
pestivirus, having at least one modification in the coding sequence for
glycoprotein Em" and at least one modification in the coding sequence for
ISPr However, it is hereby understood that the present invention shall not
be limited to the specific modification described herein. A person skilled in
the art with the knowledge of the teaching provided herewith, is able to
generate and introduce further modifications within the glycoprotein Er'
and/or Not having the effect of attenuation as described 15herein.
Modifications' of the En' of RVI)V It has been shown that the glycoprotein
Ems fortes a disulfide-bonded homodimer of about 97 Mt, wherein each
monomer consists of 227 amino acids corresponding to the amino acids
268 to 494 of 20 the CSFV polyprotein as described by Riimenapf et al.
(1993). The genome sequence of the Alfort/Tfibingen strain of CSFV is
available in the GenBank/EMBL data library under accession number
J041158; alternatively, the amino acid sequence for the RVIIV strain CPI
can be accessed in the GenBank/EMBL data library (accession number
U63479); in the BVDV CP7 polyprotein, the Ems protein corresponds to
residues 271 to 497. Two regions of amino acids are highly conserved in
25 glycoprotein Ems as well as in some plant and fungal RNase-active
proteins (Schneider et at, 1993). These two regions are of particular
importance to the RNase enzymatic activity. The first region consists of
the region at the amino acids at position 295 to 307 (298 to 310 for BVDV
strain cp7) and the second region consists of the amino acids at position
338 to 357 (341 to 360 for BVDV strain cp7) of said viral polyprotein as
exemplified for the Alfort strain of CSFV in Meyers et al., 30 1999
(numbering according to the published deduced amino acid sequence of
CSFV strain Alfort/Ttibingen (Meyers et al., 1989). The amino acids of
particular importance to the RNase activity as mentioned above are by no
means limited to the exact position as defined for the AlforVTfibingen
strain of CSFV but are simply used in an exemplary manner to point out
the preferred amino acids being at that position or corresponding to that
position in other strains such as 29 



found in BVDV, BDV and pestiviruses in general since they are highly
conserved. For pestiviruses other than the CSFV AI fonanbingen strain
the numbering of the positions of the preferred amino acids can be
different but an expert in the field of the molecular biology of pestivinses
will easily iden* these preferred amino acids by the high degree of
conservation of this amino acid sequence 5and the position of these
motifs in the sequence context. In one panicular non-limiting example, the
position of CSEV Alton/Tubingen 346 is identical to position 349 of BVDV
strain cp7. As a consequence, the present invention preferably relates to a
BVDV according to the invention, wherein said mutation(s) in the coding
sequence for glycoprotein Ems are located in the encoding to nucleotide
sequence corresponding to amino acids at position 298 to 310 and/or
position 341 to 360. Preferably, such a mutation is (amino acids are given
in the one letter symbols; the amino acid before the position number
indicates the amino acid to he substituted, the amino acid after the
position number the substituting amino acid (del indicates deletion) for
example, H3001, which means that histidine at position 300 was
substituted by leonine: 15 Suitable modification of the glycoprotein Ern are
for example, the single substitutions/deletions: 82980, 14300K, H300L,
H300R, H300del, W3036, P304de1, E305A, C3080, R3430, E345de1,
W3466, 1C348A, H349K, H349L,1-1349del, H349Q, H349SV (mutation
143495 and insertion of V), K348R, W351P, W3516, W35IL, W351K,
W35IH; the double substitutions/deletions: 20 H300L/H349L,
K348del/11349de1, 1-1349de1,0350del, E345del/14349de1,
W3030/E305A, H300K/H3491C, H300K1H349L and the triple deletions:
L299del/H300del/G3Oldel, K348de1/14349del(6350de1. Numbering is
according to the published amino acid sequence of BVDV CP7 for all the
mutants listed above. All the above-listed mutants were at least tested as
BVDV mutants without mutations in the NPmregion. Suitable mutants of
the pestiviral such BVDV 25 giycoprotein En" are provided, for example,
by WO 99/64604, which is incorporated herein at its whole. It should be
noted, however, that according to a further preferred embodiment of the
present invention, at least one additional mutation in the 192m region, as
disclosed in further detail below, must be present 30It was particularly
found that deletion or substitution of the histidine residue at position 349
(BVDV) leads to effective inactivation of Ems and therefore leads to
particularly useful BVDV live vaccines. The present invention
demonstrates that BVDV are viable and code for an En' protein without
RNase activity when the histidine residue at position at position 349
(numbering according to the published sequence of BVDV CP7 (Meyers
et al., 1996b)) is deleted. Thus, preferably, the 30   BVDV as used in the
combination vaccine bears a mutation in the coding sequence for
glycoprotein E" is a deletion or substitution of the histidine residue at
position 349. Even more specifically, the putative active site of the RNase
is represented by the conserved E" sequences SLHGIWPEKICTG (SEQ
ID NO 13) and/or LQRHEWNKFIGWCNWFHIEPW (SEQ ID NO 14)
(sequence of the 5 BVDV-2 New York'93 protein is given here in an
exemplary manner; minor changes can possibly be found in other BVDV
sequences but the identity of the motif will always be obvious for an expert
in the field). As an example, the corresponding amino acid sequences of
BVDV-1 CP7 would be SLHG1WPEKICTG (SEQ ID NO 13) and/or
LQRHEWNKHOWCNWYNIEPW (SEQ ID NO 15). Thus, preferably, the
BVDV of the combination vaccine bears mutation(s) in the coding to
sequence for glycoprotein E" are located in the nucleotide sequence
coding for the conserved E" sequence SLFIGIWPEKICTO (SEQ ID NO
13) and/or LQRHEWNKHGWCNWFFBEPW (SEQ ID NO 14). These
sequences are representing the putative active site of the RNase. The
sequences SLHG1WPEKIC (SEQ ID NO 16) and RHEWNICHGWCNW
(SEQ ID NO 17) of the putative E" active site are even more conserved
across pestiviruses. Thus, preferably, the BVDV used for the 13
preparation of a combination vaccine as described herein has at least one
mutation in the coding sequence of the NPm protein and/or the
glycoprotein E", wherein said mutation(s) in the coding sequence for
glycoprotein Enn are located in the nucleotide sequence coding for the
conserved Ems sequence SLI-IGIWPEKIC (SEQ ID NO 16) and/or
RHEWNICHGWCNW (SEQ ID NO 15). Preferably, the mutation is located
in only one of said sequences. Thus the BVDV of the 20 combination
vaccine described herein having at least one mutation in the coding
sequence of the NPm protein and/or the glycoprotein En', wherein said
mutation(s) in the coding sequence for glycoprotein Ems are located in the
nucleotide sequence coding for the conserved En's sequence
SLHGIWPEKIC (SEQ ID NO 16) or RHEWNKHGWCNW (SEQ ID NO
17). Preferably, such mutations concern two different amino acids, i.e. are
double mutations. Thus, said mutations may 25 be 1 to 3 nucleotide
mutations in two different triplets encoding two amino acids. Thus, the
invention also relates to a combination vaccine comprising a live
attenuated BVDV having at least one mutation in the coding sequence of
the Tr protein and/or the glycoprotein Ems, wherein said mutation(s) in the
coding sequence for glycoprotein Ems are two mutations located in the
nucleotide sequence coding for the conserved Ems sequence
SLHGIWPEKIC (SEQ ID NO 16) and/or 30 RHEWNKHGWCNW (SEQ ID
NO 17). Preferably, such mutations concern a single amino acid. Thus,
said mutation may be 1 to 3 nucleotide mutations in one triplett encoding
one amino acid. Thus, the invention also relates to combination vaccine
for the treatment and/or prophylaxis of cattle against microbiological
infections comprising a live attenuated BVDV having at least one mutation
in the coding sequence of the NI' protein and/or the glycoprotein Ems,
wherein a single 31  mutation is located in the conserved En'' sequence
SLITGIWPEKIC (SEQ ID NO 16) and/or RITEWNKHGWCNW (SEQ ID
NO 17). Modification of the Nr gene of BVDV 5 As mentioned above, the
attenuated BVDV provided herein, having at least one mutation in the
coding sequence of the glycoprotein Ems and/or in the coding sequence
of the the NP:m protein, wherein said mutation preferably results in
inactivation of the RNase activity residing in the glycoprotein ems and/or
of the immunomodulating activity residing in N. Inactivation of NP:" is
achieved in BVDV of the specified formula described more in detail below,
wherein between 0 and tO all amino acids of Nig" are present; ubiquitin or
LC3 or another sequence serves as processing signal (e.g. SUMO-1,
NEDD8, GATE-16,GABA(A)RAF, or proteases like e.g. Intein, picomavims
3C, cardovirus 2A, or p15 of rabbit hemorrhagic disease virus) are present
or absent. In case a processing signal is present, the coding sequence of
the processing signal is inserted at or close to the C-terminal end of the
(remaining part of the) Ir-protein. Only in the case that a processing 15
signal is present, any number of amino acids coding for NPn (=Wm amino
acids) may be present. In case no processing signal sequence is inserted,
a maximum of 12 amino acids, preferably aminoterminal amino acids, of
NPI may be present, the remaining amino acids have to be deleted.
Furthermore, other than the Ens mutations as disclosed above (at least
one of which has to be present in the attenuated BVDV as described
herein), the remaining sequences of the attenuated 20 BVDV may remain
unchanged, i.e. are not mutated, or may also have mutations close to the
N-terminal end of the C-protein. A number of more specific embodiments
as disclosed below exemplify this. Thus, the attenuated BVDV of the
combination vaccine is modified in the coding regions of the Ems 25 as
described above and/or in the NI', wherein said mutation(s) in the coding
sequence for hIc'm leads to an encoded polyprotein as characterized by
the following formula: [NP"],,-[17S]-[C-term] and wherein: l'N'n relates to
theportion of said polyprotein, wherein "a" represents the number of
30amino acids of the Mt present in the polyprotein; [PSI relates to a
processing signal selected from: ubiquitin, LC3, SUMO-1, NEDD8,
GATE-16 or GABA(A)RAP or protsases like e.g. Intein, picomavirus 3C,
cardovirus 2A, or p15 of rabbit hemorrhagic disease vines, or any
processing signal known to the skilled person that 32  ensures the
generation of a functional N-terminal of the C-protein. "Y" may be = 0,
which means that no processing signal is present ( = PS is absent), or "tr"
may he = 1, which means that a processing signal is present (= PS
present). [C-term] relates to the complete pestivirus, in particular the
complete BVDV polyprotein  5 except for No', but including the capsid
(C)-protein and any other protein present in the pestivirus polyprotein, in
particular in the 13VDV polyprotein including the carboxytemainal N55B.
Preferably, the glycoprotein gm in said (C-term] is mutated, in such that
the RINase activity residing in the glycoprotein En" is inactivated. The
term "any other protein present in the pestivirus polyprotein /BVDV
poly-protein" relates to En'', El, E2, p7, NS2, N53, NS4A,  to NS4B and
NS5A, wherein glycoprotein en is mutated, preferably as disclosed herein
(see above), in such that the RNase activity residing in the glycoprotein
En" is inactivated. Preferably, the pestivirus, in particular the BVDV
according to the invention has a C-protein which is not mutated except for
the amino acid at position 2 which is changed from D to N. Therefore,
[C-terml is the same as [C-term] but with a mutation at position 2 of the C-
15protein (N instead of I)); if "y" is = 0 (means no [PS] present) then"x" is
0 to 12, (means no NI' specific amino acid or Ito 12 amino acids of NPn,
preferably of theN-terminus of NI", are present); if "y" is = 1 (means [PSI is
present) then "x" is 0 to 168; (means no NP" specific amino acid or Ito all
168 amino acids of NI'', preferably of the N-terminus of NP"), are present).
Also more preferably, the mutation(s) in the coding sequence for Nw lead
to an encoded polyprotein as characterized by the following formula:
NP`])..[PS]o-[C-terrn1 and wherein the definitions are as defined above. A
specific example thereof is disclosed below, wherein the N-terminal
methionine is followed by the C-protein and any other protein present in
the polyprotein including the carboxyterminal NS5B Hence, most
preferably, the allenunated BVDV as described herein is encoded by a
polyprotein as characterized by the following formula: 30M[C-term]. and
wherein the definitions are as defined above. 33  Also more preferably,
the invention relates to a combination vaccine for the treatment and/or
prophylaxis of cattle against microbiological infections, wherein said
vaccine comprises an attenuated f3VDV that is modified in the coding
regions of the En" as described above and/or in the Nr", wherein said
mutation(s) in the coding sequence for br" leads to an encoded
polyprotein as 5characterized by the following formula, [
NP`13-[PS]04C-terrn! and wherein the definitions are as defined above. A
further specific example of an attenuated BVDV is disclosed below,
wherein the N-terminal 10 methionine is followed by the NT" sequence EL
and the C-protein and any other protein present in the polyprotein
including the carboxyterminal NS5B. Hence, most preferably, the
attenuated BVDV as described herein is encoded by a polyprotein as
characterized by the following formula: WIEL-[C-term] and wherein the
definitions are as defined above. IS Also more preferably, the invention
relates to a combination vaccine for the treatment and/or prophylaxis of
cattle against microbiological infections, wherein said vaccine comprises
an attenuated BVDV that is modified in the coding regions of the Er" as
described above and/or in the NY're, wherein said mutation(s) in the
coding sequence for NF leads to an encoded polyprotein as
20characterized by the following formula: 



[ Nr]4-IPS10-[C-termi and wherein the definitions are as defined above. A
further specific example of BVDV is disclosed below, wherein the
N-terminal methionine is 25 followed by the NF sequence ELF (SEQ ID
NO 18) and the C-protein and any other protein present in the polyprotein
including the carboxyterminal NS5B. Hence, most preferably, the
invention refers to a BVDV, wherein said mutation(s) in the coding
sequence for T' leads to an encoded polyprotein as characterized by the
following formula: MELF4C-term]. 30and wherein the definitions are as
defined above.  34  Also more preferably, the invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections, wherein said vaccine comprises an attenuated
BVDV that is modified in the coding regions of the Ems as described
above and/or in the NPul, wherein said mutation(s) in the coding
sequence for N"' leads to an encoded polyprotein as 5characterized by
the following formula:                                [ Nns-(11S1a-IC-terml and
wherein the definitions are as defined above. A further specific example of
an attenuated BVDV as described herein is given below, wherein the 10
N-terminal methionine is followed by the NI' sequence ELFSN (SEQ ID
NO 19) and the C-protein and any other protein present in the polyprotein
including the carboxyterminal NS5B. Hence, most preferably, the
invention relates to a combination vaccine for the treatment and/or
prophylaxis of cattle against microbiological infections, wherein said
vaccine comprises an attenuated BVDV that is modified in the coding
regions of the En'' as described above and/or in the INIPm, wherein said
15 mutation(s) in the coding sequence for Ni'm leads to an encoded
polyprotein as characterized by the following formula: MELFSNIC-term].
and wherein the definitions am as defined above, 20 A further specific
example of an attenuated BVDV as described herein is given below,
wherein the N-terminal rnethionine is followed by the NP"' sequence
ELFSNE (SEQ ID NO 20); ELFSNEL (SEQ ID NO 21); ELFSNELL (SEQ
ID NO 22); ELFSNELLY (SEQ ID NO 23); ELFSNELLYK (SEQ ID NO 24);
or ELFSNELLYKT (SEQ ID NO 25) and the C-protein and any other
protein present in the polyprotein including the carboxyterminal NS5B.
Hence, most preferably, the  25 invention relates to a combination vaccine
for the treatment and/or prophylaxis of cattle against microbiological
infections, wherein said vaccine comprises an anenuated BVDV that is
modified in the coding regions of the E" as described above and/or in the
NPrn, wherein said mutation(s) in the coding sequence for NF' leads to an
encoded polyprotein as characterized by the following formula:
30MELFSN1C-term]. MELFSNE-[C-lerm]; NIELFSNEL--[C-term]; 35
MEL FSNELL[C-termj; MELFSNELLY-K-terml; MELESNELLYK-
IC-TERM] MELFSNELLYKT- IC-TERMI $and wherein the definitions are
as defined above Also more preferably, the invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections, wherein said vaccine comprises an attenuated
BVDV that is modified in the coding regions of the En'' as described above
and/or in the to HP', wherein said mutation(s) in the coding sequence for
NP's leads to an encoded polyprotein as characterized by the following
formula: [ Nna-IPS1s-[C-lerrn*] and wherein the definitions are as defined
above except for the fact that the aminotenninal part of the C-protein is
changed, also as described above. 15 A further specific example of BVDV
is disclosed below, wherein the N-terminal methionine is followed by the
Nix sequence ELF and in the C-prorein sequence, the amino acid at
position 2 is changed from D to N. Therefore, the aminoterrninal C-protein
sequence is SNEGSK (SEQ ID NO 26), instead of SDEGSK (SEQ ID NO
27). Hence, most preferably, the invention relates to a 20 combination
vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections, wherein said vaccine comprises an attenuated
BVDV that is modified in the coding regions of the Ems as described
above and/or in the NI", wherein said mutation(s) in the coding sequence
for NI' leads to an encoded polyprotein as characterized by the following
formula: MELF[C-terrni, 25wherein in the C-protein the amino acid at
position 2 is changed from D to N, and wherein the definitions are as
defined above. Also more preferably, the invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections, wherein said vaccine comprises an 30
attenuated BVDV that is modified in the coding regions of the Ems as
described above and/or in the  36  NPrn, wherein said mutation(s) in the
coding sequence for NP' lead to an encoded polyprotein as characterized
by the following formula [NPTh-IPS[14C-term), wherein the definitions are
as defined as above, 5and wherein PS is any of the PS disclosed above,
and more preferably selected from the group of ubiquitin or LC3. A further
specific example of BVDV is disclosed below, wherein the N-terminal
tnethionine is followed by any 21 or 28 NP" amino acids, ubiquitin or LC3,
and the C-protein. Hence most to preferably, the invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections, wherein said vaccine comprises an attenuated
BVDV that is modified in the coding regions of the En' as described above
andier of the NP', wherein said mutation(s) in the coding sequence for
NI'm lead to an encoded polyprotein as characterized by the following
formula: 15[NP11224PSIAC-tem4 wherein preferably, the PS is ubiquitin
or LC3 or [NP129-[PS]r[C-term], wherein preferably, the PS is ubiquitin or
LC3. Ubiquitin is a well known highly conserved cellular protein of 76
amino acids. Among other functions, ubiquitin is a key player in protein
catabolism since conjugation with ubiquitin can math 20 a protein for
degradation via the proteasome. Ubiquitin conjugated with or fused to
other proteins via the carboxyterminal g,lyeine can be cleaved off by
cellular ubiquitin-specific proteases. Thus, fusion of a protein to the
carboxyterminus of ubiquitin will usually result in defined proteolytic
cleavage of the fusion protein into its components when expressed within
a cell. 25LC3 (light chain 3 of microtubule associated proteins) represents
a cellular protein of 125 amino acids that serves a variety of functions
(length given for bovine LC3). Recently, a fundamental role of the protein
in autophagy has been defined. During this process, LC3 is activated by
carboxyterminal cleavage. Thereby, a new carboxyterminus is generated
that consists of glycine. LC3 is then conjugated via the carboxyterminal
glycine to phosphatidylethanolamine present in the 30 membranes of
autophagic vesicles. Because of this process, a protein fused to the
carboxyterminus of LC3 will be cleaved off by a cellular protease at a
defined position. 37  Also more preferably the invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections, wherein said vaccine comprises an attenuated
BVDV that is modified in the coding regions of the Emu as described
above and/or in the 5 NE, wherein said mutation(s) in the coding
sequence for NE lead to an encoded polyprotein as characterized by the
following formula selected from the group of : [Nl"]2-[ES],-[C-terml and
preferably ME-[PS],-[C-term], [NE15-1PS]y-[C-terrn] and preferably
MELFS-(PSj54C-temi]; 



[NE174E81,4E-term] and preferably MELFSNE-EPS3).-[C-termj;
to[1'1P1s4PS],-(C-term] and preferably MELFSNEL4PS]r[C-termt,
INE119-(PS),,-[C-terrnj and preferably MELFSNELL4PSHC-term];
[NE1,04PS1,-[C'1erm] and preferably MELFSNELLY1PS1,-IC-terml,
1:NE111-[PS1,-[C-ternil and preferably MELFSNELLYK4PSHC-term]; and
i2-[PS)5-[C-term] and preferably MELFSNELLYKT4PS]r1C -terra] 15and
wherein the definitions are as defined as above. The preferably disclosed
embodiments refer to BVDV. Most preferably, y is 0 (no PS present).
Suitable ERNs NE double mutants of BVDV include those listed in the
table below: 20 Table: BVDV ERn NPR" double mutants: 38
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKnDEGSK- el ME-, MEL-, MELF-, MELFSN-, MELFSNEL-,
MELFSNELL-, MELFSNELLY-, MELFSNELLYK-,or MELFSNELLYKT-,
MESDEGSK- . MELFSSDEGSK- ,MELFSNESDEGSK-.
MELFSNELSDEGSK-, MELFSNELLSDEGSK-, MELFSNELLYSDEGSK-,
MELFSNELLYKSDEGSK-, MELFSNELLYKTSDEGSK- W303G ME-,
MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-, MELFSNELLY-,
MELFSNELLYK-,or MELFSNELLYKT-, MESDEGSK- , MELFSSDEGSK-
,MELFSNESDEGSK-, MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK- P304del ME-, MEL-, MELF-, MELFSN-,
MELFSNEL-, MEL S  MELFSNELLY-, MELFSNELLYK-.or
MELFSNELLYKT-, MESDEGSK- , MELFSSDEGSK-
,MELFSNESDEGSK-, MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK- E305A ME-, MEL-, MELF-, MELFSN-,
MELFSNEL-, MELFSNELL-, MELFSNELLY-, MELFSNELLYK-,or
MELFSNELLYKT-, MESDEGSK- , MELFSSDEGSK-
,MELESNESDEGSK-, MELFSNELSDEGSK-, MELFSNELLSDEGSKA
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK- CMG ME-, MEL-, MELF-, MELFSN-,
MELFSNEL-, MELFSNELL-, MELFSNELLY-, MELFSNELLYK-,or
MELFSNELLYKT-, MESDEGSK- , MELFSSDEGSK-
,MELFSNESDEGSK-, MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK- R343G ME-, MEL-, MELF-, MELFSN-,
MELFSNEL-, MELFSNELL-, MELFSNELLYA MELFSNELLYKAor
MELFSNELLYKT-, MESDEGSK- , MELFSSDEGSK-
,MELFSNESDEGSK-, MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK- E345d ME-, MEL-, MELF-, MELFSN-,
MELFSNEL-, MELFSNE MELFSNELLY-, MELFSNELLYK-,or
MELFSNELLYKT-, MESDEGSK- , MELFSSDEGSK-
,MELFSNESDEGSK-, MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK- W3460     MEL-, MELF-. MELFSN-, ME F
NEL-, MELFSNELL-, MELFSNELLY-, MELFSNELLYK-,or
MELFSNELLYKT-, MESDEGSK- , MELFSSDEGSK-
,MELFSNESDEGSK-. MELFSNELSDEGSK-, MELFSNELLSDEGSKA
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
ELFSNELLYKTSDEGSK- 14348A ME-. MEL-, MELF-, MELFSN-,
MELFSNEL-, NIELL-,  MELFSNELLY-, MELFSNELLYKAor
MELFSNELLYKT-, MESDEGSK- , MELFSSDEGSK-
,MELFSNESDEGSK-, MELFSNELSDEGSK-, MELFSNELLSDEGSK-,  39
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK- K.348R ME-, MEL-, MELF-, MELFSN-,
MELFSI9EL-, MELFSNELL-, MELFSNELLY-, MELFSNELLYK-,or
MELFSNELLYKT-, MESDEGSK- . MELFSSDEGSK-
,MELFSNESDEGSK-, MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK- Ii349K ME-, MEL-, MELF-, MELFSN-,
MELFSNEL-, MELFSNELL-, MELFSNELLY-, MELFSNELLYK-,or
MELFSNELLYKT-, MESDEGSK- , MELFSSDEGSK-
,MELFSNESDEGSK-, MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK- H349L ME-, MEL-, MELF-, MELFSN-,
MELFSNEL-, MELFSNELL-, MELFSNELLY-, MELFSNELLYK-,or
MELFSNELLYKT-, MESDEGSK- , MELFSSDEGSK-
.MELFSNESDEGSK-, MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYICSDEGSK-,
MELFSNELLYKTSDEGSK- H349Q E-"ELF-, MELFSN-, MELFSNEL-,
MELFSNELL-, MELFSNELLY-, MELFSNELLYK-,or MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- ,MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-. MELFSNELLYSDEGSK-,
MELFSNELLYKSDEGSK-, MELFSNELLYKTSDEGSK- H349del ME-,
MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-, MELFSNELLY-,
MELFSNELLYK-,or MELFSNELLYKT-, MESDEGSIC- , MELFSSDEGSK-
,MELFSNESDEGSK-. MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK- H349SV (mutation 1134 and insertion of V)
ME-. MEL-, MELF-, MELFSN-, MELFSNEL-, MELESNEW.
MELFSNELLY-, MELFSNELLY1c,or MELFSNELLYKT-. MESDEGSK- ,
MELFSSDEGSK- ,MELFSNESDEGSK-, MELFSNELSDEGSK-,
MELFSNELLSDEGSK-, MELFSNELLYSDEGSK-,
MELFSNELLYKSDEGSK-, MELFSNELLYKTSDEGSK- W3511, ME-,
MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-, MELFSNELLY-,
MELFSNELLYK-,or MELFSNELLYKT-, MESDEGSK- , MELFSSDEGSK-
,MELFSNESDEGSK-, MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK. W35 I K ME-, MEL-, MELF-, MELFSN-,
MELFSNEL-, MELFSNELL-, MELFSNELLY-, MELFSNELLYK-,or
MELFSNELLYKT-, MESDEGSK- . MELFSSDEGSK-
,MELFSNESDEGSK-, MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-.
MELFSNELLYKTSDEGSK- 001111349L ME-, MEL-, MELF-,
MELFSN-,NEL-, MELFSNELL-, MELFSNELLY-, MELFSNELLY/Ccor
MELFSNELLYKT-. MESDEGSK- , MELFSSDEGSK-
,MELFSNESDEGSK-, MELFSNELSDEGSK-, MELFSNELLSDEGSK-,  40



MELFSNELLYSDEGSKA MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK- 11300K1H349K ME., MEL-, MELF-,
MELFSN-, MELFSNELA MELFSNELL-, MELFSNELLY-,
MELFSNELLYK-mr MELFSNELLYKT-, MESDEGSK- . MELFSSDEGSK-
NIELFSNESDEGSK-. MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK- H300K/H349L ME-, NIEL-, MELF-, MELFSN-,
MELFSNEL-, MELFSNELL-, MELFSNELLY-, MELFSNELLYKAor
MELFSNELLYKT-, MESDEGSK- , MELFSSDEGSK-
,MELFSNESDEGSK-, MELFSNELSDEGSKA MELFSNELLSDEGSK-,
MELFSNELLYSDEGSKA MELFSNELLYKSDEGSKA
MELFSNELLYKTSDEGSK- W3030/E305A ME-, MEL-, MELF-, MELFSN-,
MELFSNEL-, MELFSNELL-, MELFSNELLY-, MELFSNELLYK-,or
MELFSNELLYKT-, MESDEGSK- , MELFSSDEGSK-
,MELFSNESDEGSKA MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK- K34gdel/11349de1 ME-. MEL-, MELF-,
MELFSN-, MELFSNEL-, MELFSNELL-, MELFSNELLY-,
MELFSNELLYKAor MELFSNELLYKTA MESDEGSK- , MELFSSDEGSK-
,MELFSNESDEGSK-, MELFSNELSDEGSK-, MELFSNELLSDEGSKA
MELFSNELLYSDEGSKA MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK- E345de1/H349de1 H349deUG350del ME-,
MEL-, MELF-, MEI-ESN-, MELFSNEL-, MELFSNELL-, MELFSNELLYA
MELFSNELLYKAor MELFSNELLYKTA MESDEGSK- , MELFSSDEGSK-
,MELFSNESDEGSKA MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK- ME-, MEL-, MELF-, MELFSNA MELFSNEL-,
MELFSNELLA MELFSNELLY-, MELFSNELLYK-,or MELFSNELLYKTA
MESDEGSK- , MELFSSDEGSK- ,MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSKA MELFSNELLYSDEGSK-,
MELFSNELLYKSDEGSK-, MELFSNELLYKTSDEGSK-
L299de1/14300del/G301 del ME-, MEL-, MELF-, MELFSN-, MELFSNEL-,
MELFSNELL-, MELFSNELLY-, MELFSNELLYKAor MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- ,MELFSNESDEGSKA
MELFSNELSDEGSK-, MELFSNELLSDEGSK-, MELFSNELLYSDEGSKA
MELFSNELLYKSDEGSK-, MELFSNELLYKTSDEGSK-
L299del/H300del/G30I del ME-, MEL-, MELF-, MELFSN-, MELFSNEL-,
MELFSNELL-, MELFSNELLYA MELFSNELLYKAor MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- ,MELFSNESDEGSKA
MELFSNELSDEGSK-, MELFSNELLSDEGSK-, MELFSNELLYSDEGSK-,
MELFSNELLYKSDEGSK-, MELFSNELLYKTSDEGSK-  The 145w
-mutations are defined by their remaining amino telminal sequences. For
example; MELFmutant means that the coding region of N" is completely
deleted except of the amino terminal amino acids MELF. 41  According to
one embodiment of the present invention, the anenumed BVDV of the
combination vaccine as provided herein is a BVDV type I. Preferably, the
attenuated DVDV is based on one of the following BVDV type I strains:
NADL, Osloss, SD-I, CP7 or KE9, wherein each of the strains  5
comprises at least one of the ERNs and/or NPTh mutations as described
above, and preferably at least one of the double-muta.nts within the ERNS
and N" region as listed in the table above. According to a further
embodiment, said attenuated BVDV of the combination vaccine as
provided herein is a BVDV type 2. Preferably, the attenuated BVDV is
based on one of the following BVDV type 2 strains: 890, C4I3, or New-
York'93C, wherein each of the strains comprises at least one or the Ern's
toend/or Nr" mutations as described above, and preferably at Least one of
the double-mutants within the ERNS and Ms region as listed in the table
above. BVDV-I and BVDV-2 are differentiated according to features of
their genomic sequences (Heinz et al., 2000 and references therein).
BVDV-I as disclosed herein may be used in the manufacture of a Is
composition for use in the prevention and/or treatment of BVDV type 1
infections in breeding stocks of cattle, in pregnant cows and in the
induction of fetal protection against BVDV type 1 infection is pregnant
cows. Surprisingly, a BVDV-2 as disclosed herein may be used in the
manufacture of a combination vaccine for use in the prevention and/or
treatment of BVDV type I infections in breeding stocks of cattle. In
particular, the invention relates to the use of a BVDV type 20 2 as
described herein in the manufacture of a combination vaccine for use in
the prevention and/or treatment of BVDV type I infections in pregnant
cows. Preferably, the BVDV type 2 as provided herein may be used in the
manufacture or a combination vaccine for use in the induction of Petal
protection against BVDV type 1 infections in pregnant cows. Surprisingly
also, a BVDV-1 as disclosed herein may be used in the manufacture of a
combination vaccine for use in the prevention  25 and/or treatment of
BVDV type 2 infections in breeding stocks of cattle. In particular, the
invention relates to the use of a BVDV type I as described herein in the
manufacture of a combination vaccine for use in the prevention and/or
treatment of FIVDV type 2 infections in pregnant cows. Preferably, the
BVDV type I according to the invention may be used in the manufacture of
a combination vaccine for use in the induction of fetal protection against
BVDV type 2 infections in 30 pregnant cows. Most preferred is the use of
BVDV type I and type 2 in combination for the manufacture of the
combination vaccines described herein for use in the prevention and/or
treatment of BVDV type I and or type 2 infections in breeding stocks of
cattle, in pregnant cows and in the induction of fetal 42   protection against
BVDV type 1 and/or type 2 infections in pregnant cows. Thus, preferably
the combination vaccines provided herewith comprise one or more
attenuated BVDV type 1 and type 2 as desribed above. For example, the
combination vaccines provided herewith comprise an attenuated BVDV of
type 1 and type 2, based on the strains: NADL/890; NADL/C413; 5
NADL/NewYork'93/C; CP7/890; CP7/C413; CP7/NewYork93/C; KB9/890;
KE9/C413; KE9/NewYorle93/C, wherein each of the strains comprises at
least one of the ERNS and/or NI" mutations as described above and more
preferably at least one of the double-mutants within the ER"'s and NI"
region as listed in the table above. More preferably, any of the
combination vaccines provided herewith may include one of more
sub-hypes of attenuated BVDV type I and one or more 10 sub-types of
attenuated BVDV-2, e.g one or more attenuated BVDV of sub-types la, lb,
lc, Id, le, If, Ig, lh, and the like and one or more attenuated BVDV of
sub-types 2a, 2b and the like. Most preferred is a combination vaccine
comprising attenuated BVDV of sub-types la, I b, and 2a. Thus, according
to a preferred embodiment of the present invention, the phrase
"attenuated BVDV (types 1 and/or 2)" includes but is not limited to
combinations of BVD viruses comprising one or more IS attenuated BVDV
of type I, preferably of sub-type lb and one or more attenuated BVDV of
type 2, preferably of subtype 2a. According to further embodiment of the
present invention the phrase -attenuated BVDV (types I and/or 2)"
includes but is not limited to combinations of BVI3 viruses comprising one
or more "attenuated BVDV of sub-type la, one or more attenuated BVDV
of subtype lb, and one or more attenuated BVDV of type 2, preferably of
sub-type 2a. 20 If more than one attenuated BVITV is used in the
combination vaccines as described herein, each of the attenuated BVDV
should mutated in same genomic site of the ER?" and/or the NI" such that
the none of the attenuated BVDV can recombine with any of the others to
eliminate the mutations which are essential and responsible for the
attenuation of the viruses. For example if BVDV type la 25 with one of the
following ERIsIs mutton is used: 11349K, H349L, F1349del, H349Q,
14349SV (mutation 11349S and insertion of V), a BVDV type lb and/or
type 2 should be used, which are/is mutated in the same site of the ERI'ls,
i.e. at position 349 or at amino acid position which corresponds to position
349 of BVDV type 1 in order to avoid revertation of attenuated BVDV type
or type 2. This principle also applies to any mutation within the NI" region.
Thus, according to a 30 ',referee' embodiment of the present invention,
the phrase "attenuated BVLIV (types 1 and/or 2)" includes but is not
limited to combinations of BVD viruses comprising one or more attenuated
BVDV of type 1 and one or more attenuated BVDV of type 2, wherein
each of the attenuated BVDV is mutated in same genomic site of the E5
and/or the NI" such that none of the attenuated BVDV can recombine with
any of the others to eliminate the mutations within the ERNs and NP'" 43
which are essential and responsible for the attenuation of the viruses.
According to another embodiment of the present invention, the phrase
"attenuated BVDV (types I and/or 2)" includes, but is not limited to, a
combination of BVD viruses comprising one or more attenuated BVDV of
sub-type la, one or more attenuated BVDV of sub-type lb, and one or
more attenuated BVDV of 5 type 2, preferably of sub-type 2a, wherein
each of the attenuated BVDV is mutated in same genomic site of the Ems
and/or the NP' such that none of attenuated BVDV can recombine with
any of the others to eliminate the mutations within the ER Ns and/or NP"
which are essential and responsible for the attenuation of the viruses. 10
Preparation of the attenuated IIVDV Another important aspect of the
invention is a method for attenuating a pestivirus, characterized in that at
least one mutation in the coding sequence for glycoprotein En' and/or at
least another mutation in the coding sequence for NP`' is generated in the
BVDV genome. 15 According to a more preferred embodiment, said
method comprises the steps:   a) reverse transcription of a wild-type
pestivirus nucleotide sequence into a cDNA; b) cloning said cDNA;   c)
introducing mutations selected from the group of deletions, insertion
mutations and/or substitution mutations into said cDNA, wherein said
mutations are located in the coding 20sequence encoding glycoprotein
Ern' and/or the protease Nr, d) incorporating the cDNA into a plasmid or
into a DNA virus capable of directing the transcription of DVDV cDNA into
RNA in vitro or upon infection of suitable cells.      Regarding the method
for attenuating a BVDV according to the invention, said preferred method
25comprises the steps:   a) reverse transcription of awild-type BVDV
nucleotide sequence into a cDNA; b) cloning said cDNA;   c) introducing
mutations selected from the group of deletions, insertion mutations and/or
substitution mutations into said cDNA, wherein said mutations are located
in the coding 30sequence encoding glycoprotein Em' and/or the protease
NP", d) incorporatinb the cDNA into a plasmid or into a DNA virus capable
of directing the transcription of BVDV cDNA into RNA in vitro or upon
infection of suitable cells.  There are several nucleotide sequences known
in the art, which represents the basis for the production of a
polynucleotide molecule coding for a BVDV attenuated as decrihed
herein, having at least one mutation in the coding sequence of br and/or at
least one in the coding sequence of glycoprotein En*, wherein said
mutations result in a combined inactivation of the RNase activity 5 residing
in glycoprotein En" and in the inactivation of the immunomodulating
activity residing in NP"'. Examples of nuclecic acid sequences of wild-type
sequences of several DVDVstrains are listed below: Bovine viral diarrhea
virus I  Strain NADLNCB! GenBank Accession No.  M31 1821 



Strain OslossNCBI GenBank Accession No. 1M966871 Strain SD-INCB1
GenBank Accession No. JM96751/ Strain CrNCB! GenBank Accession
No. JU634791 Strain KE9(SEQ ID NO:]) Bovine viral diarrhea virus 2
Strain 890NCB! GenBank Accession No. I U180591. Strain C413NCB]
GenBank Accession No. 1AF0022271 Strain NewYork'931CNCB]
GenBank Accession No. 1AF5023991 The mutations/modifications
relating to the coding sequences of Nfr and En's are described above ri
more in detail. Having this information, a person skilled in the an is able to
realize the manufacture of any polynucleotide/polynucleic acid coding for
an attenuated BVDV as provided herewith. Molecular methods for
introducing a mutation into a polynueleotide sequence, as well as the
cloning and amplification of said mutated polynucleotide are for example
provided by Sambrook et al. 1989 or Ausubel at al. 1994. 15 Most
preferably, the wild type BVDV which is to be mutated as disclosed herein
corresponds to amino acid sequence SEQ ID No. 5 (termed X1KE A) or is
a functional variant thereof Most preferably also, the BVDV has a Wm
mutation as described herein corresponding to amino acid sequence SEQ
ID No. 6 (termed XIKE-A-NdN) or is a functional variant thereof.
Preferably, such a 20 functional variant is at least 65% homologous to the
amino acid sequence disclosed herein. On the amino acid level,
homologies are very roughly: BVDV-1/-13VDV-1: 93%;
13VDV-1/-BVEN-2: 84%; BVDV-2/-BVDV-2: 98%. Therefore, more
preferably, such a functional variant is at least 45   70%, 71%, 72%, 73%,
74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89% or 90% homologous to the amino acid sequence
disclosed herein. More preferably also, such functional variant is at least
91%, 92%, 93%, 94%, 95%, 96%, 97% or 98% homologous to the amino
acid sequence disclosed herein. Most preferably, such functional variant is
at least 5 99% or 99.9% homologous to the amino acid sequence
disclosed herein. Most preferably also, the attenuated BVDV as described
herein has a Er mutation which has a deletion of the melon coding for
histidine 349 (termed XIKE-B), or is a functional variant thereof Most
preferably also, the attenuated BVDV has both a Ems mutation and/or a
Nv" mutation as to described herein, wherein the codon coding for
histidine 349 of En" is deleted and also the complete Nv" coding region is
deleted, except for codons I to 4, thus amino acids hilELF of No" remain.
Said double mutant corresponds to amino acid sequence SEQ ID No. 8
(termed XIKE-B-NdN) or is a functional variant thereof Preferably, such a
functional variant is at least 65% homologous to the amino acid sequence
disclosed herein. More preferably, such a functional variant is at least
70%, 15 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89% or 90% homologous to the
amino acid sequence disclosed herein. More preferably also, such
functional variant is at least 91%, 92%, 93%, 94%, 95%, 96%, 97% or
98% homologous to the amino acid sequence disclosed herein. Most
preferably, such functional variant is at least 99% or 99.9% homologous to
the amino acid sequence disclosed herein. 20 Most preferably also, the
BVDV according to the invention has an En' mutation according to the
invention which has a substitution of the codon coding for histidine 300 by
the codon coding for leonine (termed XIICE-C), or is a functional variant
thereof Most preferably also, the BVDV according to the invention has
both a Enw mutation and a NPR' mutation according to the invention, 25
wherein the codon coding for histidine 300 is substituted by the codon
coding for leucine and also the complete NI)" coding region is deleted,
except for sedans Ito 4, thus amino acids MELF of h10" remain. Said
mutant corresponds to amino acid sequence SEQ ID No, 10 (termed
XTKE-C NdN) or is a functional variant thereof Preferably, such a
functional variant is at least 65% homologous to the amino acid sequence
disclosed herein. More preferably, such a functional variant is at least 30
70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89% or 90% homologous to the
amino acid sequence disclosed herein. More preferably also, such
functional variant is at least 91%, 92%, 93%, 94%, 95%, 96%, 97% or
98% homologous to the amino acid sequence disclosed herein. Most
preferably, such functional variant is at least 99% or 99.9% homologous to
the amino acid sequence disclosed herein. 46  Combination partners:  As
described above, the present invention relates to a combination vaccine
for the treatment and/or prophylaxis of cattle against microbiological
infections, wherein said combination vaccine 5 comprises attenuated
BVDV (types I and/or 2) as decribed above, and at least one further
immunological active component effective for the treatment and/or
prophylaxis of infections caused by a bovine pathogen other than BVDV.
As mentioned above, the combination vaccine preferably comprises
attenuated BVDV type I and BVDV type 2, both having at least one
mutation in the coding sequence for glycoprotein Era' and/or at least
another mutation in the coding sequence for to Nrw", wherein said
mutation in the coding sequence for glycoprotein E'' leads to inactivation
of RNase activity residing in Ern' and/or said mutation in the coding
sequence for NPrn leads to inactivation of said Nm. Even more preferably,
each of the attenuated BVDV is mutated in same genomic site of the
ERNs and/or the NI'm such that none of the attenuated BVDV can
recombine with any of the others to eliminate the mutations within the
ERN8 and/or NP". which are essential and 15 responsible for the
attenuation of the viruses. Even more preferably, the combination vaccine
comprises attenuated BVDV type I and BVDV type 2, both having at least
one mutation in the coding sequence for glycoprotein Er"' and at least
another mutation in the coding sequence for NP", wherein said mutation in
the coding sequence for glycoprotein leads to inactivation of RNase
activity residing in D.' and/or said mutation in the coding sequence for Nr"
leads to inactivation of 20 said Nm. Most preferably, each of the
attenuated BVDV is mutated in same genomic site of the Em`s and the
NPN' such that none of the attenuated BVDV can recombine with any of
the others to eliminate the mutations within the ERNs and/or tr, which are
essential and responsible for the attenuation of the viruses. 25 Relevant
bovine pathogens other than BVDV include but are not limited to: i)
pathogens of viral origin such as Parainfluenza-3 Virus (PI-3), Infectious
Bovine Rhinotracheitis virus (IBR), Bovine Respiratory Syncytial Virus
(BRSV), Bovine Herpesvirus (13FIV), Bovine Rotavinrs (BRV), Bovine
Enterovirus (BEV), Bovine Coronovirus (BCV), Bovine Rabies (BR),
Bovine Panmvirus (PPV), and Adenovirus and Astrovirus; ii) pathogens of
bacterial Origin, such as Mannheimia 30 haemolytica (formerly
Pasteurella haemolytica), Pasteurella muttocida, Haemophilus somnus
(Histophilus ovis and Haemophilus agni), Actinomyces (Corynebacterium),
Actinomyces pyogenes, Chlamydia psinaci, Campylobacter fetus
venerealis and Campylobacter fetus fetus (formerly C fetus intestinalis ),
Leptospira interrogans, Leptospira pomona, and Leptospira
grippotyphosa, Leptospira canicola, Leptospira grippotyphosa, Leptospira
hardjo (Leptospira hardjoprajitno and 47  Leptospira hardjo-bovis),
BruceIla abortus, BruceIla suit and Bmcella mehrensis, Listeria
monocytogenes, Chlamydia. psittaci, Clostridium chauvoei, Clostridium
septicurn, Clostridium haemolyticum, Clostridium amyl, Clostridium
sordellii, Clostridium perfringens, Clostridium temni, Moraxella bovis,
Klebsiella spp, Klebsiella pneumoniae, Salmonella typhimurium; 5
Salmonella newport, Mycobacterium aviurn paratuberculosis,
Staphylococcus aureus, Streptococcus dysgalactiae, and Streptococcus
uberus iii) pathogens of' other wigin, such as Mycoplasma dispar,
Mycoplasma bovis, and Ureaplasma spp., Tritrichornonas foetus,
Trichophyton vemicosum, Trichophyton mentagrophytes, Trichophyton
sarkisovii, Neospora caninum (formerly Toxoplasma gondii),
Cryptsporidium parvum, Cryptsporidium horninis, Babesia bigemina and
Babesia bovis, to and Dictyocaulus viviparous (Lungworm disease). Thus,
the present invention relates to a combination vaccine for the treatment
and /or prophylaxis of cattle against microbiological infections in cattle,
wherein said vaccine comprises attenuated BVDV (types I and/or 2) as
described herein and a further immunological active component effective
for i 5 the treatment and/or prophylaxis of infections caused by
Parainfluerua-3 Virus (PI-3), Infectious Bovine Rhinotracheitis virus (1BR),
Bovine Respiratory Syncytial Virus (BRSV), Bovine Herpesvirus (Bin'),
Bovine Rotavirus (BRV), Bovine Enterovirus (REV), Bovine Coronovirus
(BCV), Bovine Rabies (BR), Bovie Parvovirus (PPV), Adenovirus
Astrovirus, liviannheimia haemolytica (formerly Pasteurella haemolytica),
Pasteurella multocida, Haemophilus somnus 20 (Histophilus ovis and
Haemophilus agni), Actinomyces (Corynebacterium), Actinomyces
pyogenes, Chlamydia psittaci, Campylobacter fetus venerealis and
Campylobacter fetus fetus (formerly C fetus entestinalis ), Leptospira
interrogans, Leptospira pomona, and Leptospira grippotyphosa,
Leptospira canicola, Leptospira grippotyphosa, Leptospira hardjo
(Leptospira hardjoprajitno and Leptospira hardjo-bovis), Brucella abortus,
Brucella suit and Brucella melitensis, Listeria 25 monocytogenes,
Chlamydia psittaci, Clostridium chauvoei, Clostridium septicum,
Clostridium haemolyticum, Clostridium noNyi, Clostridium sordellii,
Clostridium perfringens, Clostridium tetani, Moraxella bovis, Klebsiella
spp, Klebsiella pneumoniae, Salmonella typhimurium; Salmonella
newport, Mycobacterium avium paratuberculosis, Clyptsporidium parvum,
Cryptsporidium hominis, Staphylococcus aureus, Streptococcus
dysgalactiae, Streptococcus uberus, 30 Mycoplasma app, Mycoplasma
diaper, Mycoplasma bovis, and Ureaplasma spp., Tritrichomonas foetus,
Trichophyton verrucosum, Trichophyton mentagrophytes, Trichophyton
sarkisovii, Neospora caninum (formerly Toxoplasma gondii), Babesia
bigernina and Babesia bovis, and Dictyocaulus viviparous (Lung-worm
disease). 48  According to a further embodiment, the present invention
relates to a combination vaccine for the treatment and for prophylaxis of
cattle against microbiological infections in cattle, wherein said vaccine
comprises attenuated B.VDV (types I and/or 2) as described herein and at
least one antigen of Parainfluenza-3 Virus (PI-3), Infectious Bovine
Rhinotracheitis virus (IBR), Bovine Respiratory 5 Syncytial Vtrus (BRSV),
Bovine Herpesvirus (BHV), Bovine Rotavirus (BRV), Bovine Enterovirtis
(BEV), Bovine Coronovirus (BCV), Bovine Rabies (BR), Bovine Parvovirus
(PPV), Adenovints Astrovirus, tvlannheimia baemolytica (formerly
Pasteurella haemolytica), Pastenrella multocida, Haemophilus serums
(Histophilus ovis and Haemophilta tuna Actinomyces (Cotynebacterium),
Actinomyces pyogenes, Chlamydia psinaci, Campylobacter fetus
venerealis and Campylobacter 0 fetus fetus (formerly C fetus intestinalis ),
Leptospira inten-ogans, Leptospira hardjo, Leptospira pomona, and
Leptospira grippotyphosa, Leptospira canicola, Leptospira grippotyphosa,
Leptospira hardjo (Leptospira hardjoprajitno and Leptospira hardjo-bovis),
Brunelle abortus, BruceIla suits and BruceIla melitensis, Listeria
monocytogenes, Chlamydia Ottani, Clostridium chauvoei, Clostridium
septicum Clostridium haemolyticum, Clostridium novyi, Clostridium
sordellii, 15 Clostridium perfringens, Clostridium tetani, Moraxella bovis,
Klebsiella spp, Klebsiella pneumoniae, Salmonella typhimurium;
Salmonella newport, Mycobacterium avium pamtuberculosis,
Cryptsporidium parvum, Crypisporidium hominis, Staphylt onnus aureus,
Streptococcus dysgalactian Streptococcus Mims, My copies= spp,
Mycoplasena dispar, Mycoplasma bovis, and Ureaplasma spp.,
Tritrichomonas foetus, Trichophyton verrucosum, 20 Tridmphyton
mentagrophytes, Trichophyton sarkisovii, Neospora caninum (formerly
Toxoptasma gondii), Babesia bigemina and Babesia bovis, and
Dictyocaulus viviparous (Lungworm disease) According to a further
embodiment, the present invention relates to a combination vaccine for
the treatment and/or prophylaxis of cattle against viral infections of the
respiratory and reproductive 25 systems in cattle, wherein the combination
vaccine comprises attenuated BVDV (types I and/or 2) as described
herein and at least one further immunological active component effective
for the treatment and/or prophylaxis of infections caused by ERR [combo
001], According to a preferred embodiment, the combination vaccine
comprises attenuated BVDV (types I and/or 2) as described herein and at
least one antigen of IBR [combo 002]. According to a preferred
embodiment, the IBR 30 antigen is a live modified virus [combo 003].
According to a further embodiment, the combination vaccine of attenuated
BVDV and IBR contains an antibiotic, e.g. neomycin, for preservation
[combo 004]. 49  According to a further embodiment, the present invention
relates to a combination vaccine for the treatment and/or prophylaxis of
cattle against viral infections of the respiratory and reproductive systems
in cattle, wherein the combination vaccine comprises attenuated BVDV
(types I and/or 2) as described herein and at least one further
immunological active component effective for the 5 treatment and/or
prophylaxis of infections caused by PI-3 [combo 0051. According to a
preferred embodiment, the combination vaccine comprises attenuated
BVDV (types I and/or 2) as described herein and at least one antigen of
PI-3 [combo 0061 According to a further embodiment, the present
invention relates to a combination vaccine for the to treatment and/or
prophylaxis of cattle against viral infections of the respiratory and
reproductive systems in cattle, wherein the combination vaccine
comprises attenuated BVDV (types 1 and/or 2) as described herein and at
least one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by BRSV [combo 0071.
According to a more preferred embodiment, the combination vaccine
comprises attenuated BVDV (types 1 and/or 2) as 15 described herein
and at least one antigen of BRSV [combo 00g]. 



According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
viral infections of the respiratory and reproductive systems in cattle,
wherein the combination vaccine comprises attenuated BVDV (types I
and/or 2) 20 as described herein and at least one further immunological
active component effective for the treatment and/or prophylaxis of
infections caused by BHV [combo 009]. According to a preferred
embodiment, the combination vaccine comprises attenuated Byrn/ (types I
and/or 2) as described herein and at least one antigen of BHV [combo
0101. 25 According to a further embodiment, the present invention relates
to a combination vaccine for the treatment and/or prophylaxis of cattle
against viral infections of the respiratory and reproductive systems in
cattle, wherein the combination vaccine comprises attenuated BVDV
(types I and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of infections caused by IBR and PI-3 [combo nal, According to
a 30 preferred embodiment, the combination vaccine comprises
attenuated BVDV (types 1 and/or 2) as described herein and at least one
antigen of [BR and PI-3 [combo 0121. According to a further embodiment,
the present invention relates to a combination vaccine for the treatment
and/or prophylaxis of cattle against viral infections of the respiratory and
reproductive 50   systems in cattle, wherein the combination vaccine
comprises attenuated BVDV (types 1 and/or 2) as described herein and at
least one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by 11111 and BRSV
[combo 013], According to a preferred embodiment, the combination
vaccine comprises attenuated BVDV (types I and/or 2) as 5 described
herein and at least one antigen of EBR and BR,SV [combo 0141.
According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
viral infections of the respiratory and reproductive systems in cattle,
wherein the combination vaccine comprises attenuated BVDV (types I
and/or 2) to as described herein and at least one further immunological
active component effective for the treatment and/or prophylaxis of
infections caused by IBR. and BEM [combo 0151. According to a
preferred embodiment, the combination vaccine comprises attenuated
BVDV (types I and/or 2) as described herein and at least one antigen of
IBR and BHV [combo 0161. 15 According to a further embodiment, the
present invention relates to a combination vaccine for the treatment and/or
prophylaxis of cattle against viral infections of the respiratory and
reproductive systems in cattle, wherein the combination vaccine
comprises attenuated BVDV (types 1 and/or 2) as described herein and at
least one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by P1-3 and BRSV
[combo 017]. According to a 20 preferred embodiment, the combination
vaccine comprises attenuated BVDV (types 1 and/or 2) as described
herein and at least one antigen of P1-3 and BRSV [combo 01111.
According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
viral infections of the respiratory and reproductive 25 systems in cattle,
wherein the combination vaccine comprises attenuated BVDV (types 1
and/or 2) as described herein and at least one further immunological
active component effective for the treatment and/or prophylaxis of
infections caused by P1-3 and IIHV [combo 010]. According to a preferred
embodiment, the combination vaccine comprises attenuated BVDV (types
1 and/or 2) as described herein and at least one antigen of PI-3 and BHV
[combo 020]. 30 According to a further embodiment, the present invention
relates to a combination vaccine for the treatment and/or prophylaxis of
cattle against viral infections of the respiratory and reproductive systems
in cattle, wherein the combination vaccine comprises attenuated BVDV
(types I and/or 2) as described herein and at least one further
immunological active component effective for the 51  treatment and/or
prophylaxis of infections caused by IBR, PI-3 and BRSV [combo 0211.
According to a preferred embodiment, the combination vaccine comprises
attenuated BVDV (types 1 and/or 2) as described herein and at least one
antigen of IBR, PI-3 and BRSV [combo 0221. Preferably, all viral antigens
are modified live viruses /combo 0231. According to a further 5
embodiment of said combination vaccine, the MR and PI-3 antigens are
modified live viruses and BRSV antigen is a killed virus [combo 0241.
According to a further embodiment of said combination vaccine, the IBR,
PI-3 and BRSV antigens are killed viruses [combo 02S). According to a
further embodiment, the present invention relates to a combination
vaccine for the 10 treatment and/or prophylaxis of cattle against viral
infections of the respiratory and reproductive systems in cattle, wherein
the combination vaccine comprises attenuated BVDV (types I and/or 2) as
described herein and at least one further immunological active component
effective for the treatment and/or prophylaxis of infections caused by 10R,
BRSV and BlIV [combo 0261. According to a preferred embodiment, the
combination vaccine comprises attenuated BVDV (types 151 and/or 2) as
described herein and at least one antigen of IBR, BRSV and BHV [combo
027j. According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
viral infections of the respiratory and reproductive systems in cattle,
wherein the combination vaccine comprises attenuated BVDV (types I
and/or 2) 20 as described herein and at least one further immunological
active component effective for the treatment and/or prophylaxis of
infections caused by P1-3, BRSV and BEIV [combo 0281. According to a
preferred embodiment, the combination vaccine comprises attenuated
BVDV (types 1 and/or 2) as described herein and at least one antigen of
PI-3, BRSV and BEIV [combo 0291. 25 According to a further
embodiment, the present invention relates to a combination vaccine for
the treatment and/or prophylaxis of cattle against viral infections of the
respiratory and reproductive systems in cattle, wherein the combination
vaccine comprises attenuated BVDV (types 1 and/or 2) as described
herein and at least one further immunological active component effective
for the treatment and/or prophylaxis of infections caused by 111R, PI-3
and BHV [combo 0301, According to to a preferred embodiment, the
combination vaccine comprises attenuated BVDV (types 1 and/or 2) as
described herein and at least one antigen of IBR. PI-3 and SHY [combo
0311. According to a further embodiment, the present invention relates to
a combination vaccine for the treatment and/or prophylaxis of cattle
against viral infections of the respiratory and reproductive 52  systems in
cattle, wherein the combination vaccine comprises attenuated BVDV
(types 1 and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of infections caused by IBR, PI-3, BRSV and BEIV [combo
0321. According to a more preferred embodiment, the combination
vaccine comprises attenuated BVDV 5(types 1 and/or 2) as described
herein and at least one antigen of IBR, PI-3, BRSV and BHV [combo
0331. According to a further embodiment, the present Invention relates to
a combination vaccine for the treatment and/or prophylaxis of cattle
against viral infections of the respiratory and reproductive to systems in
cattle, wherein the combination vaccine comprises attenuated BVDV
(types 1 and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of infections caused by H. somons [combo 034 According to a
more preferred embodiment, the combination vaccine comprises
attenuated BVDV (types 1 and/or 2) as described herein and at least one
antigen of H. soinnus [combo 0351 15 According to a further embodiment,
the present invention relates to a combination vaccine for the treatment
and/or prophylaxis of cattle against viral infections of the respiratory and
reproductive systems in cattle, wherein the combination vaccine
comprises attenuated BVDV (types I and/or 2) as described herein and at
least one further inununological active component effective for the 20
treatment and/or prophylaxis of infections caused by IBR and H. serums
[combo 0361. According to a more preferred embodiment, the
combination vaccine comprises attenuated BVDV (types I and/or 2) as
described herein and at least one antigen of H. somnus 'combo 0371,
According to a further embodiment, the present invention relates to a
combination vaccine for the 25 treatment and/or prophylaxis of cattle
against viral infections of the respiratory and reproductive systems in
cattle, wherein the combination vaccine comprises attenuated BVDV
(types I and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of infections caused by IBR, PI-3, and H. somnus [combo
038). According to a more preferred embodiment, the combination vaccine
comprises attenuated BVDV 30 (types 1 and/or 2) as described herein
and at least one antigen of 1BR, P1-3, and H. sornnus [combo 0391.
According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
viral infections of the respiratory and reproductive 53  systems in cattle,
wherein the combination vaccine comprises attenuated BVDV (types 1
and/or 2) as described herein and at least one further immunological
active component effective for the treatment and/or prophylaxis of
infections caused by IBR, P1-3, BRSV and H.. somnus [combo 0401.
According to a more preferred embodiment, the combination vaccine
comprises attenuated 5 BVDV (types 1 and/or 2) as described herein and
at least one antigen of MR, P1-3, BRSV and H. somnus Rombo 041J.
Preferably, all viral antigens are modified live viruses. According to a
further embodiment of said combination vaccine, the IBR and P1-3
antigens are modified live viruses, whereas the BRSV antigen is a killed
virus [combo 038]. According to a further embodiment of said combination
vaccine, the 1BR, P1-3 and BRSV antigens are killed viruses [combo
0421. to According to a further embodiment, any of said combination
vaccines, preferably the combination vaccine that comprises killed 1BR,
killed PI-3 and killed BRSV as antigens, contains neomycin and
thimerosal as preservatives [combo 043). According to a further
embodiment, the present invention relates to a combination vaccine for
the 15 treatment and/or prophylaxis of cattle against viral infections of the
respiratory and reproductive systems in cattle, wherein the combination
vaccine comprises attenuated BVDV (types I and/or 2) as described
herein and at least one further immunological active component effective
for the treatment and/or prophylaxis of infections caused by IBR, PI-3,
BRSV, BIN and H. seams [combo 044). According to a more preferred
embodiment, the combination vaccine comprises 20 attenuated BVDV
(types 1 and/or 2) as described herein and at least one antigen of IBR,
P1-3, BHV and H. somnus [combo 0451. According to a further
embodiment, the present invention relates to a combination vaccine for
the treatment and/or prophylaxis of cattle against infections of the
respiratory and reproductive systems 25 in cattle, wherein the combination
vaccine comprises attenuated BVDV (types 1 and/or 2) as described
herein and at least one further immunological active component effective
for the treatment and/or prophylaxis of infections caused by one or more
pathogenic specie(s) of Leptospira, preferably selected front Leptospira
canicola, Leptospira grippotyphosa, Leptospira borgpetersenii, Leptospira
hardjo (Leptospira hardjoprajitno and Leptospira hardjo-bovis), 



30 Leptospira praanno, Leptospim icterohaemmorrhagiae, Leptospira
bovis, Leptospira interrogans and Leptospira pomona [combo 0461.
According to a more preferred embodiment, the combination vaccine
comprises attenuated BVDV (types 1 and/or 2) as described herein and
antigen of at least one or more pathogenic specie(s) of Leptospira,
preferably selected from Leptospira canicola, Leptospira grippotyphosa,
Leptospira borgpetersenii, Leptospira hardjo (Leptospira hardjoprajitno 54
and Leptospira hardjo-bovis), Leptospira prajitno, Leptospira
icterohaemmorrhagiae, Leptospira bovis, Leptospirn interrogans and
Leptospira pomona [combo 0471. According to a further embodiment, the
present invention relates to a combination vaccine for the 5 treatment
and/or prophylaxis of cattle against infections of the respiratory and
reproductive systems in cattle, wherein the combination vaccine
comprises attenuated BVDV (types I and/or 2) as described herein and at
least one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by 1BR, and one or
more pathogenic specie(s) of Leptospira, preferably selected from
Leptospira canicola, Leptospira grippotyphosa, Leptospira to
borgpetersenii, Leptospira hardjo (Leptospira hardjoprajitno and
Leptospira hardjo-bovis), Leptospira prajitno, Leptospira
icterohaemmorrhagiae, Leptospira bovis, Leptospira interrogans and
Leptospira pomona [combo 0414. According to a more preferred
embodiment, the combination vaccine comprises attenuated BVDV (types
I and/or 2) as described herein and at least one antigen of [BR and one or
more pathogenic specie(s) of Leptospira, preferably selected from
Leptospira 15 canicola, Leptospira grippotyphosa, Leptospira
borgpetersenii, Leptospira hardjo (Leptospira hardjopritno and Leptospira
hardjo-bovis), Leptospira prajitno, Leptospim icterohaemmorrhagiae,
Leptospira bovis, Leptospira interrogans and Leptospira pomona [combo
0491. According to a further embodiment, the present invention relates to
a combination vaccine for the 20 treatment and/or prophylaxis of cattle
against infections of the respiratory and reproductive systems in cattle,
wherein the combination vaccine comprises attenuated BVDV (types I
and/or 2) as described herein and at least one further immunological
active component effective for the treatment and/or prophylaxis of
infections caused by 1BR and Leptospira nommen [combo 050].
According to a more preferred embodiment, the combination vaccine
comprises attenuated BVDV 25 (types 1 and/or 2) as described herein
and at least one antigen of IBR, preferably a live modified virus, and
Leptospira pomona bacterin [combo 511. According to a further
embodiment, the present invention relates to a combination vaccine for
the treatment and/or prophylaxis of cattle against infections of the
respiratory and reproductive systems 30 in cattle, wherein the combination
vaccine comprises attenuated BVDV (types 1 and/or 2) as described
herein and at least one further immunological active component effective
for the treatment and/or prophylaxis of infections caused by MR, P1-3,
and one or more pathogenic specie(s) of Leptospira, preferably selected
from Leptospira canicola, Leptospira grippotyphosa, Leptospira
borgpetersenii, Leptospira hardjo (Leptospira hardjoprajitno and
Leptospira hardjo- 55  bovis), Leptospira prajimo, Leptospira
icterolmenrunorrhagiae, Leptospira bovis, Leptospira interrogans and
Leptospira pomona [combo 0521. According to a more preferred
embodiment, the combination vaccine comprises attenuated EVDV (types
I and/or 2) as described herein and at least one antigen of 1139, PI-3 and
one or more pathogenic specie(s) of Leptospira, preferably selected 5
from Leptospira canicola, Leptospira grippotyphosa, Leptospira
borgpetersenii, Leptospira hardjo (Leptospira hardjoprajitno and
Leptospira hardjo-bovis), Leptospira prajitno, Leptospira
icterohaenernorrhagine, Leptospira bovis, Leptospira interrogans and
Leptospira pomona [combo 0531. to According to a further embodiment,
the present invention relates to a combination vaccine for the treatment
and/or prophylaxis of cattle against infections of the respiratory and
reproductive systems in cattle, wherein the combination vaccine
comprises attenuated BVDV (types I and/or 2) as described herein and at
least one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by 1139, P1-3,
Leptospira ca.nicola, Leptospira is grippotyphosa, Leptospira hardjo
(Leptospira hardjoprajilno and/or Leptospirs hardjobovis), Leptospira
icterohaemorrhagiae, and Leptospira pomona [combo 054]. According to
a more preferred embodiment, the combination vaccine comprises
attenuated BVDV (types I and/or 2) as described herein and at least one
antigen of IBR, P1-3, Leplospira canicola, Leptospira grippotyphosa,
Leptospira hardjo, Leptospira icterohaemorrhagiae, and Leptospira
pomona [combo 200551. According to a further embodiment, the present
invention relates to a combination vaccine for the treatment and/or
prophylaxis of cattle against infections of the respiratory and reproductive
systems in cattle, wherein the combination vaccine comprises attenuated
BVDV (types I and/or 2) as 25 described herein and at least one further
inmumological active component effective for the treatment and/or
prophylaxis of infections caused by 11310, P1-3, BRSV and one or more
pathogenic specie(s) of Leptospirs, preferably selected from Leptospira
canicola, Leptospira mippotyphosa, Leptospira borgpetersenii, Leptospira
hardjo (Leptospira hardjoprajitno and Leptospira hardjoboy's), Leptospira
prajitno, Leptospira icterohaemmorrhagiae, Leptospira bovis, Leptospira
30 inten-ogans and Leptospira pomona [combo 0561. According to a
more preferred embodiment the combination vaccine comprises
attenuated BVDV (types I and/or 2) as described herein and at least one
antigen of IBR, PI-3, BRSV and one or more pathogenic species of
Leptospira, preferably selected from Leptospira canicola, Leptospira
grippotyphosa, Leptospira borgpetersenii, Leptospira 56  prajimo,
Leptospira icterohaemmorrhagiae, Leptospira bovis, Leptospira
interrogans and Leptospira pomona (combo 057j. According to a further
embodiment, the present invention relates to a combination vaccine for
the 5  treatment and/or prophylaxis of cattle against infections of the
respiratory and reproductive systems in cattle, wherein the combination
vaccine comprises attenuated BVDV (types I and/or 2) as described
herein and at least one further immunological active component effective
for the treatment and/or prophylaxis of infections caused by IBR, PI-3,
BRSV, Leptospira eanicola, Leptospira mippotyphosa, Leptospira harakiri
(Leptospira handloprajitno and/or Leptospira io hardjo-bovis), Leptospira
icterobaemorrhagiae, and Leptospira pornona [combo OSSI. According to
a more preferred embodiment, the combination vaccine comprises
attenuated BVDV (types 1 and/or 2) as described herein and at least one
antigen of IBR, PI-3, BRSV, Leptospira canicola, Leptospira
grippotyphosa, Leptospira hardjo (Leptospira hardjoprajitno and/or
Leptospira hardjo-bovis), Leptospira icterohaemorrhagiae, and Leptospira
pomona [combo 0591. According to 15 a preferred embodiment, the viral
antigens are killed viruses and the bacterial antigens are bacterins [combo
060i. Preferably, said combination vaccines as described in this paragraph
further contain neomycin and thimerosal as preservatives [combo
According to a further embodiment, the combination vaccine comprises
attenuated BVDV (types I 20 and/or 2) as described herein, live modified
viruses of IBR, PI-3, BRSV, and bacterin of Leptospira canicola,
Leptospira grippotyphosa, Leptospira hardjo (Leptospira hardjoprajilno
and/or Leptospira bauljo-bovis), Leptospira icterohaemorchagiae and
Leptospira pomona [combo 062j. According to a further preferred
embodiment, the combination vaccine described in this paragraph
comprises neomycin as a preservative [combo 0631. 25 According to a
further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against infections of
the respiratory and reproductive systems in cattle, wherein the
combination vaccine comprises attenuated BVDV (types I and/or 2) as
described herein and at least one further immunological active component
effective for the 30 treatment and/or prophylaxis of infections caused by
IBR, BRSV, 1111V and one or more pathogenic specie(s) of Leptospire,
preferably selected from Leptospira canicola, Leptospira grippotyphosa,
Leptospira borgpetersenii, Leptospira hardjo (Leptospira hardjoprajilno
and Leptos-pira hardjo-bovis), Leptospira prajitno, Leptospira
icterohaerrunorrhagiae, Leptospira bovis, Leptospira interrogans and
Leptospira pomona [combo 0641. According to a more preferred 57
embodiment, the combination vaccine comprises attenuated BVDV (types
1 and/or 2) as described herein and at least one antigen of 1BR, PI-3,
BRSV, BEIV and one or more pathogenic specie(s) of Leptospira,
preferably selected from Leptospira canicola, Leptospira grippotyphosa,
Leptospira borgpetersenii, Leptospira hardjo (Leptospira hardjoprapino
and Leptospira hardjo-bovis), 5 Leptospira prajiino, Leptospira
icterohaemmorrhagiae, Leptospira bovis, Leptospira interrogans and
Leptospira pomona [combo 0651. According to a further embodiment, the
present invention relates to a combination vaccine for the treatment and/or
prophylaxis of cattle against microbiological infections in cattle, wherein
the to combination vaccine comprises attenuated BVDV (types I and/or 2)
as described herein and at least one further immunological active
component effective for the treatment and/or prophylaxis of infections
caused by one or more pathogenic specie(s) of Leptespira, as mentioned
above, and H. seraglios [combo 0661. According to a more preferred
embodiment, the combination vaccine comprises attenuated BVDV (types
I and/or 2) as described herein and at least antigen of one or 15 more
pathogenic species of Leptospira, as mentioned above, and H. somnus
[combo 0671. According to a further embodiment, the present invention
relates to a combination vaccine for the treatment and/or prophylaxis of
cattle against microbiological infections in cattle, wherein the combination
vaccine comprises attenuated BVDV (types 1 and/or 2) as described
herein and at least 20 one further immunological active component
effective for the treatment and/or prophylaxis of infections caused by IBR
and one or more pathogenic specie(s) of Leptospira, as mentioned above,
and H. sermons [combo 06/1], According to a more preferred
embodiment, the combination vaccine comprises attenuated BVDV (types
1 and/or 2) as described herein and at least one antigen of IBR and one or
more pathogenic species of Leptospira, as mentioned above, and H.
sonatas [combo 250691. According to a further embodiment, the present
invention relates to a combination vaccine for the treatment and/or
prophylaxis of cattle against microbiological infections in cattle, wherein
the combination vaccine comprises attenuated BVDV (types 1 and/or 2)
as described herein and at least 30 one further immunological active
component effective for the treatment and/or prophylaxis of infections
caused by MR, PII-3 and one or more pathogenic specie(s) of Leptospira,
as mentioned above, and H. somnus [combo 0701. According to a more
preferred embodiment, the combination vaccine comprises attenuated
BVDV (types 1 and/or 2) as described herein and at least one antigen 58
of IBR, 11-3, and one or more pathogenic species of Leptospira, as
mentioned above, and H. somnus (combo 0711. According to a further
embodiment, the present invention relates to a combination vaccine for
the 5 treatment and/or prophylaxis of cattle against infections of the
respiratory and reproductive systems in cattle, wherein the combination
vaccine comprises attenuated BVDV (types 1 and/or 2) as described
herein and at least one further immu.nological active component effective
for the treatment and/or prophylaxis of infections caused by IBR9 P1-39
Leptospkra canicola, Leptospira grippotyphosa, Leptospira hardjo
(Leptospira hardjoprajitno and/or Leptospira hardjo- 10 bovis), Leptospira
ictershaemorrhagiae, Leptospira pomona and H. sonmus [combo 0721.
According to a more preferred embodiment, the combination vaccine
comprises attenuated BVDV (types I and/or 2) as described herein and at
least one antigen of 113R, PI-3, Leptospira canicola, Leptospira
grippotyphosa, Leptospira bardjo (Leptospira hardjoprajitno and/or
Leptospira hardjobovis), Leptospira icterohaemorrhagiae, Leptospira
pomona, and H. somnus [combo 073]. l5 According to a further
embodiment, the present invention relates to a combination vaccine for
the treatment and/or prophylaxis of cattle against microbiological
infections in cattle, wherein the combination vaccine comprises attenuated
BVDV (types I and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of 20 infections caused by 1BR, P1-3, BRSV, and one or
more pathogenic specie(s) of Leptospira, as mentioned above, and H.
somnus /combo 0741. According to a preferred embodiment, the
combination vaccine comprises attenuated 13VDV (types I and/or 2) as
described herein and at least one antigen of IBR, P1-3, BRSV, and one or
more pathogenic species of Leptospira, as mentioned above, and H.
somnus [combo 0751. 25 



According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
infections of the respiratory and reproductive systems in cattle, wherein
the combination vaccine comprises attenuated BVDV (types I and/or 2) as
described herein and at least one further immunological active component
effective for the 30 treatment and/or prophylaxis of infections caused by
IBR, P1-3, BRSV, Leptospira canicola, Leptospira grippotyphosa,
Leptospira hardjo (Leptospirahardjo prajimo and/or Leptospira
hardjo-bovis), Leptospira icterohaemorrhagiae, Leptospint pomoua and R.
somnus [combo 076]. According to a more preferred embodiment, the
combination vaccine comprises attenuated BVDV (types 1 and/or 2) as
described herein and at least one antigen of 1BR, PI-3, BRSV, 59
Leptosp ra canicola, Leptospira grippotyphosa, Leptospira hardjo,
Leptospira icterohaemonhagiae, Leptospira pomona and 1-1 somnus
[combo 0771 According to a further embodiment, the present invention
relates to a combination vaccine for the 5 treatment and/or prophylaxis of
cattle against microbiological infections in cattle, wherein the combination
vaccine comprises attenuated BVDV (types 1 and/or 2) as described
herein and at least one further immunological active component effective
for the treatment andlor prophylaxis of infections caused by !BR, PI-3,
BRSV, BliV and one or more pathogenic specie(s) of Leptospira, as
mentioned above, and H. serums [combo 078]. According to a more
preferred embodiment, the to combination vaccine comprises attenuated
BVDV (types I and/or 2) as described herein and at least one antigen of
IBR, PI-3, BRSV, BHV and one or more pathogenic species of Leptospira,
as mentioned above and H. somnus [combo 079] According to a further
embodiment, the present invention relates to a combination vaccine for
the 15 treatment and/or prophylaxis of cattle against microbiological
infections in cattle, wherein the combination vaccine comprises attenuated
BVDV (types 1 and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of infections caused by one or more pathogenic specie(s) of
Leptospira, as mentioned above, and Campylobacter fetus [combo MI
According to a more preferred embodiment, the combination 20 vaccine
comprises attenuated BVDV (types I and/or 2) as described herein and at
least antigen of one or more pathogenic species of Leptospira, as
mentioned above, and Campylobacter fetus [combo 081], According to a
further embodiment, the present invention relates to a combination
vaccine for the 25 treatment and/or prophylaxis of cattle against infections
in cattle, wherein the combination vaccine comprises attenuated BVDV
(types I and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of infections caused by Leptospira eanicola, Leptospira
grippotyphosa, Leptospira bardjo (Leptospira bardlopraptuo and/or
Leptospira hardjo-bovis), Leptospira Icterobaemorrhagiae, Leptospira 30
pomona and Campylobacter fetus [combo 1182]. According to a preferred
embodiment, the combination vaccine comprises attenuated BVDV (types
I and/or 2) as described herein and at least antigen of Leptospira canicola,
Leptospira grippotyphosa, Leptospira hardjo (Leptospira hardjoprapino
and Leptospira hardjo-bovis), Leptospira Icterohaemorrhagiae, Leptospira
pomona and Campylobacter fetus [combo 083]. According to a more
preferred embodiment, the bacterial 60  antigens are chemically
inactivated, aluminum hydroxide adsorbed, whole cultures of said bacteria
[combo 084L According to a further preferred embodiment, said
combination vaccine comprises gentamicin and Amphotericin B as
preservatives (combo 085j. According to a further embodiment, the
present invention relates to a combination vaccine for the treatment and/or
prophylaxis of cattle against microbiological infections in cattle, wherein
the combination vaccine comprises attenuated BVDV (types I and/or 2) as
described herein and at least one further immunological active component
effective for the treatment and/or prophylaxis of infections caused by 1814
and one or more pathogenic specie(s) of Leptospira, as mentioned above,
to and Canapylobacter fetus (combo 084 According to a more preferred
embodiment, the combination vaccine comprises attenuated BVDV (types
I and/or 2) as described herein and at least one antigen of figlt and one or
more pathogenic species of Leptospira, as mentioned above, and Campy
lobacter fetus [combo 087]. 15 According to a further embodiment, the
present invention relates to a combination vaccine for the treatment and/or
prophylaxis of cattle against microbiological infections in cattle, wherein
the combination vaccine comprises attenuated BVDV (types I and/or 2) as
described herein and at least one further immunological active component
effective for the treatment and/or prophylaxis of infections caused by
1814, P1-3 and one or more pathogenic specie(s) of Leptospira, as
mentioned 20 above, and Crumpylobacter fetus (combo 088]. According
to a more preferred embodiment, the combination vaccine comprises
attenuated BVDV (types I and/or 2) as described herein and at least one
antigen of MR, O1-3, and one or more pathogenic species of Lemospira"
as mentioned above, and Campylobacter fetus (combo 089). 25
According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections in cattle, wherein the combination vaccine
comprises attenuated BVDV (types 1 and/or 2) as described herein and at
least one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by 1814, P1-3, BRSV,
and one or more pathogenic specie(s) of Leptospira, as 30 mentioned
above, and Campylobacter fetus (combo 0901. According to a more
preferred embodiment, the combination vaccine comprises attenuated
BVDV (types I and/or 2) as described herein and at least one antigen of
1814, P1-3, BRSV, and one or more pathogenic species of Leptospira, as
mentioned above, and Campylobacter fetus (combo 091). 61  According
to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections in cattle, wherein the combination vaccine
comprises attenuated BVDV (types I and/or 2) as described herein and at
least one further immunological active component effective for the
treatment and/or prophylaxis of 5 infections caused by IBR, P14, BRSV,
BRV, one or more pathogenic specie(s) of Leptospira, as mentioned
above, and Campylobacter fetus 1combo 0921. According to a more
preferred embodiment, the combination vaccine comprises attenuated
BVDV (types 1 and/or 2) as described herein and at least one antigen of
(BR, PL-3, BRSV, BHV and one or more pathogenic species of
Leptospira, as mentioned above, and Campylobacter fetus [combo 0931.
10 According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections in cattle, wherein the combination vaccine
comprises attenuated BVDV (types I and/or 2) as described herein and at
least one further immunological active component effective for the
treatment and/or prophylaxis of 15 infections caused by one or more
pathogenic specie(s) of Leptospira, as mentioned above, H. sonnies and
Caropylobacter fetus [combo 0941. According to a more preferred
embodiment, the combination vaccine comprises attenuated BVDV (types
I and/or 2) as described herein and at least antigen of one or more
pathogenic species of Leptospira, as mentioned above, H. sonmus and
Campylobacter fetus [combo 0951. 20 According to a further embodiment,
the present invention relates to a combination vaccine for the treatment
and/or prophylaxis of cattle against microbiological infections in cattle,
wherein the combination vaccine comprises attenuated BVDV (types I
and/or 2) as described herein and at least one further immunological
active component effective for the treatment and/or prophylaxis of 25
infections caused by 1BR, one or more pathogenic specie(s) of
Leptospira, as mentioned above, H. somnus and Campylobacter fetus
[combo 0961. According to a more preferred embodiment, the
combination vaccine comprises attenuated BVDV (types 1 and/or 2) as
described herein and at least one antigen of IBR, one or more pathogenic
species of Leptospira as mentioned above, H. somnus and Campy
lobacter fetus [combo 0971. 30 According to a further embodiment, the
present invention relates to a combination vaccine for the treatment and/or
prophylaxis of cattle against microbiological infections in cattle, wherein
the combination vaccine comprises attenuated BVDV (types I and/or 2) as
described herein and at least one further immunological active component
effective for the treatment and/or prophylaxis of 62  infections caused by
IBR, P1-3, and one or more pathogenic specie(s) of Leptospira, as
mentioned above, H. somnus and Campylobarter fetus !combo 098.I.
According to a preferred embodiment, the combination vaccine comprises
attenuated BVDV (types t and/or 2) as described herein and at least one
antigen of 1BR, PI-3, and one or more pathogenic species of LeMospira,
as mentioned 5 above, H. somnus and CampyMbacter fetus !combo 099].
According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections in cattle, wherein the combination vaccine
comprises attenuated BVDV (types I and/or 2) as described herein and at
least 10 one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by 113R, PI-3,
Leptospira canicolo Leptospira grippotyphosa, Leptospira hardjo,
Leptospira icterohaemorrhagiae, Leptospira pomona, H. somnus and
Campylobacter fetus [combo 1001. According to a further embodiment,
the combination vaccine comprises attenuated BVDV (types I and/or 2) as
described herein and at least one antigen of IBR., P1-3, Leptospira
canicola, It Leptospira grippotyphosa, Leptospira hardjo (Leptospira
hardjoprajitno and/or Leptospira hardjobovis), Leptospira
icterehaernorrhagiae, Leptospira pomona, H. thermos and Campylobacter
fetus [combo 101], According to a further embodiment, the present
invention relates to a combination vaccine for the 20 treatment and/or
prophylaxis of cattle against microbiological infections in cattle, wherein
the combination vaccine comprises attenuated BVDV (types I and/or 2) as
described herein and at least one further immunological active component
effective for the treatment and/or prophylaxis of infections caused by IBR,
P1-3, BRSV, and one or more pathogenic specie(s) or Leptospira, as
mentioned above, H. somnus and Campylobacter fetus [combo 102].
According to a more 25 preferred embodiment, the combination vaccine
comprises attenuated BVDV (types I and/or 2) as described herein and at
least one antigen of IBR, P1-3, BRSV, and one or more pathogenic
species of Leptospira, as mentioned above, H. somnus and
Campylobacter fetus [combo 100]. According to a further embodiment, the
present invention relates to a combination vaccine for the 30 treatment
and/or prophylaxis of cattle against microbiological infections in cattle,
wherein the combination vaccine comprises attenuated BVDV (types I
and/or 2) as described herein and as least one further immunological
active component effective for the treatment and/or prophylaxis of
infections caused by II3R, I11-3, BRSV, Leptospira canicola, Leptospira
grippotyphosa, Leptospira hardjo (Leptospira hardjoprajitno and/or
Leptospira hardjo-bovis), Leptospira icterohaemorrhagiae, 63  Leptospira
Pomona, H. somnus and Campylotoacter fetus /combo 1031. According to
a further embodiment, the combination vaccine comprises attenuated
BVDV (types I and/or 2) as described herein and at least one antigen of
II3R, PI-3, BRSV, Leptospira canicola, Lemospira grippotyphosa.
Leptospira hardjo (Leptospira hardjoprajitno and/or Leptospira
hardjo-bovis), Leptospira 5imerehaemorrhagiae, Leptospira pomona, H.
sornnus and Campylobacier fetus 1combo 1041. According to a. further
embodiment, the present invention relates to a combination vaccine for
the treatment mid/or prophylaxis of cattle against microbiological
infections in cattle, wherein the combination vaccine comprises attenuated
BVDV (types I and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of infections caused by Mk, P1-3, BRSV, BHV and one or
more pathogenic specie(s) of Leptospira, as mentioned above, H. simians
and Campylobacter fetus [combo 10S1 According to a more preferred
embodiment, the combination vaccine comprises attenuated BVDV (types
I and/or 2) as described herein and at least one antigen of IBR, PI-3,
BRSV, BEIV and one or more pathogenic 15 species of Leptospira, as
mentioned above, H. sonmus and Campylobacter fetus [combo 106j.
According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
infections of the respiratory and reproductive systems in cattle, wherein
the combination vaccine comprises attenuated BVDV (types I and/or 2) as
20 described herein and at least one further immunological active
component effective for the treatment and/or prophylaxis of infections
caused by BHV, BRSV, PI-3, IBR, Leptospira canicola, Leptospira
grippotyphosa, Leplospira borgpetersenii Leptospira hardjo (Leptospira
hardleerajitno and/or Leptospira hardjo-bovis), Leptospira prajimo,
Leptospira icterohaemmorrhagiae, Leptespira bovis, Leptospira
interrogans and Campylobacter fetus [combo 1071 According to a more
preferred 25 embodiment, the combination vaccine comprises attenuated
BVDV as described herein and at least one antigen of BEIV, BRSV, IBR,
PI-3, Leptospira canicola, Leptospira grippotyphosa, Leptospira
borgpetersenn Leptospira hardjo (Leptospira hardjoprajitno and/or
Leptospira hardjo-bovis), Leptospira prajitno, Leptospira
icterohaemmorthagiae, Leptospira borgpetersenii, Leptospira bovis,
Leptospira interrogans and Campylobacter fetus (combo 1081. 30
According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
infections in cattle, wherein the combination vaccine comprises attenuated
BVDV (types I and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of infections caused 



64  by Pasteurefla haemolylica and Pasteurella multocida (combo 1091.
According to a preferred embodiment, the combination vaccine comprises
attenuated BVDV (types 1 and/or 2) as described herein and at least one
antigen of Pasteurella haemolytica bacterin and Pasteurella multocida
bacteria. [combo 1101 According to a further preferred embodiment, said
combination vaccine 5comprises neomycin and thimerosal as
preservatives [combo 1111. According to a further embodiment, the
present invention relates to a combination vaccine for the treatment and/or
prophylaxis of cattle against infections in cattle, wherein the combination
vaccine comprises attenuated BVDV (types 1 and/or 2) as described
herein and at least one further 10 immunological active component
effective for the treatment and/or prophylaxis of infections caused by IBR,
Pasteurella haemolytica and Pastenrella raultocida [combo 1121.
According to a preferred embodiment, the combination vaccine comprises
attenuated BVDV (types 1 and/or 2) as described herein and at least one
antigen of IBR, preferably as live modified viruses, and Pasteurella
haemolytica bacterin and Pasteurella multocida bacterin [combo 1131
According to a 15 further preferred embodiment, said combination vaccine
comprises neomycin and thimerosal as preservatives [combo 114
According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
infections in cattle, wherein the combination vaccine 20 comprises
attenuated BVDV (types I and/or 2) as described herein and at least one
further immunological active component effective for the treatment end/or
prophylaxis of infections caused by 1BR, P1-3, Pasteurella baemolmilica
mid Pasteurena multocida [combo 1I5j. According to a preferred
embodiment, the combination vaccine comprises attenuated BVDV (types
1 and/or 2) as described herein and at least one antigen of IBR, PI-3,
preferably as live modified viruses, and 25 Pasteurella haemolytica
bacterin and Pasteurella multocida bacterin [combo 116[. According to a
further preferred embodiment, said combination vaccine comprises
neomycin and thimerosal as preservatives [combo 1171 According to a
further embodiment, the present invention relates to a combination
vaccine for the  30 treatment and/or prophylaxis of cattle against infections
in cattle, wherein the combination vaccine comprises attenuated BVDV
(types I and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of infections caused by IBR, P1-3, BRSV, Pasteurella
haemolytica and PristeureIla multocida [combo 1181. According to a
preferred embodiment, the combination vaccine comprises attenuated
BVDV (types 65  1 and/or 2) as described herein and at least one antigen
of IBR, PI-3, BRSV, preferably as live modified viruses, and Pasteur&la
haemolytica bacteria and Pasteurella multocida bacteria [combo 119].
According to a further preferred embodiment, said combination vaccine
comprises neomycin and thimerosal as preservatives (combo 120]. 5
According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
infections in cattle, wherein the combination vaccine comprises attenuated
BVDV (types I and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of infections caused to by IBR, P1-3, BRSV, BEM, Pasteurelbt
Imemobtlica and Pasteureila multocida [combo 121]. According to a
preferred embodiment, the combination vaccine comprises attenuated
BVDV (types 1 and/or 2) as described herein and at least one antigen of
IBR, BRSV, BHV, preferably as live modified viruses, and Pasteurella
haemolytica bacterin and Pasteurella multocida bacterin [combo 1221.
According to a further preferred embodiment, said combination vaccine
comprises 15 neomycin and thimerosal as preservatives [combo 1231.
According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
infections in cattle, wherein the combination vaccine comprises attenuated
BVDV (types I and/or 2) as described herein and at least one further 20
immunological active component effective for the treatment and/or
prophylaxis of infections caused by Mycoplasma bovis [combo 124].
According to a preferred embodiment, the combination vaccine comprises
attenuated 11VDV (types I and/or 2) as described herein and at least
antigen of Mycoplasma bovis [combo 125]. 25According to a further
embodiment, the present invention relates to a combination vaccine for
the treatment and/or prophylaxis of cattle against infections in cattle,
wherein the combination vaccine comprises attenuated BVDV (types I
and/or 2) as described herein and at least one further immunological
active component effective for the treatment and/or prophylaxis of
infections caused by IBR, and Mycoplasma boots [combo 126]. According
to a preferred embodiment, the 30 combination vaccine comprises
attenuated BVDV (types 1 and/or 2) as described herein and at least
antigen of IBR, preferably as live modified viruses, and Myceplasma bovis
[combo 127]. According to a further embodiment, the present invention
relates to a combination vaccine for the treatment and/or prophylaxis of
cattle against infections in cattle, wherein the combination vaccine 66
comprises anenuated BVDV (types I and/or 2) as described herein and at
Mast one further immunological arrive component effective for the
treatment and/or prophylaxis of infections caused by 1BR, P1-3, and
Mycoplasma bovis [combo 1281. According to a preferred embodiment,
the combination vaccine comprises attenuated BVDV (types I and/or 2) as
described herein and at least 5 one antigen of IBR, PI-3, preferably as live
modified viruses, and Mycoplasma bovis [combo 1291. According to a
further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against infections in
cattle, wherein the combination vaccine comprises attenuated BVDV
(types 1 and/or 2) as described herein and at least one further to
immunological active component effective for the treatment and/or
prophylaxis of infections caused by 1BR, P1-3, BRSV, and Mycoplasma
bovis 'combo 1301. According to a preferred embodiment, the
combination vaccine comprises attenuated BVDV (types 1 and/or 2) as
described herein and at least one antigen of IBR, PI-3, BRS V, preferably
as live modified viruses, and Mycoplasma bovis [combo 1311. 15
According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
infections in cattle, wherein the combination vaccine comprises attenuated
BVDV (types 1 and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of infections caused 20 by 1BR, P1-3, BRSV, BIM, and
1Vlycoplasma bovis [combo 132j. According to a preferred embodiment,
the combination vaccine comprises attenuated BVDV (types I and/or 2) as
described herein and at least one antigen of IBR, P1-3, BRSV, BILIV,
preferably as live modified viruses, and Mycoplasma bovis [combo 1331.
25 According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
infections in cattle, wherein the combination vaccine comprises attenuated
BVDV (types I and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of infections caused by Pasteurella haemoiyfica, Paskurella
multocida and Mycoplasma bovis [combo 1341. 30 According to a
preferred embodiment, the combination vaccine comprises attenuated
BVDV (types I and/or 2) as described herein and at least one antigen of
Pasteurella haemolytica, Pasteurella multocida and Mycoplasma bovis
[combo 135[. 67  According to a further embodiment, the present invention
relates to a combination vaccine for the treatment and/or prophylaxis of
cattle against infections in cattle, wherein the combination vaccine
comprises attenuated BVDV (types I and/or 2) as described herein and at
least one further immunological active component effective for the
treatment and/or prophylaxis of infections caused 5 by 11111, Pasteurella
haemolytica, Pasteur')la multocida and Mycoplasma Innis [combo 1361.
According to a preferred embodiment, the combination vaccine comprises
attenuated BVDV (types and/or 2) as described herein and at least one
antigen of !BR, preferably as live modified viruses, Pasteurella
haemolytica, Pasteurella multocida and Mycoplasma bovis [combo 137/.
to According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
infections in cattle, wherein the combination vaccine comprises attenuated
BVDV (types I and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of infections caused by IBR, P1-3, Pasteurella haemobtica,
Pasteurella multocida and Mycoplasma bovis [combo Is I38l. According to
a preferred embodiment, the combination vaccine comprises attenuated
BVDV (types I and/or 2) as described herein and at least one antigen of
IBR, PI-3, preferably as live modified viruses. Pasteurella haemolytica
Pasteurella multocida and Mycoplasma bovis [combo 1391. 20 According
to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against infections in
cattle, wherein the combination vaccine comprises attenuated BVDV
(types I and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of infections caused by IBR, P1-3, BRSV, Pasteurella
haemolytica, Pasteurella multocida and Mycoplasena bolls 25 [combo
140[. According to a preferred embodiment, the combination vaccine
comprises attenuated BVDV (types I and/or 2) as described herein and at
least one antigen of IBR, PI-3, BRSV, preferably as live modified viruses,
Pasteurella haemolytica, Pasteurella multocida and Mycoplasma bovis
/combo 141j. 30 According to a further embodiment, the present invention
relates to a combination vaccine for the treatment and/or prophylaxis of
cattle against infections in cattle, wherein the combination vaccine
comprises attenuated BVDV (types I and/or 2) as described herein and at
least one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by 1BR, P1-3, BRSV,
BEV, Pasteurella haemolytica, Pasteurella multocida and Mycoplasma 68
bowls [combo 1401. According to a preferred embodiment, the
combination vaccine comprises attenuated BVDV (types 1 and/or 2) as
described herein and at least one antigen of 1BR, P1-3, BRSV, 1314V,
preferably as live modified viruses, Pasteurella haemolytica, Pasteurella
multocida and Mycoplasma bovis [combo 1411. 5 According to a further
embodiment, the present invention relates to a combination vaccine for
the treatment and/or prophylaxis of cattle against infections in cattle,
wherein the combination vaccine comprises attenuated BVDV (types I
and/or 2) as described herein and at least one further immunological
active component effective for the treatment and/or prophylaxis of
infections caused to by Pasteurella haemolytita" Pasteurella multacida
and H. somnus [combo 1421. According to a preferred embodiment, the
combination vaccine comprises attenuated BVDV (types 1 and/or 2) as
described herein and at least one antigen of Pasteurella haemolytica,
Pasteurella multocida and EL sorrows [combo 1431. 15According to a
further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against infections in
cattle, wherein the combination vaccine comprises attenuated BVDV
(types 1 and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of infections caused by IBR, Pasteumlla haeraolytica,
Pasteurella multocida and H. sonmus [combo 1441. 20 According to a
preferred embodiment, the combination vaccine comprises attenuated
BVDV (types 1 and/or 2) as described herein and at least one antigen of
ERR, preferably as live modified virus, and Pasteurella haemolytic&
Pasteurella multocida and H. sonmus [combo 1451, According to a further
embodiment, the present invention relates to a combination vaccine for
the 25 treatment and/or prophylaxis of cattle against infections in cattle,
wherein the combination vaccine comprises attenuated BVDV (types I
and/or 2) as described herein and at least one further immunological
active component effective for the treatment and/or prophylaxis of
infections caused by IBR, P1-3, Pasteurella haemolyfica, Pasteurella
multocida and H. somnus [combo 1461. According to a preferred
embodiment, the combination vaccine comprises attenuated BVDV (types
301 and/or 2) as described herein and at least one antigen of 113/2, P1-3,
preferably as live modified viruses, and Pasteurella haemolytica,
Pasteurella multocida and H. somnus [combo 147j. According to a further
embodiment, the present invention relates to a combination vaccine for
the treatment and/or prophylaxis of collie against infections in cattle,
wherein the combination vaccine 



69  comprises attenuated BVDV (types I and/or 2) as described herein
and at least one further immunological active component effective for the
treatment and/or prophylaxis of infections minced by IBR, 1.3, BRSV,
Pasteurella harmotylica, Pasteurella multocida and H. somnus [combo
148I. According to a preferred embodiment, the combination vaccine
comprises attenuated BVDV  5 (types I and/or 2) as described herein and
at least one antigen of IBR, PI-3, BRSV, preferably as live modified
viruses, and Pasteurella haemolytica, Pasteurella multocida and H.
somnus [combo 1491. According to a further embodiment, the present
invention relates to a combination vaccine for the to treatment and/or
prophylaxis of cattle against infections in cattle, wherein the combination
vaccine comprises attenuated BVDV (types t and/or 2) as described
herein and at least one further immunological active component effective
for the treatment and/or prophylaxis of infections caused by HIR, P1-3,
BRSV, BHV, Pasteurelia haemolytica, Pasteurella multocida and H.
scannas [combo 150]. According to a preferred embodiment, the
combination vaccine comprises attenuated 15 BVDV (types I and/or 2) as
described herein and at least one antigen of 18R, PI-3, BRSV, BHV,
preferably as live modified viruses, and Pasteurella haemolytica,
Pasteurella multocida and H. somnus [combo 151], According to a further
embodiment, the present invention relates to a combination vaccine  20
according to any one of [combo 110, 111, 112, 113, 114, 115, 116, 117,
118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131,
132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145,
146, 147, 146, 149, 150 and 151], that further comprises an
immunological active component effective for the treatment and/or
prophylaxis of infections caused by one or more pathogenic species of
Leptospira, preferably selected from Leptospira canicola, Leptospira 25
grippotyphosa, Leptospira borgpetersenii, Leptospira hardjo, Leptospira
prantno, Leptospira icterohaemmorrhagiae, Leptospira bovis, Leptospira
interrogans and Leptospira pomona [combo 1521. According to a further
embodiment, the present invention relates to a combination vaccine
according to any one of [combo 110, 111, 112, 113, 114, 115, 116, 117,
118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131,
132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142,  30 143, 144, 145,
146, 147, 148, 149, 150 and 1511, that further comprises antigen of one
or more specie(s) of Leptospira, preferably selected from Leptospira
canicola, Leptospira grippotyphosa, Leptospira borgpetersenii, Leptospira
hardjo (Leptospira hardjoprajitho and Leptospira hardjobovis)" Leptospira
prajitno, Leptospira icterohaemmorrhagiae, Leptospira bovis, Leptospira
interrogans and Leptospira pornona. [combo 153]. 70  According to a
further embodiment, the present invention relates to a combination
vaccine according to any one of (combo 110, 111, 112, 113, 114, 115,
116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129,
130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 5 143,
144, 145, 146, 147, 148, 149, 150 and 1511, that further comprises an
immunological active component effective for the treatment and/or
prophylaxis of infections caused by Campylobacter fetus (combo 1541.
According to a further embodiment, the present invention relates to a
combination vaccine according to any one of [combo 110, 111, 112, 113,
114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127,
128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, to139, 140, 141,
142, 143, 144, 145, 146, 147, 148, 149, 150 and 1511, that further
comprises antigen of Campylobacter fetus [combo 1551. According to a
further embodiment, the present invention relates to a combination
vaccine according to any one of [combo 110, 111, 112, 113, 114, 115,
116, 117, 118, 119, 120, 121, 122, 15 123, 124, 125, 126, 127, 128, 129,
130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143,
144, 145, 146, 147, 148, 149, 150 and 151], that further comprises an
immunological active component effective for the treatment and/or
prophylaxis of infections caused by one or more pathogenic specie(s) of
Leptespira, preferably selected from Leptospira canicola, Leptospira
grippotyphosa, Leptospira borgpetersenii, Leptospira hardjo (Leptospira
hardjoprajitno and 20 Leptospira bardjo-bovis), Leptospira prajitno,
Leptospira icterohaemmorrhagiae, Leptospira bovis, Leptospira
interrogans and Leptospira pomona, and Campylobacter fetus (combo
1561. According to a further embodiment, the present invention relates to
a combination vaccine according to any one of (combo 110, 111, 112,
113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126,
127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140,
141, 142, 143, 144, 145, 146, 25 147, 148, 149, 150 and 1511, that further
comprises antigen of Campylobacter fetus and of one or more specie(s) of
Leptospira, preferably selected from Leptospira canicola, Leptospira
grippotyphosa, Leptospira borgpetersenii, Leptospira hardjo (Leptospira
bardjoprajitno and Leptospira hardjo-bovis), Leptospira prajitno,
Leptospira icterohaemmorrhagiae, Leptospira bovis, Leptospira
interrogans and Leptospira pomona, and. [combo 157]. 30 According to a
further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections in cattle, wherein the combination vaccine
comprises attenuated BVDV (types 1 and/or 2) as described herein and at
least one further immunological active component effective for the
treatment and/or prophylaxis of 71  infections caused by Clostridium
perfringens, preferably Types A, C and/or D !combo 158j. According to a
preferred embodiment, the combination vaccine comprises attenuated
BVDV (types I. and/or 2) as described herein and toxins of Clostridium
perfringens Types C and D [combo 254j, According to a more preferred
embodiment, said vaccine comprises antigens, preferably toxins, of
Clostridium perfri 'Tens, preferably Types A, B, C, and/or 1) !combo 159].
According to a further embodiment, the present invention relates to a
combination vaccine according to any one of [combo 001, 002, 003, 004,
005, 006, 007, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017, 018,
019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031, 032,
033, to 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046,
047, 048, 049, 050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060,
061, 062, 063, 064, 065, 066, 067, 068, 069, 070, 071, 072, 073, 074,
075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087, 088,
089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102,
103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116,
117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130,
131, 132, 133, 15  134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,
145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156 and 157), that
further composes an immunological active component effective for the
treatment and/or prophylaxis of infections caused by infections caused by
Clostridium perfringens, preferably Types A, C and/or D [combo 160].
According to a further embodiment, the present invention relates to a
combination vaccine according to any one of [combo 001, 002, 29  003,
004, 005, 006, 007, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017,
018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031,
032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045,
046, 047, 0411, 049, 050, 051, 052, 053, 054, 055, 056, 057, 058, 059,
060, 061, 062, 063, 064, 065, 066, 067, 068, 069, 070, 071, 072, 073,
074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087,
088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101,
102, 25  103, 104, 105, 106, 107, 108, 109, 110, Ill, 112, 113, 114, 115,
116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129,
130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143,
144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156 and 157],
that further comprises antigen of Clostridium perfringens, preferably,
Types A, C, and/or D [combo 161]. According to a further embodiment,
the present invention relates to a combination vaccine 30 according to any
one of [combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011,
012, 013, 014, 015, 016, 01.7, 018, 019, 020, 021, 022, 023, 024, 025,
026, 027, 028, 029, 030, 03], 032, 033, 034, 035, 036, 037, 038, 039, 040,
041, 042, 043, 044, 045, 046, 047, 048, 049, 050, 051, 052, 053, 054,
055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068,
069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082,
083, 084, 085, 086, 087, 088, 089, 090, 091, 092, 093, 72   094, 095, 096,
097, 098, 099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110,
111, 112, 113, 114, 115, 116, 117, 118, 



119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132,
133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146,
147, 148, 149, 150, 151, 152, 153, 154, 155, 156 and 157], that further
comprises antigen of Clostridium perfringens Types, B, C, 5 and/or D
[combo 162]. According to a further embodimentpresent invention relates
to a combination vaccine for the treatment and/or prophylaxis of cattle
against microbiological infections in cattle, wherein the combination
vaccine comprises attenuated BVDV (types 1 and/or 2) as described
herein and at least 10 one further immunological active component
effective for the treatment and/or prophylaxis of infections caused by
Clostridium perfringens Types A, C and/or D, and Clostridium tetani
[combo 1631 According to a preferred embodiment, the combination
vaccine comprises attenuated BVDV (types 1 and/or 2) as described
herein and toxins of Clostridium perfringens Types A, C and/or D, and
Clostridium tetani [combo 164]. According to a more preferred
embodiment, said IS vaccine comprises antigens, preferably toxins, of
Clostridium perfringens Types A, B, C, and/or D, and Clostridium tetani
[combo 165]. According to a further embodiment, the present invention
relates to a combination vaccine  according to any one of [combo 001,
002, 003, 004, 005, 006, 007, 008 009, 010, 011, 012, 013, 20 014, 015,
016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 



030, 031, 032, 033,  034, 035, 036, 037, 038, 039, 040, 041, 042, 043,
044, 045, 046, 047, 048, 049, 050, 051, 052, 053,  054, 055, 056, 057,
058, 059, 060, 061, 062, 063, 064, 065, 066, 069, 068, 069, 070, 071,
072, 073,  074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085,
086, 087, WS, 089, 090, 091, 092, 093,  094, 095, 096, 097, 098, 099, 



100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 25
114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127,
128, 129, 130, 131, 132, 133,  134, 135, 136, 137, 138, 139, 140, 141,
142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153,  154, 155,
156 and 157], that further comprises an immunological active component
effective for the treatment and/or prophylaxis of infections caused by
infections caused by Clostridium perftingens Types A, C and/or 0, and
Clostridium tetani [combo 1661. According to a further 30 embodiment,
the present invention relates to a combination vaccine according to any
one of [combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 



010, 011, 012, 013, 014, 015, 016, 017, 018, 019, 020, 021, 022, 023,
024, 025, 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 037,
038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049, 050, 051,
052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065,
066, 067, 068, 069, 070, 071, 072, 073, 074, 075, 076, 077, 



078, 079, 080, 73  081, 082, 083, 084, 085, 086, 087, 088, 089, 090, 091,
092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105,
106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118; 119,
120, 121, 122, 123, 124,125: 126, 127, 128, 129, 130, 131, 132, 133, 134,
135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148,
149, 150, 151, 152, 153, 154, 155, 156 and 157], that 5 further comprises
antigen of Clostridium perfringens Types A, C, and/or D, and Clostridium
tetani [combo 1671. According to a further embodiment, the present
invention relates to a combination vaccine according to any one of [combo
001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011, 012, 013, 014,
015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028,
029, 030, 031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042,
043, 044, 045, 046, 047, 048, 049, 050, 051, 052, 053, 054, 055, 056,
057, 058, 059, 060, 061, 062, 063, 064, 065, 066,067, 068, 069, 070, 071,
072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085,
086, 087, 088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099,
100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, III, 112, 113, 114,
115, 116, 117, 118, 19,120, 121, 122, 123, 124, 125, 126, 127, 128, 129,
130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143,
144, 145, 146, 147, 148, 149, 150, 151, 152, is153, 154, 155, 156 and
157], that further comprises antigen of Clostridium perfringens Types A, B,
C, and/or D, and Clostridium tetani [combo 168]. According to a further
embodiment, the present invention relates to a combination vaccine for
the treatment and/or prophylaxis of cattle against microbiological
infections in cattle, wherein the 20 combination vaccine comprises
attenuated BVDV (types 1 and/or 2) as described herein and at least one
further immunological active component effective for the treatment and/or
prophylaxis of infections caused by Clostridium chnuvoei, Clostridium
septicum, Clostridium novyi, Clostridium sordellii, and Clostridium
pertringens Types A, C and/or 13 [combo 169]. According to a preferred
embodiment, the combination vaccine comprises attenuated BVDV (types
25 1 and/or 2) as described herein and antigens, preferably toxins, of
Clostridium chauvoei, Clostridium septicum, Clostridium ncnyi, Clostridium
sordellii, and Clostridium perfringens Types A, C and/or 13 [combo 170].
According to a further embodiment, the present invention relates to a
combination vaccine 30according to any one of [combo 001, 002, 003,
004, 005, 006, 007, 008, 809, 010, 011, 012, 013, 014, 015, 016, 017,
018" 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031,
032, 033, 34,  35,  36,  37,  38,  39,  40,  41,  42,  43,  44,  45,  46,  47,
48,  49,  50,  51,  52,  53,  54,  55,  



56,  57,  58,  59,  60,  61,  62,  63,  64,  65,  66,  67,  68,  69,  70,  71,  72,
73,  74,  75,  76,  77,  78,  79,  80,  81,  82,  83,  84,  85,  86,  87,  88,  89,
90,  91,  92,  93,  74   094, 095,096, 097, 098, 099, 100, 101, 102, 103,
104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118, 119, 120, 121, 122, 



123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136,
137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150,
151, 152, 153, 154, 155, 156 and 1571, that further comprises  active
component effective for   an immunological     Clostridium chauvoei,
Clostridium septicum, Clostridium nosyi, Closuidium sordellii, and
Clostridium perfringens Types A, C and/or D [combo 1721. According to a
further embodiment, the present invention relates to a combination
vaccine according to any one of [combo 001, 002, 003, 004, 005, 006,
007, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017, 018, 019, 020,
021, 022, 023, 024, 025, 026, 027, 028, 029, 



030, 031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043,
044, 045, 046, 047, 048, 049, 050, 051, 052, 053, 054, 055, 056, 057,
058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068, 069, 070, 071,
072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085,
086, 087, 088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099,
100, 101, 102, 103, 104, 105, 



106, 107, 108, 109, 110, III, 112, 113, 114, 1 .15, 116, 117, 118, 119, 120,
121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134,
135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148,
149, 150, 151, 152, 153, 154, 155, 156 and 157], that further comprises
antigen of Clostridium perfringens Types, A, B, C, and/or D, Clostridium
chauvoei, Clostridium septicum, Clostridium novyi, Clostridium sordeilii
and Clostridium tetani [combo 173]. According to more preferred
embodiment, the present invention relates to a combination vaccine for
the treatment and/or prophylaxis of cattle against microbiological
infections in cattle, wherein the combination vaccine comprises attenuated
BVDV (types 1 and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of 75  infections caused by Clostridium chauvoei, Clostridium
septicum, Clostridium novyl, Clostridium sordellii, Clostridium perfringems
Types A, C and/or 11 and Mycoplannna bovis [combo 174]. According to
a preferred embodiment, the combination vaccine comprises attenuated
BVDV (types 1 and/or 2) as described herein and antigens, preferably
toxins, of Clostridium 5chauvoei, Clostridium septicum, Clostridium novyi,
Clostridium sordellii, and Clostridium perfringens Types A, C and/or D and
Mycoplasma bovis [combo 175]. According to more preferred
embodiment, the present invention relates to a combination vaccine for
the treatment and/or prophylaxis of cattle against microbiological
infections in cattle, wherein the to combination vaccine comprises
attenuated BVDV (types I and/or 2) as described herein and at least one
further immunological active component effective for the treatment and/or
prophylaxis of infections caused by Clostridium channel, Clostridium
septienm, Clostridium oravyi, Clostridium sordellii, Clostridium perfringens
Types A, C and/or D, and H. sommis. (combo 1761. According to a
preferred embodiment, the combination vaccine comprises attenuated
BVDV 15 (types I and/or 2) as described herein and antigens, preferably
toxins, of Clostridium chauvoei, Clostridium septicurn, Clostridium novyi,
Clostridium sontellii, and Clostridium perfringens Types C and D and H.
somnus. [combo 1771 According to more preferred embodiment, the
present invention relates to a combination vaccine for 20 the treatment
and/or prophylaxis of cattle against microbiological infections in cattle,
wherein the combination vaccine comprises attenuated BVDV (types 1
and/or 2) as described herein and at least one further immunological
active component effective for the treatment and/or prophylaxis of
infections caused by Clostridium chauvoei, Clostridium septieum,
Clostridium novyi, Clostridium sordellii, Clostridia= perfringens Types A, C
and/or 0, Mycoplasma bovis, and 25 11.somnus (combo 178]. According
to a preferred embodiment, the combination vaccine comprises attenuated
BVDV (types I and/or 2) as described herein and antigens, preferably
toxins, of Clostridium chauvoei, Clostridium septicum, Clostridium novyi,
Clostridium sordellii, and Clostridium perfringens Types A, C and/or D,
Mycoplasma bovis, and ilsonenus [combo 179]. 30 According to a further
embodiment, the present invention relates to a combination vaccine for
the treatment and/or prophylaxis of cattle against microbiological
infections in cattle, wherein the combination vaccine comprises attenuated
BVDV (types 1 and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of infections caused by Salmonella, preferably Salmonella
dublin, Salmonella newport and 76  Salmonella typhImurium /combo
1801. According to a preferred embodiment, the combination vaccine
comprises attenuated BVDV (types 1 and/or 2) as described herein and
toxins of Salmonella, preferably Salmonella dublin, Salmonella newport,
and Salmonella lyphimurium [combo 181]. According to a further
embodiment, the present invention relates to a combination vaccine
according to any one of [combo 001, 002, 003, 004, 005, 006, 007, 008,
009, 010, 011, 012, 013, 014, 015, 016, 017, 018, 019, 020, 021, 022,
023, 024, 025, 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036,
037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, Oa 049, 050, 051,
052, 053, ie 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065,
066, 069, 068, 069, 070,071, 072, 073, 074, 075, 076, 077, 078, 079, 080,
081, 082, 083, 084, 085, 086, 089, 088, 089, 090, 091, 092, 093, 094,
095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106, 109, 108,
109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122,
123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136,
137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150,
151, 152, 153, i5 154, 155, 156, 157 ,158, 254, 159, 160, 161, 162, 163,
164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178
and 179], that further comprises an immunological active component
effective for the treatment and/or prophylaxis of infections caused by
infections caused by Salmonella, preferably Salmonella dublin,
Salmonella newport and Salmonella typhimurium [combo 1821. According
to a further embodiment, the present invention relates to a combination 20
vaccine according to any one of [combo 001, 002, 003, 004, 



005, 006, 007, 008, 009, 010, 011, 012,  013, 014, 015, 016, 017, 018,
019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031, 032,
033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046,
047, 048, 049, 050, 051, 052,  053, 054, 055, 056, 057, 058, 059, 060,
061, 062, 063, 064, 065, 066, 067, 068, 069, 070, 071, 072,  073, 074,
075, 076, 077, 078, 079, 080, 



081, 082, 083, 084, 085, 086, 087, 088, 089, 090, 091, 092, 25 093, 094,
095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106, 107, 108,
109, 110, 111, 112,  113, 114, 115, 116, 117, 118, 119, 120, 121, 122,
123, 124, 125, 126, 127, 128, 129, 130, 131, 132,  133, 134, 135, 136,
117, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150,
151, 152,  153, 



154, 155, 156, 157, 158, 254, 159, 160, 161, 162, 163, 164, 165, 166,
167, 168, 169, 170, 171,  172, 173, 174, 175, 176, 177, 178 and 179], that
further comprises antigen, preferably a toxin, of 30 Salmonella, preferably
Salmonella dublin, salmonella newport and Salmonella typhimurium
[combo 183]. According to a preferred embodiment, the present invention
relates to a combination vaccine for the treatment and/or prophylaxis of
cattle against microbiological infections in cattle, wherein the 77
combination vaccine comprises attenuated BVDV (types I and/or 2) as
described herein and at least one further immunological active component
effective for the treatment and/or prophylaxis of infections caused by
Pasteur&la haernolytica, Posteurella multocida, Salmonella, preferably
Salmonella du blin, Salmonella newport and Salmonella typhimurium
[combo 1841. According 5 10 a preferred embodiment, the combination
vaccine comprises attenuated BVDV (types 1 and/or 2) as described
herein and PanamaIla haemolytica, Pasteurella multocida, Salmonella,
preferably Salmonella dublin, Salmonella nmoport, and Salmonella
typhimentium Ilacterin-Toxeid [combo 1851. According to more preferred
embodiment, said combination vaccine comprises multiple isolates of
Pasteurella haemolytica Ty pe Al and an associated toxoid fraction, and
single isolates of toP mull() cicLa, S dublin, and S typhimurium [combo
1861. According to a further embodiment, the present invention relates to
a combination vaccine for the treatment and/or prophylaxis of cattle
against microbiological infections in cattle, wherein the combination
vaccine comprises attenuated BVDV (types 1 and/or 2) as described
herein and at least 15 one further immunological active component
effective for the treatment and/or prophylaxis of infections caused by
Moraxella bovis and/or Klebsiella app. , preferably Kiebsiella pneumonia?
[combo 187j. According to a. preferred embodiment, the combination
vaccine comprises attenuated BVDV (types I and/or 2) as described
herein and toxins of Moraxella bovis and/or Klebsiella app. preferably
Klebsiella pneamoniae [combo 1881. 20 According to a further
embodiment, the present invention relates to a combination vaccine
according to any one of [combo 001, 002, 003, 004, 095, 006, tor, 008,
009, 010, 011, 012, 013,  014, 015, 016, 017, 018, 019, 020, 021, 022,
023, 024, 025, 026, 027, 028, 029, 030, 031, 032, 033,  034, 035, 036,
037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 



049, 050, 051, 052, 053, 25 054, 055, 056, 057, 058, 059, 060, 061, 062,
063, 064, 065, 066, 067, 068, 069, 070,071, 072, 073,  074, 075, 076,
077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087, 088, 089, 090,
091, 092, 093,  094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104,
105, 106, 107, 108, 109, 110, III, 112, 113,  114, 115, 116, 117, 118, 119,
120, 



121, 122, 123, 124, 125, 126, 127, 128, 129,130, 131, 132, 133,  134,
135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148,
149, 150, 151., 152, 153, 30 154, 155, 156, 157 ,158, 254, 159, 160, 161,
162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172,  173, 174, 175,
176, 177, 178, 179, 180, 181, 182, 183, 184, 185, and 1861, that further
comprises an immunological active component effective for the treatment
and/or prophylaxis of infections caused by infections caused by Moraxella
bovis and/or Klebsiella app., preferably Klebsiella pneumonia [combo
189]. According to a further embodiment, the present invention relates to a
78   combination vaccine according to any one of [combo 001, 002, 



003, 004, 005, 006, 007, 008, 009, 010, 011, 012, 013, 014, 015, 016,
017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030,
031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044,
045, 046, 047, 048, 049, 050, 051, 052, 053, 054, 055, 056, 057, 058,
059, 060, 061, 062, 063, 064, 065, 066. 067, 068, 069, 5070, 071, 072,
073, 074, 



075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087, 088,
089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102,
103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116,
117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130,
131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,
145, 



146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 254,
159, 163,  164, 165, 169, 170, 174, 175, 176, 177, 178, 179, 180, 181,
184, 185 and 186], that further comprises antigen, preferably a toxin, of
Moraxella bovis and/or Klebsiella app., preferably, 1G ebsiella
pneumoniae [combo 190]. According to a further embodiment, the present
invention relates to a combination vaccine for the treatment and/or
prophylaxis of cattle against microbiological infections in cattle, wherein
the 15 combination vaccine comprises attenuated BVDV (types 1 and/or
2) as described herein and at least one further immunological active
component effective for the treatment and/or prophylaxis of infections
caused by Essberishia soli [combo 191j. According to a preferred
embodiment, die combination vaccine comprises attenuated BVDV (types
1 and/or 2) as described herein and toxins of Escherichia coli [combo
192]. 20 According to a further embodiment, the present invention relates
to a combination vaccine according to any one of [combo 001, 002, 003,
004, 005, 006, 007, 008, 009, 010, 011, 012, 013,  014, 015, 016, 017,
018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031,
032, 033,  034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045,
046, 047, 048, 049, 050, 



051, 052, 053, 25 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064,
065, 066, 067, 068, 069, 070, 071, 072, 073,  074, 075, 076, 077, 078,
079, 080, 081, 082, 083, 084, 085, 086, 087, 088, 089, 090, 091, 092,
093,  094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106,
109, 108, 109, 110, 111, 112, 113,  114, 115, 116, 117,118, 



119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132,
133,  134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146,
147, 148, 149, 150, 151, 152, 153, 30 154, 155, 156, 157,158, 254, 159,
160, 161, 162, 163, 164,  165,  166,  167,  168,  169,  170,  171,  172,
173,  174,  175,  176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 



186, 187, 188, 189 and 1901, that further comprises an immunological
active component effective for the treatment and/or prophylaxis of
infections caused by infections caused by Eschericia coli [combo 193].
According to a further embodiment, the present invention relates to a
combination vaccine according to any one 79  of [combo 001, 002, 003,
004, 005, 006, 007, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017,
018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031,
032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045,
046, 047, 048, 049, 050, 051, 052, 053, 054, 055, 056, 057, 058, 059,
060, 061, 062, 063, 064, 065, 066, 067, 068, 069, 070, 071, 072, 073,
074, 075, 076, 077, 078, 5 079, 080, 081, 082, 083, 084, 085, 086, 087,
088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101,
102, 103, 104, 105, 106, 107, 108, 109, 110, Ill, 112, 113, 114, 115, 116,
117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130,
131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 194,
145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158,
254, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171,
172, 173, 174, 175, 176, 177, io178, 179, 180, 181, 182, 183, 184, 185,
186, 187, 188,189 and 190], that further comprises antigen, preferably a
toxin, of Escherichia coil [combo 194]. According to a preferred
embodiment, the present invention relates to a combination vaccine for
the treatment and/or prophylaxis of cattle against microbiological
infections in cattle, wherein the I5 combination vaccine comprises
attenuated BVDV (types 1 and/or 2) as described herein and at least one
further immunological active component effective for the treatment and/or
prophylaxis of infections caused by Pasteurella haemolylicit, Pasteurella
multocida, Salmonella dublin ,Salmonella typhimurium and Eschericha
colt [combo 1951. According to a preferred embodiment, the combination
vaccine comprises attenuated BVDV (types I and/or 2) as described 20
herein and Pasteunella haemolytica, Pasteurella multocida, Salmonella
dublio,Salmonella typhimurium and Escherichia cull Bacterin-Toxoid
[combo 196]. According to more preferred embodiment, said combination
vaccine comprises multiple isolates of Pasteurella haemolytica Type Al
and an associated imoid fraction, and single isolates of P multocida, S
dublin, and S typhimurium [combo 197]. 25 According to a further
embodiment, the present invention relates to a combination vaccine for
the treatment and/or prophylaxis of cattle against microbiological
infections in cattle, wherein the combination vaccine comprises attenuated
BVDV (types 1 and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of 30 infections caused by bovine Rotavinis [combo 198].
According to a preferred embodiment, the combination vaccine comprises
attenuated BVDV (types 1 and/or 2) as described herein and antigen of
bovine Rotavirus icombo 1991.  80  According to a further embodiment,
the present invention relates to a combination vaccine according to any
one of [combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 00, 012,
013, 014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026,
027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 037, 038, 039, 040,
041, 042, 043, 044, 045, 046, 047, 048, 049, 050, 051, 052, 083, 5 054,
055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068,
069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082,
083, 084, 085, 086, 087, 088, 089, 090, 091, 092, 093, 094, 095, 096,
097, 098" 099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110,
111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124,
125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138,
139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152,
153, i0 154, 155, 156, 157 ,158, 254, 159, 160, 161, 162, 163, 164, 165,
166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 179, 178, 199,
180, 181, 182, 183, 184, 185,186, 187, 188, 189, 190, 191, 192, 195, 196,
and 197], that further comprises an immunological active component
effective for the treatment and/or prophylaxis of infections caused by
infections caused by bovine Rotavirus [200], According to a further
embodiment, the present invention relates to a combination vaccine
ISaccording to any one of [combo 001, 002, 003, 004, 005, 006, 007, 008,
009, 010, 011, 012, 011,  014, 015, 016, 017, 018, 019, 020, 021, 022,
023, 024, 025, 026, 027, 028, 029, 030, 031, 032, 033,  034, 035, 036,
037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049, 050, 05],
052, 053, 



054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067,
068, 069, 070, 071, 072, 073,  074, 075, 076, 077, 078, 079, 080, 081,
082, 083, 084, 085, 086, 087, 088, 089, 090, 091, 092, 093, 20 094, 095,
096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, III,  112, 113,  114, 115, 116, 117, 118, 119, 



120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133,
134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147,
14R, 149, 150, 151, 152, 153,  154, 155, 156, 157, 158, 254, 159, 160,
161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172,  173, 174,
175, 176, 177, 178, 179, 180, 181, 182, 183, 



184, 185, 186, 187, 188, 189, 190, 191, 192, 25 193, 194, 195, 196 and
1971, that further comprises amalgam of bovine Rotavirus [combo 201].
According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections in cattle, wherein the combination vaccine
comprises attenuated BVDV (types 1 and/or 2) as described herein and at
least 30 one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by bovine Coronavirus
/combo 202], According to a preferred embodiment, the combination
vaccine comprises attenuated BVDV (types 1 and/or 2) as described
herein and antigen of bovine Coronavirus [combo 203]. 81  According to a
further embodiment, the present invention relates to a combination
vaccine according to any one of [combo 001, 002, 003, 004, 005, 006,
007, 008, 009, 010, 011, 012, 013,    Coronavirus [combo 2051. According
to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections in cattle, wherein the 30 combination vaccine
comprises attenuated BVDV (types I and/or 2) as described herein and at
least one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by bovine Coronavirus
and bovine Rotavirus [combo 2061 According to a preferred embodiment,
the combination vaccine comprises attenuated BVDV (types 1 and/or 2)
as described herein and antigen of bovine Coronavirus and bovine
Rotavirus [combo 2071. 82  According to a further embodiment, the
present invention relates to a combination vaccine according to any one of
[combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011, 012, 013,
014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027,
028, 029, 030, 031, 032, 033, 5 034, 035, 036, 039, 038, 039, 040, 041,
042, 043, 044, 045, 046, 047, 048, 049, 050,051, 052, 053, 054, 055, 056,
057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068, 069, 070,
071, 072, 073, 074, 075, 076, 097, 078, 079, 080, 081, 082, 083, 084,
085, 086, 087, 088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098,
099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112,
113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126,
127, 128, 129, 130, 131, 132, 133, to 134, 135, 136, 137, 138, 139, 140,
141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154,
155, 156, 157 ,158, 254, 159, 160, 161, 162, 163, 164, 165, 166, 167,
168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181,
182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196
and 197), that further comprises an immunological active component
effective for the treatment and/or prophylaxis of infections caused by
infections caused by bovine 15 Corminvirus and bovine Rotaviros [combo
208]. According to a further embodiment, the present invention relates to a
combination vaccine according to any one of [combo 001, 002, 003, 004,
005,  006, 007, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017, 018,
019, 020, 021, 022, 023, 024, 025,  026, 027, 028, 029, 030, 031., 032,
033, 034, 



035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045,  046, 047, 048,
049, 050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062,
063, 064, 065, 20 066, 067, 068, 069, 070, 071, 072, 073, 074, 075, 076,
077, 078, 079, 080, 081, 082, 083, 084, 085,  086, 087, 088, 089, 090,
091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 



104, 105,  106, 107, 108 109, 110, 111, 112, 113, 114, 115, 116, 117,
118, 119, 120, 121, 122, 123, 124, 125,  126, 127, 128, 129, 130, 131,
132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145,
146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157 ,158, 254,
159, 160, 161, 162, 163, 164, 25 165, 166, 167, 168, 169, 



170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183,
184,  185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, and 197
], that further comprises antigen of bovine Coronavirus and bovine
Rotavirus jcombo 209]. According to a further embodiment, the present
invention relates to a combination vaccine for the 30 treatment and/or
prophylaxis of cattle against microbiological infections in cattle, wherein
the combination vaccine comprises attenuated BVDV (types 1 and/or 2)
as described herein and at least one further immunological active
component effective for the treatment and/or prophylaxis of infections
caused by Cryptosporidium parvom [combo 210], According to a preferred
83  embodiment the combination vaccine comprises attenuated BVDV
(types I and/or 2) as described herein and antigen of Cryprosporidium
parvum [combo 211)    According to a further embodiment, the present
invention relates to a. combination vaccine 5 according to any one of
[combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, OH, 012, 013,
tO 15 further comprises an immunological active component effective for
the treatment and/or prophylaxis of infections caused by infections caused
by Cryptosporiditim parvum [combo 212). According to a further
embodiment, the present invention relates to a combination vaccine
according to any one of [combo 001, 002, 003, 004, 005, 006, 007, 008,
009, 010, 011, 012, 013, 20 014, 015, 016, 017, 018, 019, 020, 021, 022,
023, 024, 025, 026, 027, 028, 029, 030, 031, 032, 033,  034, 035, 036,
037, 038, 039, 040, 041, 042, 043, 



044, 045, 046, 047, 048, 049, 050, 051, 052, 053,  054, 055, 056, 057,
058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068, 069, 070, 071,
072, 073,  074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085,
086, 087, 088, 089, 090, 091, 092, 093,  094, 095, 096, 097, 098, 099,
100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 



112, 113, 25 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125,
126, 127, 128, 129, 130, 131, 132, 133,  134, 135, 136, 137, 138, 139,
140, 141, 142, 143, 144, 145, 146, 147, 148, 149. 150, 151, 152, 153,
154, 155, 156, 157 )58, 254, 159, 160, 161, 162, 163, 164, 165, 166, 167,
168, 169, 170,171, 172,  173, 174, 175, 176, 177, 178, 



179, 180, 181, 182, 183, 184, 185,186, 187, 188, 189, 190, 191, 192,
193, 194, 195, 196, 197 198, 199, 200, 201, 202, 203, 204 205, 206, 207,
208 and 2091, that further 30 comprises antigen of Cryptosporidium
parvum [combo 213). According to a further embodiment, the present
invention relates to a combination vaccine for the treatment and/or
prophylaxis of cattle against microbiological infections in cattle, wherein
the combination vaccine comprises attenuated BVDV (types 1 and/or 2)
as described herein and at least 84   one further immunological active
component effective for the treatment and/or prophylaxis of infections
caused by Crypeosporidium bominis [combo 214[ According to a preferred
embodiment, the combination vaccine comprises attenuated BVDV (types
I and/or 2) as described herein and antigen of Ciyptosporidium hominis
(combo 215]. According to a further embodiment, the present invention
relates to a combination vaccine according to any one of [combo 001,
002, 003, 004, 005, 006, 007, 008, 009, 010, 011, 012, 013, 014, 015,
016, 017,018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029,
030,031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044,
045, 046, 047, 048, 049, 050, 051, 052, 053, 054, 055, 



056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068, 069,
070, 071, 072, 073, 074, 075, 076, 079, 078, 079, 080, 081, 082, 083,
084, 085, 086, 087, 088, 089, 090, 091, 092, 093, 094, 095, 096, 097,
098, 099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111,
112, 113, 114, 115, 116, 117,118, 119, 120, 121, 122, 123, 124, 125, 126,
127, 



128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141,
142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155,
156, 157 ,158, 254, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168,
169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182,
183, 184 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196,
197, 



198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208 and 209], that
furthercomprises an immunologicalactive component effective for the
treatment and/or prophylaxis of infections caused by infections rhmsed by
Cryptosporidium hominis [combo 216]. According to a further
embodiment, the present invention relates to a combination vaccine
according to any one of [combo 001, 002, 003, 004, 005, 006, 007, 008,
009, 010, 011, 012, 013, 014, 015, 016, 017, 0113 019, 020, 021, 022,
023, 024, 025, 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036,
037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049, 050,
051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064,
065, 066, 067, 068, 069, 070, 



071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084,
085, 086, 087, 088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098,
099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112,
113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126,
127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140,
141, 142, 



143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157
,158, 254, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169,
170,171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184,
185,186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197 198,  199,
200, 201, 202, 203, 204 205, 206, 207, 208 and 209], that further
comprises antigen of Cryptosporidimn horninis (combo 217),  85
According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections in cattle, wherein the combination vaccine
comprises attenuated BVDV (types 1 and/or 2) as described herein and at
least one further immunological active component effective for the
treatment and/or prophylaxis of 5 infections caused by Cryptosporidium
parvenu and Cryptesporidium bovainlis combo 2181. According to a
preferred embodiment, the combination vaccine comprises attenuated
BVDV (types   and/or 2) as described herein and antigen of
Clyptosporidium parvum and Cryptosporithum hominis (combo 2191. 10
According to a further embodiment, the present invention relates to a
combination vaccine according to any one of [combo 001, 002, 003, 004,
005, 006, 007, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017, 018,
019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031, 032,
033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046,
047, 048, 049, 050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060,
061, 062, 063, 064, 065, 066, 067, 068, 069, 070, 071, 072, 073, 15 074,
075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087, 088,
089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102,
103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116,
117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130,
131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,
145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157 458, 254,
159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 20
173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184 184, 185, 186,
187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 2041,
201, 202, 203, 204, 205, 206, 207, 208 and 2091, that further comprises
an immunological active component effective for the treatment and/or
prophylaxis of infections caused by infections caused by Cryptosporidium
parvum and Cryptosporidium hominis tomb() 2201. According to a further
embodiment, the present invention 25 30 relates to a combination vaccine
according to any one of [combo 001, 002, 008, 009, 010, 011, 012, 013,
014, 015, 016, 017, 018, 019, 020, 021, 022, 028, 029, 030, 031, 032,
033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 048, 049, 050, 051,
052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 068, 069, 070,
071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 032, 088, 089,
090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 108,
109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122,
128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141,
142, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157 ,158, 254, 159,
160, 161, 167, 168, 169, 170,171, 172, 173, 174, 175, 176, 177, 178, 179,
180, 181, 003, 023, 043, 063, 083, 103, 123, 143, 162, 182, 004, 024,
044, 064, 084, 104, 124, 144, 163, 183, 



005, 025, 045, 065, 085, 105, 125, 145, 164, 184, 006, 007, 026, 027,
046, 047, 066, 067, 086, 037, 106, 107, 126, 127, 146, 147, 165, 166,
185,186, 86  187, 188, 189, 190, 19/, 192, 193, 194, 195, 196, 197 198,
199, 200, 201, 202, 203, 204 205, 206, 209, 208 and 2091, that further
comprises antigen of Cryptosporidi um parvurn and Cryptosporidium
hominis [combo 2211. 5 According to a further embodiment, the present
invention relates to a combination vaccine for the treatment and/or
prophylaxis of cattle against microbiological infections in cattle, wherein
the combination vaccine comprises attenuated 13VDV (types 1 and/or 2)
as described herein and at least one further immunological active
component effective for the treatment ancUor prophylaxis of infections
caused by Mycobacterium avium paratuberculosis [combo 2221
According to a 10 preferred embodiment, the combination vaccine
comprises attenuated BVDV (types / and/or 2) as described herein and
antigen of Mycobacterium avium paratuberculosis [combo 2231 According
to a further embodiment, the present invention relates to a combination
vaccine according to any one of [combo 001, 002, 003, 004, 005, 006,
007, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017, 018, 019, 020,
021, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031, 032, 033, 034,
035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048,
049, 050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062,
063, 064, 065, 066, 067, 068, 069, 070, 071, 072, 



073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086,087,
088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101,
102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115,
116, 117,118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130,
131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 



143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155,156, 157,
158, 254, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170,
171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 123, 184 184,
185, 186, 187, 188, 189,190, 191, 192, 193, 194, 195, 196, 199, 198, 199,
200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 



212, 213, 214, 215, 216, 217, 218, 219, 220 and 2211, that further
comprises an immunological active component effective for the treatment
and/or prophylaxis of infections caused by infections caused by
Mycobacterium aviumn paratuberculosis [combo 224]. According to a
further embodiment, the present invention relates to a combination
vaccine according to any one of [combo 30 001, 021, 041, 061, 081, 101,
002, 022, 042, 062, 082, 102, 003, 023, 043, 063, 083, 103, 004, 024,
044, 064, 084, 104, 005, 025, 045, 065, 085, 105, 006, 026, 046, 066,
086, 106, 007, 027, 047, 067, 087, 107, 008, 028, 048, 068, 088, 108,
009, 029, 049, 069, 089, 109, 010, 011, 012, 030, 031, 032, 050, 051,
052, 070, 071, 072, 090, 091, 092, 110, Ill, 112, 013, 033, 053, 073, 093,
113, 014, 034, 054, 074, 094, 114, 015, 035, 055, 075, 095, 115, 016,
036, 056, 076, 096, 116, 017, 037, 057, 077, 097, 117, 018, 038, 058,
078, 098, 118, 019, 039, 059, 079, 099, 119, 020, 040, 060, 080, 100,
120, 87   121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133,
134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147,
148, 149, 150, 151, 152, 153, 154, 155, 156, 157 ,158, 254, 159, 160,
161, 162, 163, 164, 165, 166, 



167, 168, 169, 170,171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181,
182, 183, 184, 185,186, 187, 188, 189. 190, 191, 192, 193, 194, 195, 196,
197 198, 199, 200, 201, 202, 203, 204 205, 206, 207, 208, 209, 210, 211,
212, 213, 214, 215, 216, 217, 218, 219, 220 and 2211, that further
comprises antigen of Mycobacterium avium paratuberculosis [combo
2251. According to a further embodiment, the present invention relates to
a combination vaccine for the 10 treatment and/or prophylaxis of cattle
against microbiological infections in cattle, wherein the combination
vaccine comprises attenuated 13VDV (types 1 ancl/or 2) as described
herein and at least one further immunological active component effective
for the treatment and/or prophylaxis of infections caused by Adenevirias
[combo 2261. According to a preferred embodiment, the combination
vaccine comprises attenuated BVDV (types 1 and/or 2) as described
herein and 15 antigen of Adenovirus [combo 2271. According to a further
embodiment, the present invention relates to a combination vaccine
according to any one of [combo 001, 002, 003, 004, 005, 006, 007, 008,
009, 010, 011, 012, 013,  014, 015, 016, 017, 018, 019, 020, 021, 022,
023, 



024, 025, 026, 029, 028, 029, 030, 031, 032, 033, 20 034, 035, 036, 037,
038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049, 050, 051,
052, 053,  054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065,
066, 067, 068, 069, 070, 071, 072, 073,  074, 075, 076, 099, 078, 079,
080, 081, 082, 083, 084, 085, 086, 087, 088, 089, 090,091, 092, 093, 



094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106, 107,
108, 109, 110, 111, 112, 113,  114, 115, 116, 117, 118, 119, 120, 121,
122, 123, 124, 125, 126, 127, 128, 129, 130, 131, D 32, 133, 25 134, 135,
136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149,
150, 151, 152, 153,  154, 155, 156, 157,158, 254, 159, 160, 161, 



162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172,  173, 174, 175,
176, 177, 178, 119,180, 181, 182, 183, 184 184, 185, 186, 187, 188, 189,
190, 191,  192, 193, 194, 195, 196, 197, 198, 199,200, 201, 202, 203,
204, 205, 206, 207, 208, 209, 210, 211,  212, 213, 214, 215, 216, 217,
218, 219, 220, 221, 222, 223, 224 and 2251, that further comprises an 30
immunological active component effective for the treatment and/or
prophylaxis of infections caused by infections caused by Adenovints
[combo 228]. According to a further embodiment, the present invention
relates to a combination vaccine according to any one of [combo 001,
002, 003, 004, 005, 006, 007, 008, 009, 010, 011, 012, 



013, 014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026,
027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 037, 038, 039, 040,
041, 042, 043, 044, 045, 88  According to a further embodiment, the
present invention relates to a combination vaccine for the treatment and/or
prophylaxis of cattle against microbiological infections in cattle, wherein
the combination vaccine comprises attenuated BVDV (types 1 and/or 2)
as described herein and at least i 5 one further immunological active
component effective for the treatment and/or prophylaxis of infections
caused by Astrovirus [combo 2301 According to a preferred embodiment,
the combination vaccine comprises attenuated BVDV (types 1 and/or 2)
as described herein and antigen of Astrovirus (combo 231). 20 According
to a further embodiment, the present invention relates to a combination
vaccine  according to any one of (combo 001, 002, 003, 004, 005, 006,
007, 008, 009, 010, 011, 012, 013,  014, 015, 016, 017, 018, 019, 020,
021, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031, 032, 033,  034,
035, 



036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046,047! 048, 049, 050,
051, 052, 053,  054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064,
065, 066, 067, 068, 069, 070, 071, 072, 073, 25 074, 075, 076, 077, 078,
079, 080, 081, 082, 083, 084, 085, 086, 087, 088, 089, 090, 091, 092,
093,  094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 



105, 106, 107, 108, 109, 110, Ill, 112, 113,  114, 115, 116, 117, 118, 119,
120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133,
134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 144, 147,
148, 149, 150, 151, 152, 153,  154, 155, 156, 157 ,158, 254, 159, 160,
161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 30 173, 



174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184 184, 185, 186, 187,
188, 189, 190, 191,  192, 193, 194, 195, 196, 197, 198, 199, 200, 201,
202, 203, 204, 205, 206, 207, 208, 209, 210, 211,  212, 213, 214, 215,
216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228 and 229i,
that further comprises an immunological active component effective for
the treatment and/or prophylaxis of infections caused by infections caused
by Astrovirus (combo 232]. According to a 89  further embodiment, the
present invention relates to a combination vaccine according to any one of
(combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011, 012, 013,
014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027,
028, 029, 030, 031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041,
042, 043, 044, 045, 046, 047, 048, 049, 050, 051, 052. 053, 054, 055,
056, 057, 058, 5  059, 060, 061, 062, 063, 064, 065, 066, 067, 068, 069,
070, 071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083,
084, 085, 086, 087, 088, 089, 090, 091, 092, 093, 094, 095, 096, 097,
098, 099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111,
112,113 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126,
127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140,
141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154.
155, 156, 157 ,158, to  254, 159, 160, 161, 162, 163, 164, 165, 166, 167,
168, 169, 170,171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182,
183, 184, 185,186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197
198, 199, 200, 201, 202, 203, 204 205, 206, 207, 208, 209, 210, 211, 212,
213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226,
227, 228 and 2291, that further comprises antigen of Astrovirus (combo
2331. IS According to a further embodiment, the present invention relates
to a combination vaccine for the treatment and/or prophylaxis of cattle
against microbiological infections in cattle, wherein the combination
vaccine comprises attenuated BVDV (types 1 and/or 2) as described
herein and at least one further immunological active component effective
for the treatment and/or prophylaxis of 20 infections caused by bovine
Parvevirus lcombo 2341 According to a preferred embodiment, the
combination vaccine comprises attenuated BVDV (types 1 and/or 2) as
described herein and antigen or bovine Parvovirus /combo 2351. 014,
015, 016, 017, 018, 019, 



020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031,032, 033, 034,
035, 036, 037, OM, 039, 040, 041, 042, 043, 044, 045, 046,047, 048, 049,
050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063,
064, 065, 066, 067, 068, 069, 070, 071, 072, 073, 074, 075, 076, 077,
078, 079, 080, 081, 082, 083, 084,085, 086, 087, 088, 089, 090, 091,092,
093, 094, 095, 096, 



097, 098, 099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110,
111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124,
125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138,
139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152,
153, 154, 155, 156, 157 ,158, 254, 159, 160,16!, 162, 163, 164, 165, 166,
167, 



168, 169, 170, 171, 172,                   173, 174, 175, 176, 177, 178, 179,
180, 181, 182, 1&3, 184 184, 185, 186, 187, 188, 189, 190, 191, 90   192,
193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206,
207, 208, 209, 210, 211, 212, 213, 214, 215, 



216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229,
230, 231, 232 and 233], that further comprises an immunological active
component effective for the treatment and/or prophylaxis of infections
caused by infections caused by bovine Parvovirus 5[combo 2361.
According to a further embodiment, the present invention relates to a
combination vaccine according to any one of [combo 001, 002, 003, 004,
005, 006, 007, 008, 009, 010, 011, 012, to 15 232, and 233], that further
comprises antigen of bovine Parvovirus [combo 2371. 20 According to a
further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections in cattle, wherein the combination vaccine
comprises attenuated nvnv (types 1 and/or 2) as described herein and at
least one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by Cryptosporbilum
parvum, Adenovirus, Astrovirus, bovine Parvovirus 2$ and Mycobacterim
avium paratuberculosis [combo 238], According to a preferred
embodiment, the combination vaccine comprises attenuated BVDV (types
1 and/or 2) as described herein and antigen of Ptyptosporidium parvum,
Adenovirus, Astrovirus, bovine Parvovirus and Mycobacterim avium
paratuberculosis [combo 239]. 30 According to a further embodiment, the
present invention relates to a combination vaccine for the treatment and/or
prophylaxis of cattle against microbiological infections in cattle, wherein
the combination vaccine comprises attenuated BVDV (types 1 and/or 2)
as described herein and at least one further immunological active
component effective for the treatment and/or prophylaxis of infections
caused by Eseherichia colt, Salmonella spp., preferably Salmonella
(Lublin, 91  Salmonella typbimurium and Salmonella newpon, bovine
Rotavirus and bovine Coronavirus, Cryptasporidium parvum, Adenovirus,
Astrovinn, bovine Paniovints and Myrobacterim avium paratuberculosis
[combo 2401. According to a preferred embodiment, the combination
vaccine comprises attenuated BVDV (types 1 and/or 2) as described
herein and antigen of 5 Escherichia coli, Salmonella spp., preferably
Salmonella dublin, Salmonella typhimurium and Salmonella newport,
bovine rotavinis and bovine Coronavirus, Cryptosporidium parvurn,
Adenovirus, Astrovims, bovine Parvovims and Mycobacterim avium
paratuberculosis lcom ho 2411. to According to a further embodiment, the
present invention relates to a combination vaccine for the treatment and/or
prophylaxis of cattle against microbiological infections in cattle, wherein
the combination vaccine comprises attenuated BVDV (types 1 and/or 2)
as described herein and at least one further immunological active
component effective for the treatment and/or prophylaxis of infections
caused by Streptococcus spp., preferably Streptoccoccus uberus and /or
is Streptococcus dysgalactiae 'combo 2421. According to a preferred
embodiment, the combination vaccine comprises attenuated BVDV (types
1 and/or 2) as described herein and antigen of Streptococcus spp.,
preferably Streptoccoccus uberus and/or Streptococcus dysgalattiae,
[combo 2431. According to a more preferred embodiment, the
combination vaccine comprises attenuated BVDV (types 1 and/or 2) as
described herein and antigen of Streptococcus spp., preferably 20
Streptoccoccus uberus and/or Streptococcus rlysgalactiae [combo 244].
According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections in cattle, wherein the combination vaccine
comprises attenuated BVDV (types 1 and/or 2) as described herein and at
least 25 one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by Streptococcus app.,
preferably Streptoccoccus inheres and /or Streptococcus allysgalactisie
and/or Staphylococcus aureus [combo 2451. According to a more
preferred embodiment, the combination vaccine comprises attenuated
BVDV (types I and/or 2) as described herein and antigen of Streptococcus
spp., preferably Streptoccoccus uberus and/or 30 Streptococcus
dysgalactiae, and/or Staphylococcus aureus [combo 2461. According to a
further embodiment, the present invention relates to a combination
vaccine according to any one of [combo 001, 002, 003, 004, 005, 006,
007, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017, 018, 019, 020,
021, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031, 032, 033, 92  034,
035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048,
049, 050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062,
063, 064, 065, 066, 067, 068, 069, 070, 071, 072, 073, 074, 075, 076,
077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087, 088, 089, 090,
091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104,
105, 106, 107, 108, 109, 110, 111, 112, 113,  5 114, 115, 116, 117, 118,
119, 120, 121, 122, 123, 124, 125, 124,127, In, 129, 130, 131, 132, 133,
134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147,
148, 149, 150, 151, 152, 153, 154, 155, 156, 157 ,158, 254, 159, 160,
161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174,
175, 176, 177, 178, 179, 180, 181, 182, 183, 184 184, 185, 186, 187, 188,
189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202,
203, 204, 205, 206, 207, 108, 209, 210, 211, 10 212, 213, 214, 215, 216,
217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230,
231, 232, 233, 234, 235, 236, 237, 238, 239, 240, and 241], that further
comprises an immunological active component effective for the treatment
and/or prophylaxis of infections caused by infections caused by
Streptococcus spp" preferably Streptoccoccus uberus and/or
Streptococcus dysgalactiae, and/or Staphylococcus aureus [combo 247].
According to a further embodiment 15 the present invention relates to a
combination vaccine according to any one of [combo 001, 002, 003, 004,
005, 006, 007, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017, 018,
019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031, 032,
033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046,
047, 048, 049, 050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060,
061, 062, 063, 064, 065, 066, 067, 068, 069, 070, 071, 072, 073, 074,
075, 076, 077, 078, 079, 080, 081, 082,  20 083, 084, 085, 086, 087, 088,
089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102,
103, 104, 105, 106, 107, 108, 109, 110, III, 112, 113, 114, 115, 116, 117,
118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131,
112, 113, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145,
146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157 ,158, 254,
159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170,171, 172, 173,
174, 175, 176, 177, 178, 179, 180, 181,  25 182, 183, 184, 185,186, 187,
188, 189, 190, 191, 192, 193, 194, 195, 196, 197 198, 199, 200, 201, 202,
203, 204 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217,
218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231,
232, 233, 234, 235, 216, 237, 238, 219, 240 and 241], that further
comprises antigen of Streptococcus spp., preferably Streptoccoccus
abeam and/or Streptococcus dysmdactiae, and/or Staphylococcus aureus
[combo 2481. According to a 30 further embodiment the present invention
relates to a combination vaccine according to any one of [combo 001,
002, 003, 004, 005, 006, 007, 008, 009, 010, 011, 012, 013, 014, 015,
016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029,
030, 031, 032, 033, 034, 035, 



036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049,
050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063,064,
065, 066, 067, 068, 069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 93
079, 080, 081, 082, 083, 084, 085, 086, 087, 088, 089, 090, 091, 092,
093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 



103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116,
117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130,
131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,
145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157 ,158,
254, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170,171, 172,
173, 



174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185,186, 187, 188,
189, 190, 191, 192, 193, 194, 195, 196, 197 198, 199, 200, 201, 202, 203,
204 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218,
219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232,
233, 234, 235, 236, 237, 238, 239, 240 and 241], that further comprises
antigen of Streptococcus app,, preferably to Streptoccoccus uberus and/or
Streptococcus dysgalactiae, and/or Staphylococcus aureus [combo 249].
According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections in cattle, wherein the 15 combination vaccine
comprises attenuated BVDV (types 1 and/or 2) as described herein and at
least one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by Streptococcus app.,
preferably Streptoccoceus uberus and/or Streptococcus dysgalactime,
Staphylococcus aureus, Effebsiella app, and Mycoplasraa app. [combo
2501. According to a preferred embodiment, the combination vaccine
comprises attenuated 20 BVDV (types I and/or 2) as described herein and
antigen of Streptococcus app., preferably Strepteccoccus uberus,
Streptococcus dysgalactiae, and/or Streptococcus auraus, Klebsiella app.
and Mycoplasma app. [combo 251]. According to a more preferred
embodiment, the combination vaccine comprises attenuated BVDV (types
1 and/or 2) as described herein and antigen of Streptococcus app.,
preferably Streptoccoccus amain and/or Streptococcus 25 dysgalactiae,
Staphylococcus aureus, Iffebsiella app., Mycoplasma app, and endotoxin
[combo 2521. According to a further embodiment, the present invention
relates to a combination vaccine for the treatment and/or prophylaxis of
cattle against microbiological infections in cattle, wherein the 



30 combination vaccine comprises attenuated BVDV (types 1 and/or 2) as
described herein and at least one further immunological active component
effective for the treatment and/or prophylaxis of infections caused by
Trichophyten and Microsporus, preferably selected from Trichophyton
verrucosum, Trichophyton mentagrophytes, Tffichophylon equinum,
Trichophyton sarldsovii, Micresporum sands, Microsporum cants var.
&mum, Microsporum cards var. distortum, and 94  Microsporunt gypseum
(combo 253). According to a preferred embodiment, the combination
vaccine comprises attenuated BVDV (types 1 and/or 2) as described
herein and antigen of Trichophyten, and Microsporus, preferably selected
from iffichophyton verrucosum, Trichophyton mentagrophytes,
Trichophyton equinurn, Triehophyton sarkisovii, Microsponim cants, 5
Microsporum canis var. obesum. Mierosporurn earns var, distortum, and
Microsponim gypseum [combo 254]. According to a further embodiment,
the present invention relates to a combination vaccine to 15 20 that further
comprises an immunological active component effective for the treatment
and/or prophylaxis of infections caused by infections caused by
Trichophyten and Microsporus, preferably selected from Trichophyton
verrucosum, Trichophyton mentagrophytes, 25 Trichophyton equinum,
Trichophyton sarkisovii, Microsporum canis, Microsportun canis var.
obesum, Microsporum canis var, distortum, and Microsporum gypseum
[combo 2551. According to a further embodiment, the present invention
relates to a combination vaccine 30  95  5 252], that further comprises
antigen of Trichophyten and Microsporus, preferably selected from
Trichophyton verrucosum, Trichophyton mentagrophytes, Tridmphyton
equinum, Trichophyton sarkisovii, Microsporum conic, Microsporum canis
var. obesum, Microsporurn canis var. distortum, to and Microsporum
gypseum [combo 2561 According to further embodiment, the source of the
combination vaccine is, Alpha 7", ALPHA- 7/M13", ALPHA-CD",
BAR-VAC(r) 7, BAR-VAC(r) 7/SOMNUS, BAR-VAC(r) 8, BAR-VAC(r) CD,
BAR-VAC(r) C/DT, BREED-BACK"- FP 10, BREED..BACKTM FP 10 HS,
BREED-BACK" IS FP 5, BREED-BACK" FP 5 115, BREED-BACK-10",
CALIBER(r) 3, CALIBER(r) 7, ELITE 4713, ELME 9", ELITE 9.HSTM,
EXPRESS*10, EXPRESS*10-HS, EXPRESS(r) 3, EXPRESS(r) 3/Lp,
EXPRESS I(r), EXPRESS(r) 5, EXPRESS* 54-IS, EXPRESS(r) 5-PHM,
EXPRESS(r) I. EXPRESS* 1/1P, OCU-GUARD(r) MB, PULMO-GUARD"
MpB, PULMO-GUARD" PH-M, PULMO-GUARD" PH-M/SDT,
PULMO-GUARDrm PHM-1, IL I GUARD", VIBRIO-LEP"TO- 20 5T(r) (all
of Boehringer Ingelheim, St Joseph, MO); Cobalt" 7, I-Site", Lepto 5,
Master Guard(r) Preg 5, Master Guard(r) 10, Master Guard(r) 10+ Vibrio,
Master Guard (r)15, P.H.M. Bac(r) 1, Prevent 6", Respromune(r) 4,
Respromune(r) 4 + SOninUmUnet (IM, SC), Respromune(r) 5
I-BP+BRSV, Respromune(r) 5+L5, Respromune(r) 5+L5 Somnus,
Respromunet 5+Somnumune, Respromune(r) 5+VL5, Respromune(r) 8,
Respromune(r) 9, Respromune(r) 10, Scour Vac" 4, Scour 25 Van"' 9,
Scour VaCTM E coli + C, Sornmunune(r), Titanium" 3, Titanium" 4,
Titanium" 4 L5, Titanium", 5, Titanium" 5 L5, Titanium(r) 5+P.H.M. Bac -1,
Titanium" BRSV 3, Titanium"' IFIR, Titanium" IBR-LP (all of Agri
Laboratories Inc., St Joseph, MO); Herd-Vac(r) 3, Herd-Vac(r) 3 8,
Herd-Vac(r) 8, Herd-Vac(r) 9, Surround", 4, Surround"' 4+HS, Surround"
8, Surround" 9, Surround"' 9-HS, Surround" HS, Surround" L5, Surround"
V-L5 (all of 30 BioCor, Omaha, NE (Pfizer)); Mycomunet (Biomune Co.,
Lenexa, KS); Bluetongue vaccine, Bovine Virus Diarrhea Vaccine,
Campylobacter fetus bacterin-bovine, Essential 1, Essential 2, Essential
2+P, Essential 3, Essential 3+T, Essential 4, Lepto-5, Mannheimia
haemolyticaPasteurella multocida bacteria, Pre-breed 6, Pre-breed 8,
Respira-1, Respira-3,Wart Vaccine (all of Colorado Serum Company,
Denver, CO); Pyramid(r) 3, Pyramid(r) 4, Pyramid(r) 4 + Presponse(r) 96
SQ, Pyramid(r) 5, Pyramid(r) 8, Pyramid(r) 9, Pyramid(r) IBR, Pyramid(r)
113R+Lepto, Triangle(r) I + Type IF BVD, Triangle(r) 3 + VL5, Triangle(r)
4 + HS, Triangle(r) 4 PH/HS, Triangle(r) 4 + PH-K, Triangle(r) 4 + Type IF
BVD, Triangle(r) 9 + HS, Triangle(r) 9 + PH-K, Triangle(r) + Type II BVD,
Trichguard(r), Trichguard(r) + V5L, TriVib 5L(r) (all of Fort Dodge Animal
Health, Overland 5 Park, KS (Wyeth)); 3-5 Escherichia coli Bacteria,
Serpens Species Bacteria; Staphylococcus aureus bacterin-toioid (all of
Hygieia Biological Laboratories, Woodland, CA); Endovac-Bovi(r) with
Immune!)Ms(r) (lmmvac, Inc.., Columbia, MO); 20/20 Vision(r) with
Spur(r), L5 SQ, Neoguardr9, MasterGuard(r) Preg 5, Once PMHZ, Once
PNIII(r) SQ, Vibralon/94-15, Vision(r) 7 Somnus with Spur(r), Vision(r) 7
with Spur(r), Vision(r) 8 Somnus with Spur(r), Vision(r) 8 with i0 Spur(r),
Vision(r) CD-T with Spur(r), Vision(r) CD with Spur(r), Vista1' IBR SQ,
VistaT9 3 SQ, VI5t4TM 5 SQ, VistaT9 5 L5 SQ, Vistam Once SQ, VL5
SQ. Volar(r), (all of Intervet Inc., Millsboro, DE); Vac(r), Reliant(r) 3;
Reliant(r) 4, Reliant(r) IBR, Reliant(r) 113R/DVD, Reliant(r) IBR/Lepto,
Reliant(r) Plus BVD-K (Dual IBRT9), Reliant(r) Plus (Dual IBRT9),
RespishieldT9 4, Respishiele9 4 L5, Respishield" HM (all of Medal LTD,
Duluth, GA); Arsenal(r) 4.1, Arsenal(r) 15 11311, Arsenal(r) [BR BVD,
Bovine Pill Shieldm, Bovine Pili Shieldr9+C, Clostri Shield(r) 7, Clostri
Shield(r) BCD, Fusogard(r), Lepto Shield19 5, Pinkeye Shield'' XT4,
Ss1mo Shield(r) T. Salm Shield(r) TD, Scour BosT9 4, Scour BosT9 9,
Somnu Shieldm, Trep ShieldT9 HW, Vib Shield(r) L5, Vib Shield(r) Plus,
Vila Shield(r) Plus L5, Vira Shield(r) 2, Vira Shield(r) 2+BRSV, Vira
Shield(r) 3, Vim Shield(r) 3+VL5, Vire Shield(r) 4, Vire Shield(r) 4+L5, Vim
Shield(r) 5, Vint Shield(r) 5+L5, 20 Vira Shield(r) 5+L5 Somnus, Vira
Shield(r) 5+Somnus, Vira Shield(r) 5+VL5, Vim e Shield(r) 5+VL5
Somnus, Vim Shield(r) 6, Vira Shield(r) 6+Sorrinus, Wart ShieldT9 (all of
Novartis Animal Health, Rase!, Swim/.land); Bovi-K (r) 4, Bovi_ShieldTM
3, Bovi-Shieldr9 4, Rovi-Shield19 I3RSV, RoviShield(r) FPTM 4+L5,
Bovi-Shield(r) GOLD 3, Bovi-Shield(r) GOLDS, Bovi-Shield(r) GOLD Firm
5 L5, Bovi-Shield(r) GOLD FPT9 5 VL5, Bovi-Shield(r) Gold IBR-BVD,
Bovi-Shield(r) Gold II3R- 25 BVD-BR.SV-LP, Bovi.ShieldTM IBR,
Bovi-ShieldT9 IBR-BRSV-LP, Bovi-ShieldT9 IBR-BVD, Bovi-Shield"'
IBR-DVD-BRSV-LP, Bovi.ShieldT9 IBR-P13-BRSV, Calf-Guard(r),
CattleMasier(r)  4, CanleMaster(r) 4+1,5, CattleMastert 4+V1...5,
CanleMaster(r) RVD-K, CattleMaster(r) Gold FPTM  5, CattleMastenff
Gold FPTM 5 L5, Defensort 3, Fortress(r) 7, Fortress(r) 8, Fortress(r) CD,
Leptoferme-5, One Shot(r), One Shot Ultrar9 7, One Shot UltraT9 8,
PregGuardni FP 9, 30 PregGuard(r) Gold FP"'' 10, Resvac(r)
BRSV/Somubac(r), Resvac(r) 4/Somubac(r), ScourGuard 3(r) (K),
ScourGuard (KYC, Somubac(r), Spirovac(r), Spirovact L5, Spirovac(r)
VL5, StayBredT9 VL5, TSV-294, Ultrabac(r) 7, Ultrabac(r) 7/Somubac(r),
Ultrabac(r) 8, Ultrabac(r) CD, UltraChoicelm 7, UltraChoicer" 8,
UltraChoiceT9 CD, Upjohn 1-5 Bacterin19, Vibrin(r) (all of Pfizer Inc., New
York, NY); Covexin(r) 8 Vaccine, Electroid(r) 7 Vaccine, Electroid(r) D,
Guardian"-', Jencine(r) 2, 97 Jencine(r) 3, Jencine(r) 4, Nasalgen(r) IP
Vaccine, Piliguard Pinkeye-1 Trivalent, Piliguard(r) Pinkeye + 7,
Piliguard(r) Pinkeye Triview(r), Siteguard(r) 0, Siteguard10 MLG Vaccine
(all of Schering-Plough Animal Health Corporation, Kenilworth, NJ);
Myco-BacTm 13, Poly-Bac Be 3, Poly-Bac Et(r) Somnus, Super Poly-Bac
Be Somnus (all of Texas Vet Lab, Inc, San Angelo, 5 TX), V,rabosTM3
with Immunostim(r), VirabosTm-4 + H. somnus with Immunostim(r),
Virabost4-4 with Irnrratnostim(r) (all of Bioniche Animal Health, Athens,
GA), wherein attenuated BVDV, as described herein, is added_
Alternatively, when BVDV antigen is present in any of those vaccines,
attenuated BVDV, as described herein, is added, or BVDV present any of
those vaccines is substituted by ane.nuated BVDV, as described herein
10 Formulaiions:  An important apect of the present invention is the
preparation of the combination vaccine(s). The skilled person knows
additional components which may be comprised in said composition (see
also Remington's Pharmaceutical Sciences. (1990). 18th ed. Mack Publ.,
Easton). The expert may use 15 known injectable, physiologically
acceptable sterile solutions. For preparing a ready-to-use solution for
parenteral injection or infusion, aqueous isotonic solutions, such as e.g.
saline or corresponding plasma protein solutions are readily available. The
pharmaceutical compositions may be present as lyophylisates or thy
preparations, which can be reconstituted with a known injectable solution
directly before use under sterile conditions, e.g. as a kit of parts. 20 In
addition, the immunogenic and vaccine compositions of the present
invention can include one or more veterinary-acceptable carriers. As used
herein,"a veterinary-acceptable carner"includes any and all solvents,
dispersion media, coatings, adjuvants, stabilizing agents, diluents,
preservatives, antibacterial and antifungal agents, isotonic agents,
adsorption delaying agents, and the like. 25 Diluents can include water,
saline, dextrose, ethanol, glycerol, and the like. Isotonic agents can
include sodium chloride, dextrose, mannitol, sorbitol, and lactose, among
others Stabilizers include albumin and alkalisalts of
ethylendiamintetracetic acid, among others. 30 Adjuvants include, but are
not limited to, the RIB1 adjuvant system (Ribi Inc.), alum, aluminum
hydroxide gel, Cholesterol, oil-in water emulsions, water-in-oil emulsions
such as, a g., Freund's complete and incomplete adjuvants, Block
co-polymer (CytRx, Atlanta GA), SAF-M (Chiron, Emeryville CA),
CARBOPOLlf, AMPHIGENO adjuvant, saponin,Quil A, QS-2I (Cambridge
Biotech Inc., Cambridge MA), GPI-0100 (Cialenica Pharmaceuticals, Inc.,
Birmingham, AL) or 98  other saponin fractions, monophosphoryl lipid A,
Avridine lipid-amine adjuvant, heat-labile enterotoxin from E. coli
(recombinant or otherwise), cholera toxin, or min-amyl dipeptide, among
many others. 5 The immunogenic compositions can further include one or
more other imrnunomodulatoty agents such as, e. g.,interleukins,
interferons, or other cytokines. The immunogenic compositions can also
include Gentamicin and Merthiolate While the amounts and
concentrations of adjuvants and additives useful in the context of the
present invention can readily be determined by the skilled artisan, the
present invention contemplates compositions comprising from about 50 ug
to about 10 2000 ug of adjuvant and preferably about 250 ug/ ml dose of
the vaccine composition. In another preferred embodiment, the present
invention contemplates vaccine compositions comprising from about
lug/ml to about 60 ug/ml of antibiotics, and more preferably less than
about 30 ug/ml of antibiotics. Is For example, in a composition according
to the invention, 104 to 106 TC1D50 of attenutated BVDV may be solved
in 25% (v/v) SGS (Sucrose 75 mg, Gelatine 20 mg, Potassium hydroxide
0.274 mg, L- &Mamie acid 0.72 mg, Potassium dihydrogen phosphate
0.516 mg, Dipotassium phosphate 1.254 mg, and 2 ml with water for
injection), and 5 % (v/v) cell culture medium, and 1 ml with water for
injection. This is further mixed with at least one further antigen of a bovine
pathogen, as 20listed above. According to a further embodiment the
combination vaccine is first dehydrated. If the composition is first
lyophilized or dehydrated by other methods, then, prior to vaccination,
said composition is rehydrated in aqueous (e.g. saline, PBS (phosphate
buffered saline)) or non-aqueous solutions (e.g. 25oil emulsion (mineral
oil, or vegetable/metabolizable oil based/single or double emulsion
based), aluminum-based, carbomer based adjuvant). 



Dose and administration:  According to the present invention, an effective
amount of a combination vaccine administered to 30 cattle, including
pregnant cows and calves nursing pregnant cows, provides effective
immunity against microbiological infections caused by BVDV and at least
one further pathogen as listed above. Prefered combinations of antigens
for the treatment and prophylaxis of microbiological diseases in cattle are
listed above. 99  Acording to one embodiment, the combination vaccine is
administered to calves in two doses at an interval of about 3 to 4 weeks_
For example, the first administration is performed when the animal is
about 1 to about 3 months of age. The second administration is performed
about Ito about 4 weeks after the first administration of the combination
vaccine. According to a further embodiment,  5 revaccination is performed
in an interval of 6 to 12 month after administration of the second dose. In a
preferred embodiment the first administration is performed about 5 weeks
prior to animal breeding The second administration is performed about 2
weeks prior to animal breeding Administration of subsequent vaccine
doses is preferably done on a 6 month to an annual basis. In another
preferred embodiment, animals vaccinated before the age of about 6
months should be 10 revaccinated after 6 months of age. Administration
of subsequent vaccine doses is preferably done on an annual basis. The
amount of combination vaccine that is effective depends on the
ingredients of the vaccine and the schedule of administration. Typically,
when an inactivated virus or a modified live virus  15 preparation is used
in the combination vaccine, an amount of the vaccine containing about
102 to about 109 TC11350 per dose, preferably about 103 to about 108
TCID50 per dose, more preferably, about 104 to about 108 TCIDso per
dose. For example, about 105 to about 108 TCIDso per dose of
attenuated BVDV (types I and 2) is effective when administered twice to
the animal during a period of about Ito 4 weeks, In general, inactivated
antigen is normally used in higher amounts than live  20 modivied viruses.
Typically, when bacterial antigen is used in the combination vaccine, the
vaccine contains an amount of about 105 to about le colony forming units
(CPU) per dose, preferably, about 106 to about 108 (CPU) per dose, more
preferably about 105 to about 106 (CPU) per dose. In the event, the
combination vaccine comprises live modified 113R, the amount of IBR
antigen is  25 preferably in a range of about 105 to 107'5 TCIThe per
dose. In the event, the combination vaccine comprises live modified P13,
the amount of PI3 antigen is preferably in a range of about 107 to 109
7C1D50 per dose, In the event, the combination vaccine comprises live
modified BRSV, the amount of BRSV antigen is preferably in a range of
about 1043 to 1063 TC11350 per dose. In the event, the combination
vaccine comprises killed MR, the amount of IBR antigen is preferably in a
range of  30 about 1099 to 10" TC111350 per dose. In the event, the
combination vaccine comprises killed PI3, the amount of P13 antigen is
preferably in a range of about 10" to 1092 TCID50 per dose. In the event,
the combination vaccine comprises killed BRSV, the amount of BRSV
antigen is preferably in a range of about 105'5 to 107-5 TCIDso per dose.
In the event, the combination vaccine comprises killed Leptospira spp. the
amount of each Leptospira spp. antigen is preferably in a range of about
1079 to 100  1010 (CFU) per dose. In the event, the combination vaccine
comprises killed H. somnus the amount of H. sommnus antigen is
preferably in a range of about 106-9 to 109 (CFU) per dose_ The
composition according to the invention may be applied intradermally,
intratracheally, 5 intravaginally, intramuscularly or intranasally, and
preferably intramuscularly or intranasally. In an animal body, it can prove
advantageous to apply the pharmaceutical compositions as described
above via an intravenous or by direct injection into target tissues. For
systemic application, the intravenous, intravascular, intramuscular,
intranasal, intmarterial, intraperitoneal, oral, or intrathecal routes are
preferred. A more local application can be effected subcutaneously,
intradermally, to intracutaneously, intracardially, intralobally,
intramedullarly, intrapulmonarily or directly in or near the tissue to be
treated (connective-, bone-, muscle-, nerve-, epithelial tissue). Depending
on the desired duration and effectiveness of the treatment, the
compositions according to the invention may be administered once or
several times, as well as intermittently, for instance on a daily basis for
several days, weeks or months and in different dosages. 15 Methods for
ireatment:  Yet another important embodiment of the invention is a method
for the prophylaxis or treatment of diseases caused by BVDV, and further
bovine pathogenic microorganism(s), wherein an attenuated 20 BVDV as
described herein and further immunological active components effective
for the treatment and/or prophylaxis of the infection caused by said further
bovine pathogenic microorganism is administered to an animal in need
thereof at a suitable dose, as known to the skilled person, 25 EXAMPLES
The following examples serve to further illustrate the present invention;
but the same should not be construed as limiting the scope of the
invention disclosed herein. 30EXAMPLE 1 BVDVfoetopathogenichry
assessment in pregnant heifers  101  BVDV XIKE-B, an RNase negative
mutant of the highly pathogenic BVDV type 2 isolate NewYork'931C was
recovered from the infectious cDNA clone pKANE4OB and showed wild
type-like (wE-like) growth characteristics in tissue culture. In animal
experiments, the mutant virus was found to be considerably attenuated so
that it represented a promising candidate for development of 5 a live
attenuated vaccine virus (Meyer at al., 2002). To test whether this
attenuated virus is still able to cross the placenta and infect the fetus,
pregnant heifers were infected with XIKE-B. As a control, wild type BVDV
recovered from cDNA clone pKANE40A was used The respective virus
named X1KE-A expresses an active Em RNase in the infected cell. The
study aimed to assess the safety of XIKE-A and XIKE-B in pregnant
animals. 10 EXPERIMENTAL DESIGN Ten pregnant heifers were
selected from a BVDV negative herd. The following groups of 5 heifers
were included in the trial:  No.InoculationVirus Group_li5One i. n.
administration,XIKE-A 3 ml in each nostril  Group 2:5One i. n.
administration,XIKE-B 3 ml in each nostril 15   Heifers were moved to the
experimental facilities 8 days before inoculations. Pregnancy status was
confirmed after transport into the experimental facility. Heifers were
between days 60 and 90 of gestation on the day of inoculation. Inoculation
took place for all animals at one point of time. 20Heifers were monitored
for the presence of clinical signs of BVDV infection including abortions
during the observation period. Blood samples were collected from the
animals for serology, antigen detection and white blood cells were
counted. The experiment was terminated 9 weeks after infection.
Non-aborted cows were slaughtered, the uterus examined and collected.
Fetal organ samples were collected during routine necropsy and
examined for BVDV infection. 25 The presence of fetal infection was the
main evaluation parameter, composed from the number of BVDV-related
cow mortalities, the number of BVDV-related abortions and the number of
BVDV positive fetuses at termination. In addition to the main parameter,
clinical signs characteristic for 102  BVDV infection, viraemia and white
blood cell counts in cows, and rectal temperature after challenge were
evaluated. Animals 5 Heifers were purchased from a farm free of BVDV
Only animals, which met the following inclusion criteria, were used.
Inclusion criteria - Free of BVD antibodies; each individualested in the
serum antibody test prior to transport soand at the initiation of the study
(at the animal test facility). - Free of BVDV; plasma and/or buffy-coat
preparation from each individual was tested by a suitable test.  - Clinically
healthy at the initiation of the study judged upon physical examination.
The health examination of the animals was accomplished in accordance
with the current, generally accepted I5veterinary predict Pregnancy
confirmed by physical examination before inoculation. Pregnancy was
between 60 - 90 days at the time of inoculation, proven by insemination
records. Test Strain A 20 



Description: XIKE A, live virus BVDV strain Composition: Experimental
material comprising of cell cultum supernatant of low passaged XIKE-A
BVD components: BVDV type If strain: XII<E-A Supplied by: Dr. Gregor
Meyers, -Bundesforschungsanstalt fur Viruslaankheiten der Tiere"
(BFAV), PaulEhrlich-Streik 28, 72076 Tubingen, Germany Applied BVD
virus dose: Type I strain:105 TCID50/6m1 (TCID = Tissue Culture
Infective Dose) Applied vaccine volume: 3 ml per nostril Application route:
Intranasal Preparation of dosage form: The inoculum was sent in a
pre-diluted frozen form in a 50 ml vial on dry ice and was stored at -70C
before inoculation. Immediately before inoculation of Group I heifers, the
material was thawed avoiding local temperatures above 37 C. After no ice
was visible in the fluid, material was gently stirred and immediately used
for inoculation of the animals. Unused inoculum: The volume of the
unused material was measured  103  and split on two aliquots before
immediate freezing in dry ice or liquid nitrogen and stored for re-titration
purposes. Virus and contaminated plastic or glassware were incubated
with an appropriate volume of an 8 - 10 % formaldehyde solution for at
least 24 hours at room temperature before discarding in order to inactivate
viruses.  Test Strain B Description: XIKE B live Villa BVDV strain
Composition: Experimental material comprising of cell culture supernatant
of low passaged XIKE-B BVD components: BVDV type II strain: XIKE-B
Supplied by: Dr. Gregor Meyers, "Bmidesforschungsanstalt for
Viruskrankheiten der Tiere" (BFAV), PaulEhrlich-StraBe 28, 72076
Tubingen Germany Applied BVD virus dose: Type I strain. 105
TCID50/6rn1 (TCID = Tissue Culture Infective Dose) Applied vaccine
volume: 3 ml per nostril Application route: Intranasal Preparation of
dosage form:   The inoculum was sent in a pre-diluted frozen form in a 50
ml vial on dry ice and was stored at -70C before inoculation. Immediately
before inoculation of Group 2 heifers, the material was thawed avoiding
local temperatures above 37C, After no ice was visible in the fluid,
material was gently stirred and immediately used for inoculation of the
animals. Unused vaccine: The volume of the unused material was
measured and split on two aliquots before immediate freezing in dry ice or
liquid nitrogen and stored for re-titration purposes. Virus and contaminated
plastic or glassware was incubated with an appropriate volume of an 8-
10% formaldehyde solution for at least 24 hours at room temperature
before discarding in order to inactivate viruses.  5 Pregnancy Control
Pregnancy was confirmed immediately before inoculation. Inoculation of
Heifers lcThe date of inoculation is Day 0 of the experiment. In each
nostril, ml of the test material was administered intranasally by syringe
without needle. 104  Each time a new sterile syringe was taken.
Administration was perfonned during the aspiration phase in order to
minimize loss of fluid via expiration of material. Post-Inoculation
Observations 5 Collection and exeminstion of blood samples Blood was
collected following standard, aseptic procedures (disinfecting the bleeding
site). A new sterile syringe and needle was used for each animal Blood
collection to prepare serum 10 At least 10 ml blood was collected from the
heifers immediately before inoculation, then weekly after infection and at
the termination of the study. Serum was stored at -20 C until required.
Blood collection for leukocyte counts and buffi, coat preparations For
leukocyte counting, 3 ml blood was transferred immediately after
collection to suitable sterile 15vessels (Venoject, Terumo Europe N.V.,
Leuven, Belgium), pre-filled with 0.06 ml EDTA (0.235 MOUL). For buffy,
coat preparations, at least 15 ml blood was transferred immediately after
collection to suitable sterile vessels, pre-filled with 0.1 ml Heparin solution
(Na-heparin for inj., 5 000 lUdni lot. 20 A7B163A exp. date 11/2000:
Gedeon Richter RT, Budapest, Hungary) yielding at least 20 IV Heparin
per ml blood in the blood sample. The content was carefully mixed
thereafter. For preparation of buffy coats and leukocyte coming, blood was
collected from the heifers 



5on every day, between Day 0 and Day 14 after infection; 25 aon every
second day, between Day IS and Day 40, or until all animals were
negative for virus isolation for three consecutive sampling time points.
Preparation of serum Blood was allowed to clot at room temperature, and
separated by centrifugation. Each serum sample 30 was divided into two
aliquots of at least 2 ml each. One set of aliquots was assayed for BVDV
specific antibodies by ELISA The rest of the sera was frozen and stored at
-20C until required.  105  Leakoeyte counts Leukocyte counts were
determined with a coulter-counter semi-automated electronic device
(Diatron Minicell-16, Messtechnik GmbH, Wien, Austria) with a claimed
accuracy- of 0.1 x 109 / I, 100 / pi. The instrument was used (calibration
and leukocyte-counts) according to the 5 manufacturer's
recommendations. Preparation of MIL, coats   Heparin blood samples
were transported to the laboratory as soon as possible. Buffy coat
preparation procedure, following a standard laboratory procedure was
performed under aseptic 10conditions (sterile pipettes, handling, clean
bench etc.). The obtained buffy coats were re-suspended in a small
volume (2 ml) of RPM' 1640 and frozen at - 70 C in two aliquots of 0.5 ml.
The residual 1ml huffy coats were immediately used for determination of
blood cell associated BVDV by co-cultivation in a permissive cell culture.
15 BVD serum antibody EL1SA-test Each serum sample was tested for
the presence of BVDV-antibodies using a suitable and validated ELISA
test (Svanovirml BVDV antibody test Catti 10-2200-10). Each test was
validated and performed according to the manufacturer's
recommendations. Positive samples were diluted 20according to the log2
scale to determine BVDV antibody titers. Ski) antigen assay(s)    Each
huffy coat sample was assayed for the presence of BVDV by
co-cultivation of the freshly prepared bulTy-coats with susceptible cells or
a cell-line, No freezing was allowed before co-25cultivation. Plasma was
collected and provided to Man-Gene from each sample. Clinical
observations 30 Observation of heffers Animals were examined daily from
Day 0 - 42 post inoculation for the presence of clinical symptoms by a
sufficiently trained veterinarian.  106  All clinical signs were recorded and
described by their nature, consistence/touch, severity (mild, medium or
severe) location, size of the area affected, and they were scored
according to agreed and standard definitions. Special attention was paid
to respiratory signs (respiration, its rate; nasal or ocular discharge;
conjunctivitis, sneezing, coughing, etc.) and diarrhea 5 Rectal
temperatures  Rectal temperatures were measured daily in each heifer, at
the same hour of the day (preferably in the morning) from 5 days prior to
the inoculation until 21 days post infection. to Daily measurement of rectal
temperature was continued until each animal had rectal temperatures
below or equal to 39 C for at least 3 consecutive days. Detection of
interrupted pregssaacy Pregnancy was confirmed and suspicion for
abortion or resorption of the fetus was established by 15 rectal
examination. A trained veterinarian examined all animals at inoculation, 1,
and 2 months post-inoculation. The examination was canned out
according to the generally accepted veterinary practice.       Heifers were
examined daily for any sign of abortion until termination of e study (8 - 12
weeks 20post-challenge). Termination of the Study   The study was
terminated by slaughtering the heifers and extracting the fetuses. Fetuses
and fetal material were transferred into closed transport containers
marked with the number of the cow and 25 the date/time. Containers were
transported to a selected necropsy room. Necropsy of the heifers was not
required. Necropsy was performed on fetuses, findings recorded and a
panel of samples collected as described below. 30 Post-Mortara
Examination A detailed necropsy of the experimental animals was done in
each case of death. Post-mortem examinations were carried out by an
experienced veterinary surgeon and the data were recorded on
appropriate data sheets. Further laboratory tests were performed
according to the clinical signs and lesions observed. If the diagnosis of the
necropsy referred to a disease caused by microbial agent 107  the
diagnosis was verified by an appropriate test, specific for the agent. Each
tissue sample was collected in at least 2 separate, labeled containers and
snap-frozen in liquid nitrogen. Samples were stored at -70 C until
required. 5 Aborted fetuses and study termination Al least the following
tissue samples were collected from the fetuses:  exudate front the
peritoneal cavity or thorax, if present,  mesenteric lymph nodes,  spleen,
to? thymus,  cerebellum,  kidney,  bone marrow from the sternum,  sample
from the placenta, if available. 15 Dead or sacrificed heifers At least the
following tissue samples were collected:  blood for bully coat, if available,
blood for serum, if available, 



Peyer's patches,  mesenteric lymph nodes,  spleen,  kidney,  uterus,
including a sample from the placenta, if available. Storage and Transport
of Samples Sam.les: Stor te: Se -20 C Bucoat -70 C Virus -70C Tissue
from 70 C Tissue from fetuses -70C  Samples were sent for laboratory
analysis as required by the sponsor. The choice of samples and the 30
timing of transport were agreed with the study monitor or the project
manager. As a matter of 108  general principle, samples coming from
aborted material or from new-born calves were inv gated as soon as
possible. RESULTS 5 Summary of BVD related clinical and laboratory
data Group I NT: not tested Group 2 Animal ConclusionBVD No 469 565
588 6(18 1619 Clinical BVD abortion Expected BVD abortion; non-viable
foetus Normal Normal BVD abortion (foetus post-modem) - (foetus)* +
(foetus) - (foeius) + (foetus) - (foetus)'       * Foetuses were autoiy sed at
the time of sampling 10 Conclusion: The study aimed to assess the safety
of XIKE-A and X1KE-B in pregnant animals. Ten pregnant heifers were
selected from a BVDV negative herd. Two groups of 5 heifers were
included in the trial: one was inoculated with XIKE-A the other with XIKE-B
virus strain. Heifers were between 15 days 60 and 90 of gestation on the
day of inoculation. Heifers were monitored for the presence of clinical
signs of BVDV infection including abortions during the observation period.
Blood samples were collected from the animals for serology, antigen
detection and white blood cells were counted. The experiment was
terminated 9 weeks after infection. Non-aborted cows were slaughtered,
the uterus examined and collected. Fetal organ samples were collected
during routine necropsy and 20 examined for BVDV infection, 109  The
XIICE-B virus proved to be less pathogenic than XIKE-A, nevertheless
BVD related abortion and infection of the foetus was observed in the
XIKE-B group, too. Therfore it can be concluded that the inactivation of
the E" RNase does not prevent fetal infection. 5 EXAMPLE 2
RDVXlKE.ANdMfoetopaIIwgenichp assessment in pregnant hinters The
NI" gene has been shown to be nonessential for growth of CSFY in tissue
culture (Tratschin at to al., 1998). Even though a proof for BVDV
attenuation in consequence of N" deletion is still missing, a role of this
protein in the interaction between virus and host seemed to be possible
and was actually indicated by recent experiments for CSFV (Mayer et al.,
2004; Ritggli et at, 2003). We therefore wanted to investigate, whether the
deletion of the major part of the N" coding sequence leads to a virus that
no longer infects the fetus in pregnant heifers. The NI" gene, except 15 for
the 5' terminal 4 codons, was deleted from the full length cDNA clone
pICANE40A according to standard procedures. The resulting mutant full
length clone was used as template for in vitro transcription and the
resulting RNA was transfected into IVIDBK cells as described (Meyer et
al., 2002). The recovered virus was amplified in tissue culture and then
used in the animal experiment described below. BVDV XIKE-B served as
a control since it was shown before That it is able to 20 cross the placenta
(EXAMPLE 1). 25 OBJECTIVE(S)/PURPOSE OF TUE STUDY The study
aims to assess the safety of a live attenuated BVDV the N" coding region
in pregnant animals. Material and Methods applied are described in
Example a genomic deletion of most of  STUDY DESIGN      Eight
pregnant heifers were assigned at random to two groups. They were
treated and observed 30according to the following schedule: 



Groupl Group 2 N 5  Treatments X1KE-A-NdN XIKE-B / control Route
Intramuscular  110   Vaccination time between days 60 and 90 of
pregnancy (day 0 of the study) Observations Post-vaccination (in Life)
Clinical signs  Serum at days 0, 14, 28, 42 and at termination  WBC at day
0 and then daily for 14 days  Buffy coat at day 0 and then daily for 14 days
Post-monem (day 60)  Gross-pathology  Organ panel for virus isolation
Type of study: open controlled clinical study Experimental unit: Individual
animal Method of blinding: Partial blinding. No detailed procedures for
Winding and access to treatment schedule were applied. The observing
veterinarian at the study location and the pathologist were not be aware of
the treatment; they only received a protocol extract relevant to their tasks.
Vaccination was performed by the investigator or his assignee. Samples
for virus isolation were coded by the investigator until all results are
available.  RESULTS     All heifers were healthy and pregnant at study
start All animals proved to be free of BVDV and 5BVDV antibodies before
the initiation of the study. Preparation and Control of the Virus used for the
Infection Samples were collected throughout the dilution steps and
assayed on the day of preparation, i.e. towithout freezing by co-cultivation
on suitable tissue culture. The results of virus titration are shown in the
following table. Sample ID Virus strain Dilution t description Loam titre/ml
VTla XIKE-A/NdN (S) 1:2 (at 4 C) 4.4 VTI b  112a on ice without opening
4.0 VT1c  Return of #26 2.8 VT2a X1KE-B 12.2 (at 4 C) 2.3 VT2b  43a on
ice without opening 2.8 VT2c  Return of #3b Negative 



Clinical Symptoms of BVDV Infection 15 The table below gives a
summary about the period. Ms that had clinical signs during the
observation  Clinical Sirms and the days post inoculation (DPI) when they
were observed Group I (X1KE-A NdN)Group 2 (XIKE-B) 111   Clinical sign
Animal ID  1583   Loss of appetite 8 Lachrvmation  Conjunctivitis - Nasal
discharge - Oral erosion  Oral haemorrhage  Diarrhoea  Coughing
Abnormal breathing  Elevated respiratory  Hoof erosion    Only mild and
transient clinical qns were observed in some of the animals in each group.
In Group 1, one out of the 5 heifers had loss of appetite on day 8 Pl. In
Group 2, two out of the 3 animals had clinical signs. Both heifers
experienced coughing around day 21 PI that was 5 accompanied with loss
of appetite in one of the animals. Rectal Temperatures No abnormal
temperature changes were detected before the inoculation of the animals.
The few cases of elevated temperatures measured after the inoculation
are summarised in the table below. 10      Group Animal ID Temperature
(C) PI day  2 1583 1621 1438 1585 39.9 39.0 39.0 40.8 8 5 2 9  One
animal in each group had slightly elevated temperature, and also one
animal in each group had fever. Fever was detected on day 8 or 9 PI.
Temperature values always returned to normal values on the following
day. 15 Leukocyte Counts 



Some leukopenia was observed in all groups between PI days 3 -8. The
number of animals with at least 40 % reduction in white blood cell count is
noted below: 112  GroupNumber of animals having leukopenta / total
3/5(60%) 21/3 (33%)  Serology (BVDV antibodies)   In compliance with
the study protocol, all heifers were free of BVDV antibodies before
vaccination. In Group I (inoculated with XIKE-A NdN) and Group 2
(inoculated with X1KE-B), complete 5seroconversion was detected only at
study termination (2 months after inoculation). BVD vines isolation from
buff' coats No viremia was detected to BVD virus isolation from fetal tissue
samples  Group I Group 2 N 5 3 Treatments XIKE-A-NdN XIKE-B / control
Route Intramuscular Intramuscular Number of fetuses in which fetal
transmission was detected: 4 out of 5 foetuses infected 2 out of 3 foetuses
infected Conclusion of the virus used for treatment has the potential to be
transmitted over the placenta: Fetal transmissionFetal transmission for
XIKE-A-NcINfor XECE -13 observedobserved  Conclusion The NP"'
deletion resulted in a considerable attenuation of the BVDV in comparison
to the parental IS virus XIKE-A that was shown to be highly pathogenic
(Meyer et al., 2002). However, the Nr" deletion alone is not preventing
transmission of a NY93 based virus recombinant to the foetus after
inoculation of pregnant cows. EXAMPLE 3 20BVDVfoeumatitogenielty
assessment in pregnant heifers To be able to test the potential of a
combination of RNase inactivation and NP"' deletion with regard 113  to
BVDV attenuation and fetal transmission, different BVDV-2 mutants with
deletions within the NF''' coding region were established based on the
infectious cDNA clone plCANE40B, the RNase negative mutant of
pKANE40A with a deletion of codon 349. The recovered viruses were
analyzed with regard to presence of the desired mutations, the absence of
second site mutations in the regions 5 flanking the introduced changes
and their growth characteristics in tissue culture. X1KE-B-NdN (VpK8gC),
a variant containing a deletion of the complete Nfm coding region except
for codons 1 to 4 in addition to the RNase inactivating deletion of codon
349 was chosen for an animal experiment since it combined the desired
mutations with screptable growth characteristics. The aim of the study was
to assess the safety of a live attenuated BVDV isolate in pregnant
animals. to Five BVDV-negative, pregnant heifers were inoculated
intranasally with an infective dose of 105 TCIDsdanimal XIKE-B-Nc1N.
Clinical data were recorded daily. Blood samples were collected for white
blood cell counting, huffy-coat preparation, and serology. After temiination
of the study fetal tissues were collected for virus isolation. 15 MATERIAL
AND METHODS: As detailed for example 1: RESULTS No clinical data
were observed (data not shown). Leukocyte counts remained virtually
unchanged 20except for a significant decrease by approximately 40%
below the baseline value (day0) in heifer no- 1015 on a single day (day 6
p.i.) (data not shown). a) Analysis of huffy coat preparations:
Approximately 106 leukocytes were cultured in duplicates with
MDBK-cells in 24-well tissue 25 culture plates for 5 days. Samples were
freeze-thawed twice. One hundred microliter aliquots of thawed samples
were inoculated onto freshly seeded 24-well tissue culture plates and
tested for virus by indirect immuno-fluorescence staining (mAb Code 4,
directed against a conserved epitope in nonstructural protein I453). No
BVDV could be isolated from the huffy coat preparations of animals 4 921,
1013, 1015, 1055 and 1075, whereas positive controls clearly showed the
correct 30conduction of the test. I.) Post-mortem examination of fetal
tissues After termination of the study the following fetal tissues were
collected for virus isolation: spleen, kidney, thymus, sternum, cerebellum,
placenta, intestine and abdominal fluid. Briefly, tissue 114  suspensions
were made in a mortar using sterile sea sand and ice-cold PBS without
Ca2' and Mg2+. Mortars were rinsed with I ml ice-cold PBS without Caz
and Mg2' and suspensions were centrifuged for 10 minutes at 2000 x g
(4C). The supernatant was first passed through a disposable 0.45 pm filter
holder, followed by a second filter passage (0.2 gm pore size). Virus
isolation was 5 carried out in duplicate (400 pl fetal tissue suspension or
100 pl fetal abdominal fluid) on a monolayer of MDBK-cells in a 24 wells
tissue culture plate (37C, 7% CO2). Tissue samples were controlled daily
for cytopathic effects or bacterial contamination, and after an incubation
time of 5 days, plates were frozen and thawed twice. 100 gl of samples
were passaged to freshly seeded MDBK-cells. Virus was detected by
indirect immuno-fluorescence staining (mAb Code 4). No toBVDV could
be detected in the tissue samples or fetal abdominal fluid. c) Seralogical
Findings Serum neutralization titres were determined before inoculation, 1
month post-inoculation and at termination of the study. Sera from all
animals were tested in triplicate for neutralizing antibodies 15 against
NY93/C, and the endpoint dilution was read by indirect
innnunotluorescence staining. Results were expressed as the endpoint
dilution, which neutralized approximately 100 TC1D50 and calculated by
the method of Kaerber. No definite data could be obtained for day 0, and 1
and 2 weeks post infection as the sera were toxic for MBDK-cells in
dilutions up to 1:16 and no neutralization could be detected at higher
dilutions. Starling with the third week post vaccination all 20 animals
developed neutralizing antibodies against the homologous BVDV-2 virus
NY'931C lasting till the end of the experiment (Fig. 1). d) Conclusions The
data obtained during the animal study clearly show that BVDV
XIKE-B-NdN represents a 25 highly attenuated virus. In contrast to wild
type virus or the single mutants 71,1KE-B or XIKE-ANdN that show fetal
transmission in pregnant heifers at high rates the double mutant did not
cross the placenta. BVDV X1KE-B-NdN an well as similar double mutants
are extremely suitable for use in a live attenuated vaccine. 30 Efficacy and
crossprotection study 



Two possible problems have to be faced with regard to vaccination with
attenuated virus mutants BVDV XIKE-B or BVDV XIKE-B-NdN. First, there
is a general problem concerning cross protection between BVDV-1 and
BVDV-2. Al least vaccination with inactivated BVDV-1 vaccines did not
prevent the transmission of BVDV-2 to the foetus in pregnant animals.
Since protection 115  against fetal infection represents the major aim of
anti BVDV vaccination, such vaccines cannot be regarded to induce a
protective immunity on a broad range_ The question therefore was,
whether vaccination with live attenuated BVDV-2 can prevent virus
transmission to the foetus. Second, the reduced growth rates of BVDV
XIKE-B-NdN might result in only a low level of protection not able 5 to
prevent transplacental infection of the foetus in pregnant heifers. To
address these problems, an animal study was started. The animals (2
groups of I() animals each) were vaccinated either with BVDV XIKE-B or
X1KE-B-NdN (intended dosage: Ind of supernatant with 105 TCID50 of
virus). None of the animals showed significant clinical signs after the
vaccination except for one animal of the nonvaccinated control group with
mild coughing for one day. Rectal temperature values were 10 below 39C
except for one animal of the nonvaccinated control group that was 39.1C
for one day. Huffy coat samples prepared after vaccination were analysed
for the presence of virus as described above_ The experiments showed
that only 5 of the 20 animals contained virus in the blood for 1 or 2 days at
4 to 8 days post infection. 15 Four weeks after vaccination, insemination
of the animals was carried out. Challenge infections were performed 60 to
90 days later using either a BVDV-I strain (BVDV KE-9, heterologous
challenge, animals vaccinated with XIKE-B) or a heterologous BVDV-2
strain (BVDV KE-13, homologous challenge, animals vaccinated with
X1KE-B-NdN) (intended dosage: 105 TC1D50 in 6m1). From each group
of vaccinated animals 5 pregnant heifers were randomly selected for the
20 challenge infection. Animals vaccinated with BVDV X1KE-B were
challenged with the BVDV-1 strain ICE-9, whereas heifers vaccinated with
BVDV X1KE-B/NdN were challenged with BVDV-2 ICE-13. in addition, 2
nonvaccinated control animals were infected with each of the challenge
viruses. The vaccinated animals did not show viremia or clinical symptoms
upon challenge infection. The challenge was successful as all
non-vaccinated controls were BVDV positive. Only 25 mild signs of
disease were observed in the control groups. The white blood cell counts
were nearly normal (not shown). Serum neutralization titers were
determined before inoculation, 1 month post-inoculation, before challenge,
1 month after challenge and at termination of the study. Sera from all
animals were tested 30 in triplicates for neutralizing antibodies against
ICE9 and NY93/C (I456Nase), and the endpoint dilution was read by
indirect immunofluorescence staining. Results were expressed as the
endpoint dilution, which neutralized approximately 100 TC1D50 and
calculated by the method of Kaerber. At some of the higher antibody titres,
the used endpoint dilution was not high enough. Against KE9, only
animals vaccinated with XIKE-B developed low antibody titres starting
about week 4. At 116  challenge, all animals had antibody titres, which
increased considerably starting around week 4 post challenge. XIKE-B
vaccinated animals had higher antibody titres then those vaccinated with
XIKEB-NdN vaccinated. All animals developed about the same
neutralization titre against NY93/C four weeks post vaccination, with
marginally lower titres in XlICE-B-NdN vaccinated animals. Afier
5challenge, all animals had high antibody titres. Fig. 2 shows the serum
neutralization assay against KEY (BVDV-1) and Fig. 3 shows the serum
neutralization assay against NY93/C (BVDV-2). Analysis of tissue
samples obtained after termination of the study from the foetuses revealed
that the material obtained from the vaccinated animals gave negative
results whereas transmission had tooccurred in all 4 control animals.
Thus, it is clear that the established BVDV-2 mutants are well suited as
efficient cross protective vaccine viruses. Conclusion The challenge was
successful as all non-vaccinated controls were BVDV viraernic and
foetuses of t5 all non-vaccinated controls were BVDV positive. Both
isolates gave full protection under the present test and assay conditions.
Isolate XIKE-B, with the single genetic marker was shown to cross-protect
against type 1 BVDV challenge in terms of BVD viraemia and
transmission to the foetus after challenge. Isolate XIKE-B-NdN with the
double genetic marker was able to fully protect against a heterologue type
2 BVDV challenge strain in terms of BVD viraernia and 20 transmission to
the foetus after challenge:  1. Isolate XIKE-B (type 2 isolate) was shown to
cross-protect against type 1 BVDV challenge in terms of BVD vtraemia
and transmission to the foetus after challenge under the present test and
assay conditions (n=4).  2. isolate XIKE-B-NdN (type 2 isolate) fully
protected against a heterologues type 2 BVDV 25challenge strain in terms
of BVD viraemia and transmission to the foetus after challenge under the
present test and assay conditions (n=5). EXAMPLE 4 Establishment of N'
mutants 30 This Example further analyzes BVDV-2 mutants with N"
deletions. Different mutants with deletions in the NPm-coding region of the
genome were established. Initially, only true deletions or a deletion
accompanied by a point mutation were introduced. A:iNint-r-term]; 117
WO 2007/117303PCT/US2006/060918 B: [NM-[C-term]; C: [Nna-(C-terml,
D: [NM-LC-term]; E: [C-terrn 5 In the formulas [N"J" represents the
number of residues of the aminoterminus of N" that are left in the mutated
polyprotein amino acids, IC-terml is the complete poly protein except for N'
(starting with the C protein and ending with NS5B), and [C-term] is the
same as [C-term] but with a mutation at position 2 of the C protein (4
instead of D). The growth rates of the recovered viruses were
considerably lower than those of wild type X1KE-A or the RNase negative
mutant XlICE-B. to There are two possible explanations for this finding: (i)
dependent on the virus strain, sequences of variable length of the
N"-coding region are necessary for efficient translation initiation (Myers et
al., 2001; Tana et al., 1999) and (ii) the fusion of additional sequences to
the arninotenninus of the capsid protein interferes with capsid protein
function. To obtain better growing N" deletion mutants, a second set of
mutants was generated with either a bovine ubiquitin gene or a fragment
of 15 the bovine GC3-coding sequence replacing the major part of the N"
gene. These constructs allow efficient translation and generate a repaid
protein with the correct amino terminus. [ W12-if* CC-term]       wherein
PS is ubiquitin or LC3, C-term is the comptete polyprotein except for N"
(starting with 20 the C protein and ending with NS5B). The growth rates of
these mutants were more similar to what was determined for X1KE-A. It
even seemed that the two RNase positive viruses according to the formula
[NP`122-(PS].. (C-term] named V-pK87F and V-pK87G showed no
significant growth retardation at all, whereas the RNase 25 negative
counterpart V-pK88G once again was somewhat hampered in propagation
but to a lesser extent than the formerly described mutants. Further
examples of N" deletion mutants may be: MESDEGSK...(SEQ ID NO 28)
30 MELFSSDEGSK...(SEQ ID NO 29) MELFSNESDEGSK...(SEQ ID NO
30) MELPSNELSDEGSK...(SEQ II) NO 31) MELFSNELLSDEGSK(SEQ
ID NO 32) 118  WO 2007/117303PCT/US2006/060918
MELFSNELLYSDEGSK...(SEQ ID NO 33)
MELFSNELLYKSDEGSK.(SEQ ID NO 34)
MELFSNELLYKTSDEGSK.(SEQ ID NO 35)     MELFSNFI I YKT
represents the aminoteminal sequence of NPrn of the BVDV isolate 5
NewYork93/C. 



It may also be possible to use variants of this sequence with one or
several mutations. Especially the naturally occurring variations as found in
other pestiviruses can be expected to be functional_ Therefore, the
complete list of the tested or proposed variants with the different parts of
the aminoterminal end of br can be enlarged by equivalent sets with
amino acid exchanges. Below, to typical examples of the respective
sequences are given for several pestiviruses but the possible variations
are not limited to these examples. BVDV NewYork93/C: BVDV CPI3:
BVDV SDI: 15 CSFV Brescia: BDV X818: MELFSNELLYKT MELISNFI I
YKT MELITNFI I 19CT MELNHFELLYKT MELNKFELLYKT (SEQ ID NO
36) (SEQ ID NO 37) (SEQ ID NO 38) (SEQ ID NO 39)  Thus, these
variants for example may include: MELb[PS]0[C-ten-n];
AirfELE-IPS]e4C-termll; 20 AfEL/SW1PSHC-term];
MEL/SNMESjo-[C-teml; MEL fSNEL-IPS104C-termi; MEL/SNR./
-(PS)04C-term]; MELISNELLY-IPSHC-term]; 25
MELISNELLYK-[PS]r[C-term]; MELISNELLYKT-PS]r[C-terml;
MF_LfTIPSIAC-terrn]; MEL/TN-CPS]sr[C-temi]; MELfTNE-[PS]r(C-term);
30 MELI7TIEL-PS101C-term4; MELIIWELI-[ES]o4C-term];
MELITNELLY-[PSJ0-[C-term]; MELITNF LI  YK1PS]o4C-term1; 119
MELITNELLYKT-IPS1n4C-tenn]; These formulas may also have (PSI, i.e.
PS may also be one of the PS as described herein. Sequences belonging
to the NP' protein are in italics. Amino acid exchanges with regard to the
sequence of BVDV NewYork93/C are in bold. 5 Further examples can be
found e.g. by using the GenBank accession numbersen in Becher et al.,
2003, Virology 311, 96-104) or by standard sequence data searches. A
further possibility could be the use of a processing signal (PS) inserted
between the (residual) toNP" sequence and the aminoterminus of the
capsid protein The PS leads to a cleavage that generates a functional
capsid protein. The configuration of such constructs could be as follows:
[NP1122-PS[C-term1 15PS: Processing signal. Can either be a target for
a protease (e.g. ubiquitin, LC3 as defined herein or a protease or an
unstable peptide leading to processing at its own carboxyterminus like e.g.
intein (Chong et al. 1998 and references therein) or 3C of picomaviruses,
2A of cardioviruses or aphtoviruses, p15 of rabbit hemorrhagic disease
virus or the corresponding protease of other caliciviruses (Proter 1993,
and references therein; Meyers et al., 2000 and references therein). When
20 using a PS, a large number of different variants are possible since the
PS ensures the generation of the correct amino terminus of the capsid
protein C. Thus, when using a PS construct, all kinds of deletions or
mutations of the N/1" sequence are expected to result in viable mutants as
long as the reading frame is not shifted or translation stopped by an in
frame stop codon. As an example we established a viable CSFV NP"
deletion mutant according to the formula 25 (N1"129-PS[C-term)
Especially interesting could be NP" mutations blocking the proteolytic
activity of the protein. Rtimenapf et al. (1998) have published the
identification of the active site residues of the protease for CSFV Alfort
Tiibingen. The respective amino acids (glutamic acid at position 22,
histidine at 30 position 49 and cysteine at postion 69) are conserved for
other pestiviruses. Thus, exchanges of any amino acid expect for serine
or threonine for the cysteine at position 69 will result in destruction of the
protease activity. Similarly, changing the glutamic acid at position 22 will
most likely result in inactivation of the protease unless the new amino acid
is aspartic acid. Similarly, most if not all exchanges at position 49 will lead
to an inactive protease. 120  EXAMPLES Preparation of combination
vaccines according to the invention 5Vacchie A 11114 BVDV types I and
2, BRSV Attenuated BVDV type 1 and 2 strains, having at least one
mutation in the coding sequence for glycoprotein St"' and/or at least
another mutation in the coding sequence for N", wherein said 10mutation
in the coding sequence for glycoprotein Ems leads to inactivation of
RIVase activity residing in Er' and/or said mutation in the coding sequence
for NI'm leads to inactivation of said      are grown in MDBK-cells until a
TC1D5,9 of about 1054 to 108.1 per ml cell culture fluid. A live attenuated
strain of IBR is grown in MDBIC. cells until a TC11330 of about 10" to lo"
per ml cell culture fluid. A live attenuated strain of BRSV is grown in
MDBK cells until a TCID5.0 of about  15 to" to 107.2 per ml cell culture
fluid. Each virus containing culture fluid is collected and lyophilized. Equal
amounts of the lyphilized antigens are mixed. For reconstitution, an
aqueous solution containing 1 to 3% : OM ml of Alhydrogel is used. One
dose of the combinantion vaccine contains 4 ml of the reconstituted
antigens. A final dose includes IBR (1054 to 108-6 TCID50), BVDV-1
(1054 to to TCID50), BVDV-2 (l 054 to 108.8 TCIDsa), and BRSV (1054 to
1012 TCIDso). 20 Vaccine B 1RR, AVM/ typal (and 2, P73 BRSV The
preparation of the ID?, BVDV I and 2 and BRSV antigens is performed as
described for 25 vaccine A. In addition, a live attenuated strain of PI3 is
grown in IVIDBK cells until a TCIDst of about 1042 to 106.5 per ml cell
culture fluid. Afterwards, the PI3 containing culture fluid is harvested and
lyophilized. An amount of 104.2 to 1065 (Ta)ta) of the lyophlized antigen is
mixed with the lyophilized IBR, 13VDV types I and 2, and BRSV antigens.
The mixture is then reconstituted in 4 ml as desmibed for Vaccine A. A
final dose includes IBR (10" to 10" TCIDt0), BVDV-1 (l054 to 30108.1
TCID50), BVDV-2 (1054 to 108-i TC11350), BRSV (1054 to 1012
TC11350), and PI3 (1042 to 106.5 TODso).  121  Vaccine C BVDV types
1 and 2, P13, BRSV, Mannheim& (Panel:Fella) haeinalytica BViiv I and 2,
BRSV and PI3 viruses are grown as described for vaccines A and B. After
the 5 culture fluids are harvested, the viruses are inactivated and
lyophilized. Mannheima (Pasteurella) haemalytica is grown until 10" to
101" cells per ml culture. The bacteria are inactivated and the culture fluid
is lyophilized or freeze dried. An amount of 10" to lout lyophlized or freeze
dried bacteria cells are mixed with the lyophilized BVDV types 1 and 2
antigen (each in an amount of 10" to 10s1TC1Dro), P13 antigen (10" to
10" TCID50) and BRSV antigen (10" to 1032 TC1D50). The reconstituted
suspension (5 ml per dose) further contains 30 to 50 mg Aluminium
hydroxide, 0.4 to 0.8 mg Quil A (Saponin), 0.04 to 0.06 mg sodium
timerfonate and traces of neomycin. Final antigen amounts per dose are
BVDV-1 (1050 to 10" TC1D50), BVDV-2 (1030 to 10 TC1Dso), P13 (10"
to 1083 TC11050) BRSV (10" to 10" TCIDro) and Mannheima
(Pasieurella) haem.alytica (108.8 to 10110 cells). 15 Vaccine D RVDV
ores 1 and 2, 1BR, FIRSV, P13, Leinospira canicola, Leprospira grippe,
Lep:inspires &actin, Leptospira pommel, Leprospora borgsoetersenii
harttio-bovis 20 Modified live viruses of BVDV 1 and 2, BRSV. IBR, and
P13 are grown as described for vaccines A and B. After the culture fluids
are harvested, the viruses are lyophilized. Leptospira canicola, 1,eptospira
grippe, Leptospira hardjo, Leptospira ponoma, Leptospora borgpetersenii
hardjo-bovis are separately cultivated until reaching 10" to 10115 cells per
ml culture. The bacteria cultures are inactivated and the culture fluids are
lyophilized or freeze dried. Each of the 10" to 101" of the 



25 lyophilised or freeze dried bacteria cells are reconstituted with the
lyophilized modified BVDV types I and 2 (each in an amount of 10" to 10"
TC1D50), modified live P13 (l0" to 1083 TON), modified live BRSV (10" to
10" TC1ID50) and modified live 113R (10" to 10" TC1650). The
reconstituted suspension (2 ml per dose) contains traces of neomycin as
preservative_ Final antigen amounts per dose are BVDV-1 (1050 to 10"
TC1D50), BVDV-2 (10" to 10" TC1B50), PI3 (1033 to 30 10" TC11350)
BRSV (10" to 10" TC1D50), PI3 (10" to 1083 TC1Ds0), and Leptospira
canicola, Leptospira gringo, Leptospira hardjo, Leptospira ponoma, and
Leptospora borgpetersenii hardjobovis (each 10" to 10" cells). 122
Vaccine E BMW iypes I and 2, MR, ERM; P13, and H.SOMMUS Modified
live viruses of BVDV 1 and 2, BRSV, IBR, and P13 are grown as
described for vaccines 5  A and B. After the culture fluids are harvested,
the viruses are lyophilized. H.sortmus is cultivated until achieving 1031 to
1092 cells per ml culture. The bacteria culture is inactivated and the
culture fluid is lyophilized or freeze dried_ 1073 to le2 of the loyphilized or
freeze dried bacteria are reconstituted with the lyophilized modified BVDV
types 1 and 2 (each in an amount of le to 107.0 TOD50), modified live P13
(10" to 1083 TCID50), modified live BRSV (10" to 10" TCID50) and i0
modified live 1BR (1063 to 10" TC1D50). The reconstituted suspension (2
ml per dose) contains traces of neomycin as preservative Final antigen
amounts per dose are BVDV-1 (10511 to 10" TC1D50), BVDV-2 (105. to
107.6 TC1D50), P13 (107.3 to 108-3 TaD50) BRSV (l0' to 1036TC1D50),
P13 (10" to 1083 TC11350), and H.somnus (1031 to lei cells). IS
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65:4508-4514, 126  CLAIMS: A combination vaccine for the treatment
and/or prophylaxis of cattle against microbiological infections, wherein
said combination vaccine comprises a. one or more attenuated BVDV,
having at least one mutation in the coding sequence for glycoprotein Ems
and/or at least another mutation in the coding sequence forNr", wherein
said mutation in the coding sequence for glycoprotein Erns leads to
inactivation of RNase activity residing in F.,"" and/or said mutation in the
coding sequence for NPR) leads to inactivation of said Wm; and b. one or
more  antigen of one or more pathogens selected from the group
consisting of: Parainfluenza-3 Virus (PI-3), Infectious Bovine
Rhinotracheitis virus (IBR), Bovine Respiratory Syncytial Virus (BRSV),
Bovine Herpesvirus (BHV), Bovine Rotavirus (BRV), Bovine Enterovirus
(BEV), Bovine Coronovirus (BCV), Bovine Rabies (BR), Bovie Parvovirus
( PPV ), Adenovirus, Astrovirus, Mannheimia haemolytica (fon-nerly
Pasteurella haemolytica), Pasteurella multocida, Haemophilus sonanus
(Histophilus ovis and Haemophilus agni), Actinomyces such as
Corynebacterium, Actinomyces pyogenes, Chlamydia psittaci,
Canapylobacter fetus venerealis and Campylobacter fetus fetus i 0
(formerly C fetus intestinalis), Leptospira intenhgans, Leptospira hardio,
Leptospira pomona, Leptospira grippotyphosa, Leptospira canicola,
Leptospira grippotyphosa, Leptospira hardjo such as Leptospira
hardjoprajitno and Leptospira hardjo-bovis, Brucella abortus, Brucella suis
and Brucella melitensis, Listeria monocytogenes, Chlamydia psittaci,
Clostridium ehauvoei, Clostridium 15 septicum, Clostridium haemolyticum,
Clostridium novyi, Clostridium sordellii, Clostridium perfringens,
Clostridium tetani, Moraxella bovis, Klebsiella spp., preferably Klebsiella
pneumoniae, Salmonella typhimurium; Salmonella newport,
Mycobacterium avium paratuberculosis, Cryptsporidium parvum,
Cryptsporidium hominis, Staphylococcus aureus, Streptococcus
dysgalactiae, Streptococcus uberus, Mycoplasma spp., preferably
Mycoplasma dispar, Mycoplasma bovis, and Ureaplasma spp.,
Tritrichomonas foetus, Triehophyton verrucosum, Trichophyton
mentagrophytes, Trichophyton sarkisovii, Neospora caninum (formerly
Toxoplasma gondii), Babesia bigemina and Babesia bovis, and
Dictyocaulus viviparous (Lungworm disease); 25and wherein such BVDV
component is safe for use in pregnant cows.  The combination vaccine
according to claim 1, wherein said mutation(s) in the coding sequence for
glycoprotein Ems are located in the encoding nucleotide sequence
corresponding to amino acids at positions 298 to 310 and/or positions 341
to 360. 5 3. The combination vaccine according to claim 1, wherein said
mutation(s) in the coding sequence for glycoprotein Eins are located in the
nucleotide sequence coding for the conserved Effis sequence
SLHGIWPEK1C (SEQ ID NO 16) and/or RHEWNKFIGWCNW (SEQ ID
NO 15), 10 4. The combination vaccine according to any one of claims 1
to 3, wherein said mutation(s) in the coding sequence for NPR) leads to
an encoded polyprotein as characterized by the following formula:
[NIM-[C-termil, 15wherein INI111 relates to the NII" portion of said
polypeptide, wherein "x" represents the number of amino acids of the Nr"
present in the polyprotein, wherein [C-term I relates to the complete
pestivirus, in particular the complete BVDV polyprotein except for NPR',
but including the capsid (C)-protein and any other protein present in the
pestivirus polyprotein, in particular in the BVDV polyprotein including the
carboxyterminal NS5B. 20 5. The combination vaccine according to any
one of claims 1 to 4, wherein the one or more pathogens are selected
from the group consisting of: Parainfluenza-3 Virus (P1-3), Infectious
Bovine Rhinotracheitis virus (IBR), Bovine Respiratory Syncytial Virus
(BRSV), Bovine Herpesvirus (BHV), Bovine Rotavirus (BRV), Bovine
Enterovirus 25(BEV), Bovine Coronovirus (BCV), Bovine Rabies (BR),
Bovine Parvovirus (PPV), and Adenovirus and Astrovirus.  SEQUENCE
LISTING: fle BBehringer Ingalheim Vatmadica GmbR <220>
COMBINATION VACCINE COMPRISING AN ATTENUATED 8CVINE
VIRAL DIMARRHSA VIRUS <133> Caae 2/1947 <160> 22 <175>
RatentIn veraNaa 3.1 <215> 1 <211> 12332 <212> DNA <21E> wiidtyp
EvrAT: GIKE5-14. <400> 1 gtatacgaga ttagctaaag aactcgtata tggattggac
gtcaaaaaat ttttaattgg EB c8acytaggg 8a,acttcaca tcagegaagg ccgaaaagag
gatagccatg ccattagtg  20 gactagcaaa agtagggqac tagcggtagc agtgagttog
ttggatggcc gaaccactua 180 gtacagggga gtcgtcgatg gttcgacact ccattagtcg
aggagtctcg agatgccatg 



240 tggacgaggg catgoccacg gcacatatta acccatgaNg ggqttgcatg
ggtqaaagag 308 ctattcgtgg cgttatggac acagcctgat agggtgtagc agagacctgc
tattccgata 360 gtaaaaactc tgatgtacat ggcacatgga gttgttttca aatgaacttt
tatacaaaac 420 atataaacaa. aaacgagcag gagtcgtgga acctgtttac
gacgtgaacq ggcgacc act. 488 gtttggagag agcagtgact tgcaccegca
gtcaacacta aaactaccac atcaacgagg 540 cagcgcaaac atBctgacaa
atgctaggta cctaccgcgg aaaggtgact gtcggagagg BOO  aatgtgtat
gaaccgNtga qt4gcatcta tatcaaacca ggaccgatct actaccagNa 560 ttatgtgggc
catatctatc atagagcaac actggaacta tgtagggagg caagtatgtg 720 caaaacaact
aNg8gagttg gcagagtgac cggtagtqat gggaaattat at.cat.at.cta 780 catctgcata
gatgggtgta tcctcatgaa gagggogact 



aggaaccaac aagaagtcct 840 gaaatgggta tacaacagat taaattgtca tttatgggtc
accagctgct ccga tgaagg 900 gaccaagggt gctacaagta agaagcagac
taagccagat aggatagaaa aaggtaagat 960 gaaaatagcc ccaaaagaga
cagaaaaaga ttgaaaaacc agacccaccg acgcgactat 1020 agtagtagaa
ggggttaagt accaggtgaa gaaaaaagga aaggtaaggg gaaaaaatac 1088
taa8gatggg ttatateaca 8caagaataa gccgactgaa tcsagaaaaa aattgga8aa
224 ggcactg5tg gcttgggcca tattagBagc ggtcctgctt cagctggtaa caggagagaa
1200 tatcacccag tggaacttga tggacaacgg caccgaggga atacagcaag
cgatgetact. I26B aagaggggtg aacaggagto tacatggaat ttggccagag
aaaatttgca gcqgagtacc .1.320 aactcactta gcaacagact atgagcttaa
agagatagtg gggatgatgg acgcgagtga 1880 gaagaccaaR taancitgtt 



gaaggttgca aaNacatgag tggaataaag atggttgatg 1448 taactggttt catatagaa5
cgtggatatg gttgatgaac aaaaccc8aa acaacctgac 1500 agaagggcaa
ccgct.taggg agtgtgotgt gactagtagg tatgaBaaqg aaacagagtt 1560
gaacatcgtg acacaggcta gggacagacc tacaactctg acaggttgca agaaaggcaa
1620 gaatttatEt ttoggaggtg ttatactgga tgggccctgt aactttaaag tatoggEtga
1680 agatgtgctg tttaaggagc acgattgcgg caaaatgctg caagagaccg
Bgatacagct 1740 actcgatggg gaaaccaaca caattgaggg agcaagggta
gggacggcca agttgacaac 1860 ctggttaggg aagcaattag ggatcattqg
taagaagttg gagaacaaaa gcaaagcatg 1960 gtttggtgca catgcagcaa
gtccatactg cggagtggag aggaagatcg gttacgtatg 1920 gtatacaa88
aactgcactc cagattgoat tccaagaaac actagaataa taggcccagg 1980 



gaaatttgat accaacgccg aagatggaaa aatactccat gagatggggg ggcacct etc
2048 agaatttgtc ctattgtcat tggtggttct gtctgacttt gEcagggaaa ccgcgagcqt
2150 catctacttg attctacatt ttgaNatcco gcaaagccac qttgatgtag acacatgcqa
2E80 caagaaccag ctgaatttaa cggtagcaac cacagtaBca gaggtcatac
cagggacagt 2220 gtggaacata gggaagtatg tctgcatgag accagagtgg
tggccatatg agacgacgac 2280 agEcttagtc atagaggaag cagggaaagt
aatcaaattg atgctaaggg ccatcagaga 2340 cttaactagg atatggaatg ctgccactac
cacagctttc ttaatctttt tagtaaaagc 24580  actgagggga caactaatcc aagggctatt
gtggctgatg ctaataaca gagcacaggg 2466 gttccctgaa tgcaaagagg gcttccuata
tgcgatatct aaagacagga aaatggggtt. 2520 attggggcca gagagcttaa
ctacaacatg gcacctcccc 



accaaaaaaa tagtggattc 2566 catggtgcat. gtatggtgtg aaggaaaaga
cttgaaaata ttaaaaatgt ggagaaaqqa 2646 agagaggtat ctagtggctg
Mgcacgagag agccttatca actagtgccg agtttatgca 2700 gatcagtgat
gggacaatag gcccagacgt gatagatatg cctgatgact ttgagtttgg 2260 actcMgccut
tgtgactcaa aaccagtgat aaagggcaaa tttaatgcca gcttactgaa 2820 tggaccagct
ttccagatgg tatgcccaca ggggtggact ggtagaatag aatgcacuct. 2880
agcguaccaa gacaccttgg acacaactgt cattaggaca tatagaagua ctaccccatt
2940 tcagcggaga adc tggtgta gctatgaaaa aataataggg gaagatatct atgaatt
ntl 3000 tctaggtgga. aactggacat gcataaccgg tgaggatagc aggttgaaag
acggacctat 3060 caagaagtgt aagtggtgtg gccatgactt cgtcaactca gaggggctac
cacactaccc 3120 aataggcaag tgcatuctca 



tcaacgagag tgggtacagg tatgtagatg acacctcttg 2180 cgataggggt ggtgtagcca
tagmtccutg tggcaccgta aagtgLagua taggtaacgt 2246 cacggtgcaa
gttatcgcta ctaacaatga tctggauccc atgccttgca gcccagctga 3.300 agtgatagca
agtgaaggac cagtggaaaa gactgcatgc acattcaact attcaaggac 3360 tctacctaat
aagtattatg agccaaggga ccggtacttc caacaataca tgttaaaagg 0420
ggagtggcaa. tattggttcg agctggattc tgtagaccac cacaaagact acttctcaga 3400
gttcataatc ataggagtgg tcgcctam.gtt gggtggtaag tacgtactgt ggctcttgat 2540
aacatacaca atactgtctg aggagatggc tatgggtgct ggagtgaata ctgaagagat 3600
agtcatgata ggcaatttgc tgscagacag tgatattgag gttqtggttt atmtcmattet 3060
taatgtactta atagttaaag aggaactggg gaggaaatgg attatactgg Mataccacat
$720 



catttgla aaccctatga. aaacaattgg ggtcgtaataa ctaatgctag ggggagtggt 320
gaaggccagc agaatcaatg ctgatgacca aagtyctatg gacccatgct. ttcttctcgt 3810
gacaggcgta gtggctgttt tgatgaMcgc tagaagagaa gctgctucat. taccactgat.
2900 tgtagcattg ctagcautaa gaacatcagg attcctactg cccgctagca ttgatgtaac
2966 tgtaggagta gtattaattg tagttttgtt ggctagctac ataacagact actttagata
4629 taaaaagtgg cttcaactct tatttagtc.t gataggtggt atactttatta taaggagctt
4080 aaaacatatc aaccagatgg aggtaccaga aatatctatg ccaugttgga
gacctetagc 4140 tctggtcutt ttctatataa catctacagc aataaccact aattgggaca
ttgacttagc 4200 aggcttcgtg gegtuatgga cgcoaccagt gatcatgatg gctaccatgt
gggcagactt. 4266 tttgactctg atcatagtcc tgcccagtta cgagttatct aagetttact 



tcctaaagaa 4.320 cgtcaggaca gacgtggaaa agaactggct cggcaaagtg
aaatacagac agatcagttc 4-3a0 agtttatgac atctgtgaca gtgaggaagc agtgtaccta
tttcgatcaa ggcataagag 4440 tgyaagcagg ccagatttca tattacgttt tttgaaagge
gtgttaatga gctgcatcag 1500 cagccaatgg cuagtggttt acattMatta gctaatactg
gaaattacat. actatatgca 4560 caggaaaatc atagatgagg tgtcaggagg
agcaaatttt. ctatgaagac tcatagcagc 4620 catcatagaa ttaaattggg ccatagatga
tgaggaatgt aaaggactga agaaactgta 4680 tctcttgtca gggagagcga aguatttgat
agttaaacet aaggtaagaa atgaagccgt 4749 ccacagatgg tttggtgagg
aggaaatata cggggcaccc aaggtgatca ctatcatgaa 4800 agctagtacc
ctaagtaaaa acaggcactg cataatcMgc acgatctgtg aagggaaaga 4260
atggaatgga accaactgcc caaagtgtgg 



aagacaagga aagcccataa catgtggazt. 4920 gacactcgca gaciattgagg
agaaacatta caaaaacata tttataagag aagaatottac 4960 ttgtcctgtg ggiatttgatc
Lt.ca tmgtaattat tttcgccattg atgggcmttt 5046 caggaaagag tataagggtt
acgtccaata cacagggaga ggacaactct ttctgaggaa 5100 cctaccaatt
ctagcgacga agatgaagct attaatggtg ggaaacctcg gcgcagaaat 5160
tggcgacctg gaacatctag gatgggtact gagagggcca gccgtgtgeg aaaaaattgc
5220 caaccatgag aagtgccacg taacatcat ggataagcta actgcatttt. ttqqaatcat.
5266 gcctagaggc acgaccucta gggcacctgt gaggttoccc agagcacta
taaaagtgag 5346 aagggggcta gagaggggat gggcttacac gcaccaagga
gggatcagct cggtagacca 0400 tgtcacagcc ggaaaggatt tactagtgtg tgacagtatg
ggeuggacca gggttgtctg 5460 tcatagtaac 



aataagatga. ctgatgagac tgagtatggc atcuagaccg actougggtg 5520
tcccgaaggt gcgaggtgtt aggtgctaaa cccagaagct gttaacattt ctggcacaaa 5580
aggagctatq gmacacctcc agaaaaatagg gggggagttc acatgtutca ctgccmcagg
5646 gaccmcggct ttcttcgatc tgaaaaatct aaaaggctgg tccgggttac caatttttga
6700 agcatccagt ggcagggtgg ttggtagggt gaaagtcggg aagaatgagg
attccaagcc 0760 caccaaacta. atgagcggaa tccagacagt gtctaagaac
cagacagacc tagcggacat 5820 cgtaaaaaaa ttgactagta tgaacagagg
agagttcaaa cagataacat tagccactgg 5860  gycagaaaa actagggaag
tgccaaggtc cgtaatagag gagataggga ggcacaaaag 5940 ggtgttagtc
ctgataccat tgagagcagc agcagagtca gtgtatgagt atatgagagt 5500
gaagtaccca aguatatct.t tcaatttgag aataggagat atgaaggaag gtgaczeggc
6060 cactggtatg acctacgtat gatatgggta gttttgtcag gttcctcagc ccaaactgag
612G agctgccatg gtagagtact gatatatatt ottagatgag taccactgtg ctagacccga
4188 gcaattagca. ataattggaa agatagacag gtttggtgaa aatcttagag tggtagtaat
4240 gagaggaacc ggagetggaa cggtgagaag gagtggtgag aaagaacgta
tagaggagtt 4350 catagccaca gaggtgatga aaggtgaaga tctaggtagt
gaatacttgg atattgcagg 5360 gttgaagata ccgactgaag agatgaaagg
caacatgetc gtgttcgcgc caagtaggaa 5425 catggcagta gaaacaggta
agaaattgaa gggtaaggga tacaactctg gatactatta 6490 cagtggggaa.
aatgcagaga acttgagggt ggtaacgtgg caatctccgt atgtgagtagt 6540
agggaggaat watatagagt caggtgtgac attatgagac ttagatagag ttgtagagac
6650 tggactaaag tgtgagaaga gggtgaggat ttgttcaaaa atgcccttca ttgtaacagg
6660 acttaagaga atggcagtca caat.cggaga ggaaggccag cggaggggta
gagtaggaag 6725 agtcaagtga ggtaggtact ataggagtga agaaacagct
tcagggtcaa aagattacca 005 ttacgacgta Otgcaaggcc agaggtacgg
aatagaagat ggaattaatg taagaaagtc 843 attcagggag atgaactatg attggsgcct
ttacgsagag gacagtttga tgataattga 6905 attggaggtc cttaagaacc tccttstatc
agaagacctg cutgctggag tgaagaagat 6'960 catggccagg accgatcacc
cagaacgcat acaact.ggcc tataacagt.t atgaaaacca 7020 aattccagtg
ctgttcccaa agatcaaaaa tggtgaggtg agagagagtt. atqagaatta 7505 cacatatgtc
aatgcaagaa aattaggaga ggaggtgccg ggatatgtgt acgccacaga 7140
ggatgaggat gtagcagtgg atottctvg tatggattgg egggacccag gcaaccaaca 7200
ggtggtagag acagggaggg cattaaaaca agtaactggc ttattcagag cagaaaaggg
7260 cctcttcata gacctattcg gctaggtggg gtaaaagaca ctttgaaaaa ggcagatagg
7320 catgattact gacattatata cagttgaaga ccacaggctt gaggacacaz
cccacctgca 7200 gtttgcctca aacgctataa ggagcgacgg caaggactca
gagttgaagg aattagctgt 7445 gggagaactt gataaatatg tggacgcact ggtagactag
tccaaacaag ggatgaaatt 7500 cattaaaagtc caagctgaaa. aggtgagaga
gtottagtgt acgaaggaag gcttcataaac 7560 cattaaggag tatgt9gata agtttataga
atcaataaca gagaataagg agga.g.atgat 7620 caggtatgga ctatggggag
ttgacagggc actctagaaa agcttggcag cgagaatggg 7690 gcatgaaaca
qgttttgcaa ctttagtggt aaaatggttg gcttttgggg gggaaacggt 7740 1.40403441
C: atcazgcaag tagcagttga tgtagtagta tattatatta tgaagaaacc 7800 attttttcct
ggagatacag agacccaaca agaggggagg aagtttgtgg ctagtctttt 786,0 tatatctgca
ctagtaagat acacatataa aacctggaat tagazataatc. tgctaaegggt 7020
tgtcgaacct gacttaggtt acct 0141 tgctacaagt gccttgaagt tgttcacagc 7980
gagatagatta gagagtgtgg tcatactcag ttctacaatt tacaagagat acctctctat 8040
aaggaagqgt aagagtgacg gottgttagg tagaggcata agtgcagcca tgcagatctt
8105 aaaccaaaag ccaatctcag taggtatatc tgtgatgctg ggggtaggtg ccatcgccgc
8163 gcataatgca atagacatcta gtgaacagaa aagaattttg ctgatgaagg totttgtaaa
9220 aaacttetta. gaccaaggag caatagatga gttagtgaaa gagaaccgtg
aaaaaataat 8280 catggcteta tttgaaggag tccagageat aggaaagtacc
ctaagactga tctaccatgt 8340 gtacggggtg tactataagg ggtgggaaga
aaaagaactc gcagagaaaa ctgctggccg 8400 gaacttattg agattgatga tgtttgaggg
ctttgagutt ttaggtatgg actgagaagg e46o aaagataaga aacttgtcag gcaactacat
actggactta atcttca.act tgcataataa 8523 attaaacaag gggctcaaaa aagtagtcct
tgggtgggct gctggacctt tgagctgtga 8560 tt ggacacca. agtgatgaga gaatt
acctcataag aactacttaa gggtagaaac 8640 caggtgtcgt tgtggetatg agatgaaggc
aataaaaaat gttgctggta aattgaaaaa 8700 agttgaagaa aaggggtcgt tcctstgcag
gaatagatta ggclagaggac ctccaaactt 8760 caaRgtaaca aagttctatg atgataactt
gatagaagtc aagccgtag ctaqgcLaga. 8820 aggccaggtg gaccitctatt.
acaagggagt aacagctaag ttagactaca acaatgggaa 8885 agtactgtta.
gctaccaaca. agtgggaggt ggattscgct ttcctgsgga gagtagtaaa 8040
gaaggacaca gggataggtt ttaaaggtgc atatttgggt gaccgaccag accataaaga
9050 tcttgtcgat agagattgtg caactataac gaagaagtaca gtacagttg:ct
taaaaatgaa 9060 gaagggttqc gctttcacat atgacctaac aattattctaac cttgtcaggc
ttattgagt 9125 agtccataag aataatttac aagaaagaga gatcgctacc gtgacagtaa
ctacttggct 9180 tgcatattct tttgtcaatg aagacctggg gactatcaag cgtgtattgg
gggagaaagt 9245 catcccagaa. cctcgcgagg agttgagtct cgaatccagg
gtgagactag tgaccattga 9000. aacaggaata acgataacag gggaggctga
agtgatgagg acagggatga caccagtggt 9360  agagatgaaa gaagaacctc
aggtggacca gcagtcaact agggtaaagg tagggttgaa 9420 ggaaggggaa
tatcgagggc caggagttsa ccogaaccat ttaggagagg tgatagagga 9480
gaaagatgag aggcgttttg toctaatgat 



cggtaagaaa ggttctaccg ggaacagagc 9540 aagaaggggc aagaatatag
ggctgtagaa aggsaagaag ccaagagaga tgagggatct 9609 gatgagcgaa
ggaagaatat tgagggttqc tetaaaagag ttggacccgg aatgaaaaga 9669
attagtagat tagaagggga. cgttgotcaa tagggaagct ttagaagocc taaggttagg 972
0 taagccaatc aagaggaaaa ggagaacagg aatgatgagg aggttaatag
agccagaggt 9780 tgaggaggaa ctaggagatt ggttcgaagc ggaagaaccc
ctatttttgg aag.4,aaaaL.  9940  acagaatgag ttataccacc gaattggcag
tgtagatagt ataaaaagca aagcaaagga 9900 attagggggc acagataaca
oaaagagagt gaaggaagtt ggggctagga ggtatacgat 9960 gaaattgagc
aggtggagca cacaagttac aaaaaaagag atgagtgtag eggctgtctt 109243
tqaagagotg ttagtaaagt ggggtggatg tagtaaaatt toaaagggac atatggtgtc
19990 



agcataccaa gtggctcaag gaaacgggga accogggggg tgtgggglact atatgggaac
10440 ganaccagct agggqtctga agatccaggg ttatgaggct tacottaaag
tcaaagagct 10200 ggtggaagtt gaatottgga gggocacggg aaaagaatgg
atcataagag aacataacac 10260 ctggatgctg cggaaggtga gagatgaagg
gaacctaaga accaaatcaa tgatgaaccc 10320 tgggaaaata. tgagatgagc
tatggagaga tggagacaaa agaaacatat ataataagat 10399 gataggctca.
agaagggcct ctggtggtat tagggtggag aaactgccag tagtgggagg 1044.0
ccaaactgac agaagcagtt tccaccaagc cataagagaa aaaattgats aaacagaaaa
10500 caaggagagg ggtgaattgc atgaagaagt aatgaaggtg ttcgactgot
taaagatccc 40960 agagctgaag gastcgtatg atgaagtttg atgggaacaa
gtagaagogg ggataaaccg 40629 taagggtgga gcaggctato tagagaggaa
gaacataggg gaagtcctag 



agagagagaa 19660 agagatagta gaggaggtga tgaaggatct gaggaagggg
aagaagatta ggtagtatga 1674.0 aacagccatc ccgaagaatg agaagagaga
cgtgagcgac gactgggaag ccggagagtt 10E00 cgtggatgaa aagaaaccaa
gagtaatcoa gtagggggac gggaagggga gactggccat 10960 tacaaaagtg
atgtacaaat gggtaaagca aaaaccagtg gtgatacccg ggtatgaagg 10929
taaaacacct ctatttgaga tattcaacaa agtgaagaag gaatgggatt gattccagga
10990 cgcggtagga gtgaggtttg agaggaaagc gtgggataga caagtcacga
gtagagacgt 1104.0 aatgttgata aaggatatcc agaaatatta tttgaagaga
agtatagaca aattttgaga 11100 tagaataaca gaacagatgg tggaggtacc
tgtgattaca ggagagggtg aagtttacat 11160 aaggaatggt gagaggggta
gtggogaang ggagacaagt gctggtaata 1tatgt9gaa 11220 tgtoctaagg
atgatatatg ctttctgtaa 



aagtacagga ataccttaca ggggattcag 112,30 cagagtggca agaatcgatg
tgtgtggtga tgatggcttt ttgataacag agagaggact 11340 gggactgaaa ttgtttgaga
agggtatgga gatattacat gaggccggga agooggagaa 11490 aagaactgaa
ggggacaaaa tgaaagtggc atagagattc gaggagatag agttttyttc 12460
gcacactccc gtgccagtca gatgggcaga taagaccagt agttagaggg cagggaggag
11520 cacaggcact atactagnta agatggcaag gaggcgggat tccagoggag
agaggggtag 449490 cacagcttat ca- gtagcctgag gttccttttg atgtactcat
ggaatcccgt 11649 agttagaagg atotgcttag tggtgttgtc acagtttcca gaaatatcgg
catocaaaaa 11700 gagaatatac tagtaccaag gggatcgcat aggtgcgtac
agagaagtga tagggaaaca 11769 ggtgtgtgaa gtgaaaagaa gaggatttga
gaaggtggct ggtgtgaatt tgagtatgac 11E20 gactctaggc atgtggacaa 



aagatactag taaaagacta atcgaagcct gtgtagaaat 11890 aggtaagaga
gaaggtaggt ggttagttaa tgctgacaga ctgattgcag gaaagactgg 11940
gaagttttag atcccaagga otqgtgttat: tottattggga aaagactatg aggaaattaa
12000 ottaaagcaa aaggcgggac aacogoggat agagggggtt gacagatata
agttgggccc 12060 catagttaat gttatctgga gaaggctgag ggtgatgctg atgagagttg
ccaggsgaag 12120 ctggtgaatc cgtcoggagc gtcytgocct cagtgaaggt ttttaattgt
aaatattgta 12190 aatagacagg taaggtattt attgtagttg gataggaatg gagtgatagt
aaatactacca 12240 atttaagact acctccaatg gactaaggag tttagctgtg
tgaggttaag tcgacgtoca 12399 cggttggact. agggaagagg tctaacagcc cc
12332   210> 2  214> 1130 <212> DNA  <213>AKtificial Sequence:
Mtated SVDV: XIXE6 AaNtW -6106>2  



gtatacgaga ttagctaaag aactcgtata tggattggac gtcaacaaat ttttaattgg 66
caacgtaggg aactttcccc tcagcgaagg ccgaaaagag gctagccatg cccttagtag
120 gactagcaaa. agtaggggac C- * agtgagttcg ttggatggcc gaacccctga 11:0
gtacagggga gtcgtcaatg gttcgacact ccattagtcg aggagtctcg agatgccatg 240
tggacgaggg catgcccacg gcacatctta acccatgcgg gggttgcatg ggtgaaagcg
300 ctattcgtgg cgi.tatggac acagcctgat agggtgtagc agagacctgc tatteggcta
366 qtaaaaactc. tqctgtacat ggcacatgga gttgttttcc gatgaaggga gcaagggtgc
42:0 tacaagtaag aagcagccta agccagatag gatgaaaaa ggtaagatga
aaatagcccc 460 aaaagagaca gaaaaagatt graaaaaccag acc,c,eqac
Tagactatag tagtagaagg 51) ggttaagtac caggtgaaga aaaaaggaaa
ggtaagggga 



aaaaatactc aagatgggtt. 600 aLatcacaac aagaataagc cccctgaatc
aagaaaaaaa ttggaaaagg cactgct.ggc 660 ttgggccatc ttagcagcgg tcctgcttca
gctggtaaca ggagagaata tcacccagtg 720 gaatttgatg gacaacggca
ccgagggaat ac.agcaagcg atgttcctaa gaggggtgaa '780 caggagtcta.
catggaattt ggccagagaa aatttgcacc ggagtaccaa ctcacttagc 843. aacagactat
gagcttaaag agatagtggg gatgatggac gcgagtgaga agacgaacta 200
cacgtgttgc aggttgcaaa gacatgagtg gaataaacat ggttggtgt.a actggtttc 960
tatagaacci tggatatggt tgatgaacaa aaccgaaaac aacctgacag aagggcaacc
1220 gcttagggag tqtgctgtga cttgtalgta tgacaaggaa acagaattga acatcgtgac
2066 acaggctagg gacagaccta caactctgac aggttgcaag aaaggcaaga atttctcttt
1140 cgcaggtgtt atactggatg 



ggccctgtaa ctttaaagta tcggttgaag atgtgctgtt :233 caaggagcac gattgcggca
acatgctgca agagaccgcg atacagctac tcgatmgc 1250 gaccaacacc
attga6:ggag caagggtagg gacggccaag ttgacaacct. ggttagggaa 1320
guaattaggg atecttggta agaagttgga gaacaaaagc aaagcatggt ttggtgcaca
13S6 tgcagcaagt ccatactgcg gagtggagag gaagatcggt tacgtatggt
atacaaaaaa 1446 ctgcactcca gcttgccttc caagaaacac tagaataata
ggcc.c.cggg aatttgatac 1500 caacgccgaa gatggaaaaa tactccatga
gutggggggg cacctctcag aatttgtcct 1560 attgtcottg gtggttctgt ctp:ctttgc
cccggaaace gegagcgtca tctacttggt 1620 tcta.c:attt gcgatcccgc aaagccacgt
tgatgtauc. acatgcgaca aqaaccagct. M681) gaatttaacg gtagcaacca
cagtagcaga ggtcatacca gggacagtgt ggaacctagg 3.740 



gaagtatgtc tgcataagac cagactggtg gccatatgag acgacgacag tcttcgtcat 1800
agaggaagca. gggcaagtaa tcaaattgat gctaagggcc atcagagact. taactaggat
1860 atggaatgct gccactacca cagctttctt aatcttt.tta gtaaaagcac tgaggggaca
1920 actaatccaa cagctattgt ggctgatgct aataacagga gcacagggct tccctgaatg
1960 caaagagggc ttgcaatatg ccatatctaa agacaggaaa atggggttat
tggggcgag-a 2040 gagottaact acaacatggc acctccccac caaaaaaata
gtggattcca tggtgcatgt 2166 atggtgtgaa ggaaaagact tgaaaatatt aaaaatgtgc
acazaggaag agaggtatct 2160 agtggctgtg cacgagagag cgttatcaag
cagtgccgag tttatgcaga tcagtgatgg 2220 gacaataggc ccagacgtga
tagatatgcc tgatgcttt gagtttggac tttgcccttg 226 tgactcaaaa ccagtgataa
agggcantt taatgccaga ttactgaatg 



gaccagct.tt 2340 ccagatggta tggccacagg ggtgcactgg tacaatag-iaa
tgcaccctag cgaaccaaga 2466 caccttggac acaactgtca ttatflacata
tagaagaact accccatttc agcggagaaa 2463 atggtgtacc tatgaaaaaa.
taatagggga agatatctat gaatgcattc taggtggaaa 2520 ctggacatgc ataaccggtg
accatagcag gttgagagac ggacctatca aguagtitaa 25160 gtggtytggc
catgacttog tcaF:ctc_aga ggggctacca c..ctacccaa taggcaagtg 264.0
catgct.catc aacgagagtg ggtacagita tgtagatgac acctct:tgcg ataggggtgg
26760 tgtagc,...ata gttccatctg gcaccgtaaa gtgtagaata ggtaacgtca
cggtgcaagt 2760 tatcgctact aacaatgatc tgggacccat gccttgcagc ccagctgaag
tgatagcaag 2620 tgaaggacca. gtggaaaaga ctgcatgcac attcaactat
t.caaggactc tacctaataa 2880 gtattatgag ccaagggacc ggtacttcca 



acaatacatg ttaaaagggg agtggcaata 2540 ttggttcgac ctggattctg tagaccacca
caaagactac ttctcagagt tcataatcat 3000 agcagt.ggto gcttgtiagg gtggtaagta
citacTsgtgg ctcttgataa catacacilat C) $53 actgtctgag cagatggcta
tgggtgctgg agtgaatact gaagagatag tcatgatagg 3126 caatttgctg acagacagtg
atattgaggt tgtggtttat ttccttcttc tgtacttaat 3180 agttaaagag gaactggcga
ggaaatggat tatactqg.ta taccacatcc ttgtagccan 3243 ccctatgaaa acaattgggi
tcgtcttact aatgctaggg ggagtggtga aggccaggag '2600  aatoaatgot
gatgaccaaa gtgctatgga occatgottt gttctcgtga cg' cgtagt 2360 ggotgttttg
atgatcgcta gaagagaacg tgccacatta ccactgattg tagcattgct. 3420
agca.ataaga acatcaggat tcctactgcc cgctagcatt gatgtaactg tagcagtagt 748U



attaattgta cttttgttgg ctagotacat aacagattac tttagatata aaaagtogct 3949
tcaactctta tttagtctga tagctggtat ctttattata aggagcttaa aacatatcaa 3933
ccagatggag gtaccagaaa. tatctatgcc aagttggaga octrotagctc tggtcaotttt
3660 ctatataaga tctacagcaa taacoactaa ttgggaoatt gacttagcag gottcctgct
3720 ggaatagggcg ccagccgtga tcatgatggc tacgatgtgg gcagagtttt
tgactotgat. 3780 catagtcctg ccoagttacg agttatctaa gotttactto otaaagaacg
tcaggacaga 3349 cgtggaaaag aactggctcg gcaaagtgaa atacagacag
atcagttcag tttatgacat 3903 ctgtgacagt gaggnagcag tgtacctatt tocatcaagg
cataagagtg gaagcaggcc $960 agatttcata. ttaccttttt tgaaagccgt gttaataagc
tgcatcagca gccaatggca 4020 agtggtttac atttottacc taatactgga aattacatac
tatatgcaca 



ggaaaatcat 4080 agatgaggtg tcaggaggag caaattttct atcaagactc
atascagcca tcatagaatt 4140 aaattgggcc atagatgatg aggaatgtaa );c:r1-
aaactgtatc tottgtgagg 4209 gagagcgaag aatttgatag ttaaacataa ggtaagaaat
gaagccgtcc acagatigtt 4260 tggtgaggag gaaatatacg gggcacccaa
ggtgatcact atcataanag ctagtaccct 432D aagtaaaaac aggcactgca.
taatctgcac gatctgtgaa gggaaagaat ggaatggagc 4390 caactgccca
aagtgtggaa gacaaggaaa gccgataaca tgtsgaatga cactcgoaga 4440
ctttgaggag aaacattaca aa9agatatt tattio gaatottott. gtcctgtgoac 45500
ttttgatcct tottgccatt gtaattattt tcgccacgat gggcctttca ggaaagagta 4.9(.q)
taagggttac gtccaataca eagccagagg attaactottt ctgaggaacc taccaattct 4620
agcgacgaa3. atgaagotat taatggtggg 



aaacctoggc gcagaaattg gcgacctgga 4630 acatctagga tgggtactga
gagggocagc cgtgtgcaaa aaaattaoca accatgagaa 4740 gtgccacgta
aacatcatgg ataagctaac tgcattttatt ggaatgatgc ctagaggcac 4500
gaccactagg gcacctgtga ggttcoccac agcactacta aaagtgagaa gggggctaga.
4863 gacgggatgg gcttacacgc accaaggagg gatcacctcg gtagaccatg
tcacagccgg 3920 aaaggattta otagtgtgtg acagtatggg caggaccagg gttgtctgtc
atagtaacaa 43910 taagatgact gatgagactg agtatggcat caagaccgac
tgagggtgtc ccgaaggtgo 5040 gaggtgttac gtgctaaacc cagaagctgt taacatttct
ggcacaaaag gaggtatggt 5100 acacctccag aaaacggggg gggagttcac
atgtgtcatt gcctcaggga ccccgclottt. 5160 cttcgatctg aaaaatotaa aaggctggto
ogggctacca atttttgaag catccagtgg 5223 cagggtggtt 



ggtagggtga aagtcggcaa gaatgaggat tocaagocca ccaaactaat 9280
gagcggaatc cagacagtgt. ataagaacca gacagaccta goggacatcg taaaaaaatt
5340 gactagtatg aacagaggag agttcaaaca gataacatta gtcactgggg
caggaaaaac 5400 tacggaactg ccaaggtccg tcatagagga gatagggagg
cacaaaawg tcttagtcct. 5460 gataccattg agaggaggag gagagtoagt gtatcatAt
atgagagtga agtacccaag 3:9.2q tatatctttc aatttgagaa taggagatat
gaaggaaggt gaca.tggcoa gtggtatcac 99g0 ctaggcctoa tatqggtact tttgtcagct
tcctcagccc aaactgagag ctgccatggt 9640 agagtactoa tatatattct. tagatgagta
ccactgtgct acacccgagc aattagcaat 5700 aattggaaag atacacaggt ttgctgaaaa
tottagagtg gtagcaatga cagcaaccoc 57e0 agotggaacg gtgacaaoga
ctggtcagaa acaccct.ata gaggagttca tagccgcaga 



5520 ggtgatgaaa ggtgaagatc taggtagtga atacttggat attgcagggt tgaagatacc
5880 gactgaagag atgaaaggca acatgctcgt gttcgcgcca actaggaaca
tggcagtaga 9940 aacagctaag aaattgaagg ctaagggata caactttgga tactattaca
gtggggaaaa 6000 cccagagaac ttgagggtgg taacctcgca atocccgtat
gtggtagtag coaccaatgc 6060 catagagtca ggtgtgacat taccagactt agacacagtt
gtagacactg gactaaagtg e120 tgagaagagg gtgaggattt cttcaaaaat gcccttcatt
gtaacaggac ttaagagaat 6180 ggcagtcaca atoggagagc aagoccagcg
caggggtaga gtaggaagag tcaagecagg 6249 taggtactat aggagtcaag
aaacagcttc agggtcaaaa gattaccatt acgacctact 6330 gcaagcccag
aggtacggaa tagaagatgg aattaatgta acaaagtcat tcagggagat 6360
gaactatgat tggagccttt acgaagagga cagcttgati 



ataactcaac togaggtoct 6420 taacaacctc cttatatcag aagacctgcc tgccgcagtq
aagaacatca tggcccggag $3480 cgatcaccca qaacccatac aactggctta
taacagttat gaaaagcaaa ttccagtgct. 6540 gttgccaaag atcaaaaatg
gtgaggtgac agacagttat gagaattaca catatctgaa 6633 tgtaagaaaa
ttaggagagg acgtgocggc atatgtgtac gccacagagg atgaggatct 69360
agcagtggat cttctgggta tggattggcc ggacccaggc aaccaacagg tggtagagac
6720 agggagggca ttaaaacaag taactggctt atccacagca gaaaacgccc
tgttgatagc 6780  cctattgggg taggtcgggt accagacagt ttgaaaaagg
cacataccca tgattagtga 6840 catctataca cttgaagatc acagggttga agacacaacc
cacctccagt ttgccgcaaa 6900 cgctataagg accgacggca aggactcaga
gttgaaggaa ttagctgtgg gagaccttga 4;980 taaatatgtg 



gacggactgg tagactactg caaagaaggg atyaaattca tcaaagtaca 7020
agctgaaaag gtcagagact cacagtctac gaaggaaggc ttgcaaacca ttaaggagta
7880 tgtgcataag tttatacaat cactaacaga gaataaggag gagatcatca ggtatggact
7140 atggggagtt gacagggcac tctacaaaag cttgggagcg agactggggc
atgaaacagc 7200 ttttgcaact ttagtggtaa aatggttggc ttttgggggc gaaacggtat
gtgctcacat 7260 caagcaagta guagttgatc tagtagtata ttatatcatc aagaaaggat
cttttcctgg 7320 agatacagag accgaacuag aggagaggaa gtttgtggct aglacttttta
tatctgcact 7280 agcaacatac acatataaaa. cctggaatta caacaatctg caacgggttg
tcgaacctgc 7440 cttagettaz ctcaactatg ctacaagtgc cttgaagttg ttuacaccca
caagattaga 9500 gagtgtggtc atactcagtt ctacaattta caagacatac ctctctataa
ggaagggtaa 



7560 gagagacggc ttgttaggta cagggataag tggagccatg gagatcttaa
accaaaaccc 7620 aatctcagta ggtatatatg tgatggtggg ggtaggtgac atcgccgccc
ataatgcaut 7680 agaatctagt gaacagaaaa gaactttgct gatgaaggtc tttgtaaaaa
acttcttaga 7749 ctaaggagca. acagatgagc tagtcaaaga gaaggctqaa
aaaataatca tggctctutt 7800 tgaaggagtc cagaccatag gaaacgccet aagactcatc
taccatctgt acggggtgta 986.0 ctataagggg tgggaagcaa aagaactcgc
agagaaaact gctggccgca acttattcac 7920 attgatcatg tttgaggcct ttgagott.tt
aggtatggac tcagaaggaa agataagaaa 7980 cttgttaggc aactacatac tqgacttaat
cttcaacttg gataatuaat tuaacaaggg 8848 gcttuaaaaa ctagtgcttg ggtgggctcc
tgcagatttg agctgtgatt ggacaccaag 8180 tgatgagaga ataagggtag
ctaataagaa otacttaagg 



gtagaaacca ggtgtccttg 8160 tggctatgag atgaaggcaa taaaaaatgt tgctggtaaa
ttgacaaaag ttgaagaaaa 8220 ggggtccttc ctatgcagga atagattagg
gagaggacct ccaaacttca aagtaacaaa 82860 gttctatgat gataacttga
tagaagtcaa gcgagtagct aggctagaag gccaggtgga 6810 cgtgtattac
aagggagtaa caggtaagtt agactacaac aatgggaaag tactgtta.gc 8480
taccaacaag tgggaggtgg accacgcttt cctgatgaga ctagtaaaga agcacagagg
8460 gataggtttt aaaggtgcat atttgggtga cguaccagac catcaagatc ttgtcgatag
Sg20 agattgtgca actataacga agaactggagt agagttcgta aaaatgaaga
agggttgcgc 88880 ttggagatat gagggtaacaa tgtctaacct tgtcagggtt attgaactag
tccataagaa 8640 taatttacaa gaaagagaga tocctuccgt gacagtauct acttgggttg
catattottt 97g0 tgtcuatgaa gacctgggga 



ctatcaagcc tgtattgggg gagaaagtca toccagaacc 8760 ccccgaggag
ttgagtcgcc aacccaccgt gagactagtc accactgaaa gagcaataac 2820
cataacaggg gaggctgaag tgatgaggac agggatgaca atugtggtag agatgaaaga
888:0 agaacctcag ctggaccacc agtcaactac cctaaaggta gggttgaagg
aaggggaata 8940 tcgagggcca ggagttaacc ctaaucattt aggagacmtn
atagatgaga aagatgagag 9008 gccttttgt.c. ctaatcatcg gtaacaaagg ttctagctcg
aacagagcaa gaacggggaa 8068 gaatatacgg ctgtacaaag gaaacaaccc
aagagagatc agggatctga tgagggaagg 8120  q-9< aagaatattg taaaagagtt
ggacccggaa ttaaaagaat tagtagatta 9160 caaggggacc tttcaaaata gggaagcttt
agaagcccta agcttaggta agccaatcaa 9240 gaggaaaacc acaacagcaa
tgatcaggag gttaatagag ccagaggttg aggaggaact 9300 



accagattgg ttcgaagcgg aagaacccct atttttggaa gcaaaaatac agaatgactt 9360
ataccaccta attggcagtg tagatagtat aaaaagcaaa gcaagg8at taasiggccac
9420 agataacaca aagatagtga aggaagttgg ggctaggacc tatacgatga
aattgagcag 8480 ctggagcaca. caagttacaa. aaaaacagat gugtctagcc
cctctctttg aagagctgtt 954.0 attaaagtgg cctccatgta gtaaaatttc aaagggacat
atggtgtcag cataccaact $600 alctcaagga .Eiactgggaac cccJ:tgggtg
tgclggt.ctat. atgggaacca taccagctag 9660 gcgtcicaag atccaccctt atgaggctta
cottaaactc ii,aagagttgg tggaagttga 9720 atcttggagg gccactgcaa
aagaatccat cataagagaa cataacacct ggatcctgcg 3780 gaaggtgaga
catgaaggga acctaagaac caaatcaatg atcaatcctg ggaaaatatc 584x)
agatcagcta tgcagagatg gacacaaaag aaacatatat aataagatca 



taggctgaac 9900 aatggcctct gctggtatta gactggagaa actgccagta gtccgaggcc
aaactgacau 9960 aaccaqtwtc caccaaqcca taagagaaaa aattgataaa
acagaaaaca aggagaggagg 10020 tgaattgcat gaagaactaa tgaaggtctt
cgactgctta aagatcgcag agctgaagga 10080 atcgtatgat gaagtttcat
gggaagaatt agaagccggg ataaaccgta agggtgcagc 1881.0 aggctateta
gagagcaaga acatagggga agtcutagac agagagaaac acatagtaga 10200
gcaggtgatg aaggatctga ggaagaggaa guagattagg tactatgaaa cagccatccc
10260  caagaatgag aagagagaog tcagcgacga ctgggaagcc ggagagtteg
ttgatgaaaa 10320 gaaaccaaga gtaatcagt acccggacgc caaggtgaga
ctggccatga caaaagtgat 10380 gtacaaatgg gtaaagcaaa aaccaggggt
gatacccggc tatgaaggta aaacaccttat 10440 atttgacata ttcaacaaag
tgaagaagga atgggattca ttccaggacc ccgtagcagt 



10809 gagatttgac accaaagcgg gggatacaca agtcaccagt agagacctaa
tgttgataaa 10860 ggagatcaag aaatattatt acacatggtg gaggtacctg
tcaagagaag tcattacagc at,.a-,, agacggtgaa tttttagata gtttacataa
caataacaga ggaatgytca 20620 10680 gaggggtagt ggccaacccq acacaagtgc
tggtaatagt atgttgaatg tcctaaccat 10740 gatagatgct ttctgtaaaa gtacaggcat
accttacagg ggattcagca gagtggcaag 10898 aatccatgtg tgtggtgatg atggcttttt
gataacagag agagg-actgg gactgaaatt 10860 ctctgagaag ggtatgcaga.
tattacatga ggccgggaag ccccagaaaa taactgaagg 10920 ggacaaaatg
aaagtggcat acagattcga ggacatagag ttttgttccc atacteccgt 10980 gccagtcaga
tgggcagata acaccagtag ttacatggca gggaggagca cagccacgat 11040
actagctaag atggoaacca ggctggattc cagcggagaq aqqggtagca aagcttatga
11188 gaaggccgta gccttcagct tccttttgat gtactcatgg aatcccgtag ttagaaggat
11-160 ctgcttactg gtgttgtcac 



agtttccaga aatatcccca gccaaaaaca caatatacta 11220 ctaccaaggg
gatcccatag ctgcgtacag agaagtgata gggaaacagc tgtgtgaact 11280
gaaaagaacd. ggatttgaga. agctggctgg tatgaatttg agtatgacca ctctaggcat
11340 ctggacaaaa catactagta aaagactaat ccaagcctgt gtagaaagag
gtaagagaga 11400 aggtacctgq ttagttaatg ctgacagact gattgcagga
aagactggga agttttacat 11460 cccaagcact ggtgtcactc tgttgggaaa
acactatgag gaaattaact taaaggaaaa 11:128 ggcggcacaa ccgccgatag
agggggttga cagatataag ttgggcccca tagttaatgt 11890 tatcttgaga.
aggctgaggg tgatgotgat gaceagttgcc agcggaagct ggtgaatocg 1164.0
tccggagcgt cgtgcoctoa ctcaaggttt ttaattgtaa atattgtaaa tagacagcta 11400
agagatttat tgtagttgga tagtaaggca gtgatagtaa ataccccaat ttaacacgac 11760
ctccaatgca ctaagcactt tagctgtgtg aggttaactc gacgtccacg gttggaatag 11820
ggaagacctc taacagcccc   



11840 <410>3      -42111-.>12229      <112>DNA.      <4113>Artificial
Sequence: Mutated BVE91: MIKE--B   <408>3 gtagacgaga ttagctaaag
aactcgtata tggattggac gtcaacaaat ttttaattgg 80 caacgtaggg aacogtccagc
tcagggaagg ccgaaaagag gctagcgatg 9"24114:g 120 gactagcaaa
agtaggggac taggaggtagc agtgagttgg ttggatggcc gaacccggga iao
gtacagggga gtcgtcaatg attcgacact ccattagtcg aggagtctcg agatgccatg 240
tqqacgaggg catgoccacg gcacatotta acccatgcgg gggttgcatg ggtgaaagcg
300 ctattcgtgg cgttatggac acagcctgat agggtgtagc agagacctgc tattccgcta
360 gtaaaaactc tactgtacat ggcacatgga gttgttglaca aatgaactgg tatacaaaac
420 atagaHaacaa aaaccagcag 



gcgtcgtgga acctgiyetac gacgtcaacg ggcccacact 488 gtttggagag
aggagtgact tgcacccgca gtcaacacta aaactaccac accaacgagg 540
cagcgccaag atcctgacca atgctaggtc cctaccgcgg aaaggtgact gccggagagg
600 taatgtgtat ggaccggtga gtggcatcta tatcaaacca ggaccgatct actaccagga
660 ttatglagggc cccgtctatc atagagcceo actggaacta tgtagggagg caagtatgtg
720 cgaaacaact aggcgagttg gcagagtgac cggtagggat gggaaattat. atcatatgta
780 catatgcata gatgggtgta tcctcctgaa gagggcgact aggaaccaac cagaagtcct
840 geaatgggga tacaacagat taaattgtcc tttatgggtc accagctgct ccgatgaagg
900 gagcaagggg gctacaagta. agaagtgagcc taagccagat aggagagaaa
aaggtaagat 960 gaaaatagcc ccaaaagaga. cagaaaaaga ttgcaaaacc
agacccacccg acgcgactat 2020 agtagtagaa agggt.taagt accaggtgaa
gaaaaaagga aaggtaaggg gaaaaaagac 1080 t.caa:atggg ttataticaca
acaaga4rtaa gccccgtgaa 



tcaagaaaaa aattggaaaa 1148 ggcactgcgg gcttgggcca tottagcagc
ggtcotgctt cagctggtaa caggagagaa 1288 tatcacccag tggaacttga
tggacaacgg caccgaggga atacagcaag cgatgttcct 1260 aagaggggtg
aacaggagtc tacatggaat tgggccagag aaaatttgca ccggagtacc 1320
aactcactta gcaagagact atgagcttaa agagatagtg gggatgatgg acgclagtga
1380  gaagaccaaa taggcgtgtt ggaggttgca aagacatgag tggaataaag
gttggtgtaa 1440 ctggtttcat atagaaccgt ggatatggtt gatgaacaaa acccaaaaca
accatgagaga 1500 aggggaaccg cttagggagt gtgctgtgaa ttgtaggtat
gacaaggaza aagaattgaa 1560 catcgtgaca caiggtaggg agagaggtac
aactctgaca ggttggaaga aaggcaagaa 1620 tttctatttg gcaggtgtta tagtggatgg
ggcatgtaac tttaaagtat cggttgaaga 1623 tgtgcatqttc aaggagcacg
attggggeaa catgctgcaa gagagggcga 



tacaggtact 1140 cgatggggca aggaacacaa ttgagggagc aagggtaggg
acggcgaagt tgacaagctg 1200 gttagggaag caattaggga tccttggtaa
gaagttggag aacaaaagga aagcatggt.t. 1560 tigtgaacat guagcaagtc
catactgggg agtggagagg aagatcggtt acgtatggta 1520 tagaaaaaac
tggagtggag cttganttac aagaaagact agaataatag gccccgggaa 1520
atttgatacc aacgccgaag atggaaaaat actgaatgag atgggggggc agatctaaga
2040 atttgtccta ttgtccttqg tggttctgtg tgactttgcc ccggaaaccg cgagagtcat
2100 ctacttggtt ctacattttg cgatoccgca aagccaagtt gatgtagaga catgcgacaa
2160 gaaccagatg aatttaaagg taggazgag agtaggagag gtcataccag
ggacagtgtg 2220 gaacgtaggg aaqtatgtct geataagagg agactggtgg
ccatatgaga cgacgacagt 2250 cttcgtcata gaggaagcag ggcaagtaat 



caaattgatg gtaagggcca tcagagactt 2540 aactaggata tggaatgctg
ccaataccac agatttgtta atglattttag taaaagaact 2400 gaggggacaa.
ctaatccaeg gggtattgtg gctgatgcta ataagaggag cacagggctt 2460 cgatgaatgc
aaagagggat tccaatatga catatctaaa gacaggaaaa tggggttatt 2520
ggggccagag agettaagta caacatggga ccticcqgaca aaaaaaatag tgqattaccat
2550 ggtqcatgta tggtgtgaag gaaaagagtt gaaaatatta aaaatagtgea
caaaggaaga 2640 gaggtatgta gtggatgtgc acgagagagg cttataaacc
agtgccgagt ttatgcagat 2700 cagtgatcgg agaataggcc cagacgtgat agatatgcct
gatgactttg agtttggact 2760 ctgccgttgt gactcaaaac cagtgataaa gggcaaattt
aatgccagct tactgaatgg 2220 agcagctttc cagatggtat gccgacaggg gtggactggt
acaatagaat gcaccgtagc 2520 gaaccaagac 



accttggata caactgtcat taggagatat agaagaacta tcagatttga 2940
gaggagaaaa tggtgtacct atgaaaaaat aataggggaa gatatctatg aatgcattgt 3000
aggtggaaac tggacatgca taaacggtga ccatagcagg ttgaaagacg gaaagtatcaa
3060 gaagtgtaag tggtgtggcc atgacttcgt caactcagag gggataccau
actaaccaat 3520 aggcaagtgc atgctgatca acgagagtgg gtacaggtat
gtagatgaca catottycga 31.20 tagggglaggt gtagccatag ttccatatgg caccgt
tqtagaatag gtaacgtcac 3240 ggtqcaagtt atcgctagta acaatgatgt gggagccatg
ccttgcagcc cagctgaagt 3200 gatagcaagt. gaaggaccag tggaaaagac
tgcatgaacg ttgaactatt gaaggactct 3560 atcataataag tattatgagc caagggaccg
gtacttccaa caatacatgt taaaagggga 3420 qtyycaatat tggttcgacc tggattctgt
agagcaccac aaagactact tctcagagtt 



3480 cataatcata geagtggtcg ccttgttggg tggtaagtac gtactgtggc tcttgataag
2540 atacacaata ctgtotgagc agatggctat gggtgctgga gtqaatactg aagagatagt
3600 catgataggc aatttgttga cagacagtga tattgaggtt gtggtttatt tocttattct 566q
gtacttaata gttaaagagg aactggcgag gaaatggatt atagtggtat accacatttt 3720
tgtagccaac cgtatgaaaa caattggggt cgttttacta atgataggqg gagtggtgaa 3780
ggegagcaga atcaatgctg atgaccaaag tgatatggac acatgatttc ttctcgtgac 3240
aggcgtagtg gctgttttga tgatcgctag aagagaacct gccacattac cactgattgt 3900
aggattgcta gcaataagaa catcaggatt cctactggag act aggattg atgtaactgt 5560
agcagtagta ttaattgtac ttttgttggc tagatacata acagactaat ttagatataa 4020
aaagtggcact caactcttat ttagtctgat agctggtatc 



tttattataa ggaggttaaa 4060 agatatcaac gagatggagg taccagaaat atgtatgcca
agttggagac ciactagctct 4140 gytccttttc tatataacat etagagcaat aaccactaat
tgggacattg acttaygagg 4200 ottcct22ctg caatgggcgc caggagtgat
catgatggct. accatgt,3gg ,Afmcttb.ti. 4260 gactctgatc: atagtgatgc
ccagttagga gttactaAg ctttacttcc taaagaacgt 4520 gaggacagac gtggaaaaga
actggctcgg caaagtgaaa tagagaaaga tcagttcagt 4320 ttatgacatc tgtgacagtg
aggaaggagt gtacatattt cgatcaaggc ataagagtgg 4440 aagcaggcca gatttcatat
taccat20tActt. guaagccgtg ttaataagct ggatgaggag 4500 cgaatggcaa
gtggtttaca tttatta=t aatactggaa attacatact atatgcacag 4560 gaaaatgata
gatgaggtgt caggaggagc aaattttct.a tcaagactca taggagccat 4620 catagaatta
aattgggcca 



tagatgatga ggaatgtaaa ggactgaaga aactgtatct 4680 cttgtcaggg
agagcgaaga atttgatagt taaaaataag gtaagaaatg aageggtcca 4710
cagatggztt. ggtgaggagg aaatatacgg ggcacccaag gtgatcacta tcataaaagc
4300 tagtaccata agtaaaaaca ggcactycat aatctgcacg atctgtgaag
ggaaagaatg 4860  gaatagaggc aactgccgaa agtgtggaag agaaggaaag
cggataacat gtggaatgac 4923 actoggagac tttgaggaga aacattacaa
aaagatattt. at t' aatettattg 4980 tcctgtgcct tttgatect41 cttgacattg
taa44515t444. agccacgatg ggcatt.tcag 5010 gaaagagtat aagggttacg
tccaatacat aaccagagga caactattta tgagiaacct 5155 accaattcta gcgacgaaga
tgaagctatt aatggtggga aacct.cggcg cagaaattgg 5180 cgacctgggg.
catctaggat gggtactgag agggccagcc gtgtgcaaaa aaataccaa 5220
ccatgagaag tgccacgtaa acatcatgga taagctaact gcattttttg gaatcatgcc 5260
tagaggcacg acacctaggg cacctgtgag gttc.c.ccaca gcactactaa aagtgagaag
5440 ggiggtagag acgggatggg cttacacgca ccaaggagg.g atcagctogg
tagaccatgt 5450 cacagccgga aaggatttac tagtgtgtga captatgggc
aggaccgggg ttgltctqtea 5465 tagtaacaat aagatgactg atgagactga gtatggaatc
asgaccgact cagggtqtcc 5520 agaaggtgcg aggtattacg tgctaaaccc
agaagctatt aacatttctg gcacaaaagg 5980 agctatggta cacctccaga
aaacgggggg ggagttcaca tgtgtcactg cctcagggac 5640 cccggatttc ttcgatctga
aaaatotaaa aggctggtag gggctaccaa tttttgaagc 5700 atccagtggc agggtggttg
gtagggtgaa agtoggaaag aetgaggatt gcaagcccac 5760 caaactaatg
agaggaatcc agacagtgtc taagaaccag agagacctag cggacatcgt 5820
aaaaaaattg actagtatga acagaggaga gttcaaacag gtaacattag ccactggggc
5883 aggaaaaact aaggaaatgc caaggtccgt catagaggag atagggaggc
acaaaagggt 5840 cttagtcctg ataccattga gaggaggagc agagtcagtg tatcagtata
tgagagtgaa 6000 gtacccaagt atatctttca at4tgagaat aggaga
tatcaaggaaggIgg acatggccag 6060 tggtatcacc taagcctcat7 atgggtactt
ttgtga.gctt cctcagccca aactgagagc 6125 tgacatggta gagtactcat atatattctt
agatgagtac cactgtgcta caccalgagca 6180 attaacaata. attggaaaga
tacacaggtt tgctgaaaat cttagagtgg tagcaatgac 624.0 agcaacccga
gctggaacgg tcacaacgac tggtcagaaa gaccctatag aggagttcat 6300
agccccagag gtgatgaaag gtgaagatct aggtagtgaa tacttggats ttggagggtt.
6360 gaagataccg actgaagaga tgaaaggcaa catgctcgtg ttcgcgccaa
ctaggaacat 18420 ggcagtagaa acagctaaga aattgagaggc taagggatac
aactctggat actattacag 6485 tggggaaaac ccagagaact tgagggtggt
aacctagcaa tacccgtatg tggtagtagc 654.0 caccaatgcc atagagtcag gtgtgacatt
accagaatta gacacagttg tagacactgg 6600 actaaagtgt gagaagaggg
tgaggatttc ttcaaaaatg occttcattg taacaggact 6660 taagagaatg gcagtcaaaa
teggagagca agccacgc aggggtagai taggaagagt 6.720 caaggcacgt
aggigaaata ggagtcaaga aacagattca gagt.caagag attaccatta 60760
cgacgtactg caagcccaga ggtacggaat agaagatgga attaatgtaa gaaagtcatt
664.0 cagggagatg aactatgatt. ggagaattta ogaagaggac agcttgatga
taactaaact 6800 giaggtcatt aacaacctac ttatatcaga agacctgact ccgc-gta
gaagatcat 6960 ggcccggacc gatcacccag aagccataca actggactat
aacagttatg aaaaccaaat 7020 tccagtgctq ttccoaaaga tcaaaaatgg
tgaggtgaca 7ac1g447147a agaattacac 7050 atgatctcaat gcaagaaaat
taggagagga agtgagggca tatgtgtagg ccacagagga 714 tgaggatcta
gcagtggatc ttctgggtat ggattggccg gacccaggca accaacaggt 7200
ggtagagaca. gggagggcat taaaacaagt aactggatta 4cgacagcag aaaacgc.act
72611 cttgatagcg atattc..ggct acgtcgggta gcagacactt tgaaaaaggc
agatacacat 0020 gattactgac atctatacac ttgaagacca caggcttgag
gacacaaccc acctccagtt. 7380 tgocccaaac gctataagga ccgacggcaa
ggactcagag ttqaaggaat tiagctgtggg 7410 agaccttgat aaatatgtgg acgcactggt
agactactcc aaacaaggga tgaaattcat 7555 caaagtcaaa gctgaaaagg
tcagagactc acagtgtacg aaggaaggct tgcaaaccat 7560 taaggagtat
gt44gataag4. ttatacaatc actaacagag aataaggagg ggatcatcag 7620
gtatggacta tggggagttg acacggcact gtacaaaagc ttggcagcga gactggggca
76160 tgaaacagct 4t4gcaactt tagtggt.aaa r:ztggftggct tttgggggcg
aaacggtatn 7710 tgatcacatc aagcaagtag cagttgatct agtagtatat tatatcatca
acaaaccatc 7800 ttttcctgga gatacagaga cacsagaaga ggggaggaag
t.ttgtggata gtctt.tttat 7860 atctgcacta gcaacataca catataaaac ctggaattac
aacaa.1-..ctgc aacgggttgt 7820 cgaacctgac ttagottaco taccatatgc
tagaagtgcc 443aagttgt. tcacaaccac 7980 aagattagag agtgtggtga taatcagttc
tacaatttac aagacatacc tctctataag 8040 gaagggtaag agtgacggct tqttaggtac
agagataagt gcagccatgq agatcttaaa 61500 ccaaaaccaa atctgagtag
gtatatctgt gatgctgggg gtaggtgcca tcaccgccca 6165 taatgcaata gaatctagtg
aacagaaaag aactttgctg atgaaggtct ttgtaaaaaa 8220 cttattaggc caagaagcaa
cagatgagat agtcaaagag a.acactgaaa aaataatcgt 8280 ggctctattt
gaagcagtcc agaccatagg aaaccaccta agactcatct accatatgta 8340
cggggtgtac tataaggggt gggaagcaaa agaactgyca gagaaaactg ctggccgcaa
9400 cttattcacg ttgatocatgt ttgaggcctt tgagct.tt.ta ggtatggact cagaaggaaa
6460 gataagaaac ttgtcaggca actacataat ggacttaatc ttcaacttgc ataataaatt
8529 aaacaagggg ctcaagaaac tagtccttgg gtggattcct gcacctttga gctgtgattg
8639. gacaccaagt gatgagagaa taagtactacc tcataagaac tagttaaggg
tagaaaccag 9640 gtgtccttgt ggctatgag9. tgaaggcaat aagaaatgtt 



gctggtaaat tgacaaaaga: F:700 tgaagaaaag gggtc.ctttac tatgcaggaa
tagattaggg agaggacctc caaacttcaa 8760 agtaacaaag ttctatagatg ataacttgat
agaagtcaag ccagtagcts ggctagaagg 8920 ccaggtggac etctattaca
agggagtaag agctaagtta gactacaaca atgggaaagt 88ao actgttagct.
accaacaagt gggaggtgga ccacgctttc ctgaccagac tagtaaagaa 8940
gcacacaggg ataggtttta. aaggtgcata tttgggtgac cgaccagacc atcaagatct
900g tqtcgataga gattgtgcaa. ctataacgaa gaactcagta cagttcctaa
aaatgaagaa 9.060 ggittgcgct ttcacatatg acctaacaat ctctaacctt gtcaggctaa
ttgaactagt 9120 ccataggaat aattatacgag aaagagggat ccctaccgtg
acagtaacta cttggcttgc 9189 atattatttt gtcaatgaag acctggggac tatcaagcct
gtattggggg agaaagtcat 9240 cccagaacgc cccgaggagt 



tgagtctcca acccaccgtg agactagtca ccactgaaac 9300 agcaataacc
ataacagggg aggctgaagt gatgacgaca gggataacac cagtggtaga 9360
gatgaaagaa. gaacctcagc tggaccacca gtcaactacc ctagaggtag ggttgaagga
S420 aggggaatat ccagggccag gagttaaccc taaccattts gcagaggtga
tagatgagaa 9480 agatgacagg cettttgtac taatcaacgq taacaaaggt tctacctcga
acagagczag 9540 aacggocaag aatatacggc tgtanaaagg aaacaaccca
agagagatca gggatctgat 9690 gagccaagga aggatattga cggttgctct
aaaagagttg gaccoggaat taaaagaatt 9660 agtagattac aaggggacct
ttatcaatag ggaagcttta ggagacctaa gcttaggtaa 9720 gccaatcaag
aggaaaacca caacagcaat gat.- :ggagg ttaatagagc cagaggttga 9760
ggaggaacta ccagattggt tccaagcagga agaaccecta tttttggaag caaaaataca
9940 



gaatgactta taccacctaa ttggcagtgt agatagtata aaaagcaaag caaaggaatt 9999
aggggccaca gataacacaa agatagtgaa ggaagttggg gctaggacct atacgatqaa
9969 attgagcagc tggagcacac aagttacaaa aaaacagatg agtctagccc
c.tctatttgm 10020 agagctgtta ttaaagtgcc ctccatgtag taaaatttca aagggacata
tggtgtcagc 10063 ataccaactg gctcaaggaa actgggaacc cctcgggtgt
ggggtctata tgggaaccat 1E140 accaggtagg cgactcaaga tecacactta
tgaggcttac cttaaatatca aagagctggt 10200 ggaagttgaa tcttcgaggg
ccactgcaaa agaatccatc ataagagaar ataacacctg 10260 gatcctgcgg
aaggtgagac atgaagggaa cctaagaacc aaatcaatga tcaaccctgg 10320
gaaaatatca gatcagctat gcagagatgg acacaaaaga aacatatata ataagatcat
loseo aggctcaaca atggcctctg ctggtattag gctggagaaa ctggcagtag 



tccgagccca 16440 aactgacaca accagtttcc accaagccat aagagaagaa
attgataaaa cagaaaacaa 10500 gcagacacct gaattgcatg aagaagtaat
gaaggtctt.c gactgcttaa agatcocaga 10560 gctggaggaa tcgtatgatg
aagtttcatg ggaactaatata gaagegggga taaaccgtaa 19.620 gggtgcagca
ggctatctag agagcaagaa cataggggaa gtectagaca cagagaaaca 19680
catagtagag cagctgatca. aggatctgag gaaggggaag aggattaggt actatgaaac
10740 agccatccec aagaatgaga agagagacgt cagcgacgac tgggaagggg
gagagttcgt 10800 tgatgaaaag aaaccaagag taatccagta accggacgcc
aaggtgagac tggccattac 19960 aaaagtgatg tacaagtggg taaagcagaa
accagtggtg atacccggct atqaaggtaa 10629 aacacctcta tttgacatat tcaacaaagt
gaagaaggaa tgggattcat tccaggaccc 10956 cgtagcagtg agotttgaca
gcaaagcgtg 



ggatacacaa gtcaccagta gagacctaat 11010 gttgataaag gatatccaga.
aatattaatt caagagaagt atacacaaat ttttagatac 1110 aataacagaa cacatggtgg
aggtacctgt cattacagca gacggtgaag tttacataag 11160 qaatgatcag
aggggt.agtg gccaacccga cacaagtgat gqtaatagta tattqaatgt 11220
cctaaccatg atatatgatt tctgtaaaag tacaggcata cottacaggg gattcagcag 11290
agtggcaaga atccatgtgt gtggtgatga tggctttttg ataacagaga gaggactggg
11340 actgaaattc tctgagaagg gtatgcagat attacatgag gccgggaagc
cccagaaaat 11400 aactgaaggg gacaaaatga. aagtggcata cagattcgag
gacatagagt tttgttccca 12460 tactcccgtg ccagtcagat gggcagataa caccagtagt
tacatggcag ggaggagcac 11520 agccactata ctagctaaga tgqcaaccag
gctggattcc agcggagaga ggggtagcag 1153) agcttatagag 



aaggccgtag ccttcagctt ccUttgatg tactcatgga atcccgtagt 11649 tagaaggatc
tgcttactgg tgttgtcaca gtttccagaa atatccticat ccaaaaacac 11700 aatatactac
taccaagggg ataccatagc tgcgtacaga gaggtgatag ggaggcagct 11760
gtgtgaactg aaaagaacag gatttgagaa gctggcttigt ctgaatttga gtatgaccac
11820  tctaggcatc tggacaaaac atactagtaa aagactaatc caagcctgtg
tagaaatagg 11880 tgagagagaa ggtacctggt tagttaatgc tgagagaatg
attgcaggaa agactgggaa 11940 gttttacatc ccaagcactg gtgtcactct
gttgggagaa cagtatgagg aaattaactt 12000 aaagcaaaag gcggcacaac
cgccgataga gggggttgac acatataagt tgggccocat 120882 agttaatgtt
atcttgagaa gggtgagggt gatgctgatg agagttgcca gcggaagctg 12120
gtgaatocgt ccggagcgto gtggcctcao tcaacgtttt taattgtaaa 



tattgtaaat -12-H3o agacagctaa gatatttatt gtagttggat agtaatgcag tgatagtaaa
taccccaatt 12240 taacactscc tccaatgcac taaggagttt agctgtgtga ggttaactgag
acgtcactgagg 12300 ttagg-actagg gaagagctct aacagoccc    12329
<2.10>4 <211>1183'7 <2123DNA <213>Artaficial Sequence:
MatatadX2.8g38E-NdN <400>4   gtatacgaga ttaggtaaag aactcgtata
tggattgac gthaacaaat ttttaattgg 60 caacgtaggg aaggttcccc tcagcgasgg
ccgaaaagag gctaggacatg cothagtag 120 gagtagcaaa agtaogggac
tagoggtagc agtgagttcg ttggatggcc gaaccootga 160 gtacagggga gtogtgaatg
gttcgagact goattagtgg aggagtctcg agatgcgatg 240 tggacgaggg catgcccacg
agacatctta acocatTgagg gggttgcatg ggtgaaagcg 300 ctattogtgg cgttatggac 



acagcctgat agggtgtagc agagacctgo tattccgcta 260 gtaaaaactc tgctgtacat
ggcacatgga gttyttttcc gatgaaggga gcaagggtgc 420 tacaagtaag aagcagccta
agccagatag gatagaaaaa ggtaagatga aaatagcsacc 420 aaaagagaca
gaaaaagatt ggaaaaccag accoccogac gcgactatag tagtagaagg 540
ggttaagtac caggtgaaga aaagaggaaa ggtaagggga aaaaatactc aagatgggtt
600 atatcagaac aagaataagg cccctgaatc aagaaaaaaa ttggaaaagg
cactgctggg 680 ttgggccatc ttaggagcgg tcctgcttca gctggtaaca ggagagaata
tcaoccagtg 720 gaacttgatg gacaacggca cggagggaat acaycaagcg
atgttcctaa gaggggtgaa 280 caggagtcta catggaattt ggceggagaa aatttgoacc
ggagtaggaa ctcacttggc 640 aacagactat gagottaaag agatggg gatgatggac
gcgagtgaga agaccaacta .900 



cacgtgttgo aggttgcaaa gacatgagtg gaataaaggt tggtgtaact ggtttcatat S60
agaaccgtgg atatggttga tgaacaaaac ccaaaacaac c.tgacagaag ggcaaccgct
1020 tagggagtgt getytgactt gtaggtatga caaggaaaca gaattgaaca
tcgtgagaca 1080 ggctagggac agaggtacaa ctctgagagg ttgcaagasa
gggaagaatt tctctttggc 1140 aggtgttata ctggatgggc cctgtaactt taaagtatcg
gttgaagatg tgctgttcaa :an. ggagcatagat tgoggcaaca tqctgcaaga
gacogggata cagctactcg atagggcaac 126.0 gmacacc.att gagggagcaa
gggtagggac ggccaagttg acaacctggt tagggaagca 1320 attagggatc
cttggtaaga. agttggagaa caaaagcaaa gcatggtttg gtgcacatgc 1390
agcaagteca tactgcggag tggagaggaa gatcggttac gtatggtata csaaaaactg
1440 cactgcagct tgccxtccaa gaaacactag aataataggc cccgggaaat 



ttgataccaa 1800 cgccgaagat ggaaaastag tccatgagat gggggggcac
ctctcagaat ttgtcotatt 1560 gtccttggtg qttotgtcty actttgcccg ggasacogcg
agagtcatct acttggttct 1620 acattttgcg atoccgcaaa gccacgttga tgtagacaca
tgcgacaaga accagctgaa 1680 tttaacggta. gcaaccacag tagcagaggt
gataccaggg agagtgtgga aoctagggaa 1740 gtatgtotgc ataagaccag
actygtggcc atatgagagg acgacagtct togtcataga 1800 ggaacaggg
caagtaatca aattcpt.gct ;:zagggcx;atc agagasttaa ctagga:isig 1860
gaatgc..t.gcc actacacag ottLottaat cttLLtagta aaagcactga ggggacaact
13:20 aatccaaggg ctattgtggg tgatgctaat aacaggagca cagggcttcc
ctgaatgcaa 1980 agagggottc caatatgcga tatctaaaga caggaaaatg
gggttattgg ggggsgagag 2040 cttaactaca acatggcacc tccccaccaa 



aaaaatagtg gattccatgg tgcatgtatg 2100 gtgtgaagga aaagacttga aaatattaaa
aatgtgcaca aaggaagaga ggtatgtagt 2160 cgctgtqcac gagagagcct
tateaaccag tgcogagttt atgcagatca gtgatgggac 2220 aataggccca
gacgtgatag atatgcctga tgactttgag tttggactct gccgttgtga 2280 ctcaaaacca
gtgataaagg gcaaatttaa tgccagctta gtgaatggac cagetttcca 2310 gatggtatgc
ccacaggggt ggactggtac aatsgaatgc accctagcga accaagacac 2400
cttggacaca actyttatta ggacatatag aagaact.ace ccatttgagc ggagaaaatg
2460  gtgtacctat gaaaaaataa taggggaaga tatctatgaa tgcattctag gtggaaagtg
2520 gacatqcata accggtgacc ataticaggtt gaaagacgga cctatgaaga
agtgtaagtg 2580 gtgtggcgat gacticcgtga actacagaggg gctaccacac
tacccaatag ggaagtgcat 2540 



gctcgtcaag gagagtgggt acaggtatgt agatgacatta tattgcgatta ggggtggtgt
2755 agccatagtt coatctggca ccgtaaagtg tagaataggt aacgtcacgg tgcaagttat
2760 cqgtactaac gatgatgtgg ggcggatgcc ttgcagccca gatgaagtga
tagcaagtga 2823 aggaccagtg gaaaagactg catgcacatt caagtattca
aggactctac ctaataagta 2880 ttatgagcca agggacAaggt acttgcgaca
atagatgtta &aaggggagt ggcaatattg 2940 gttagacctg gattctgtag accaccacaa
agagtacttc tcagagttca tgatcatagc 3002 agtggtcgcc ttgttgggtg gtaagtacgt
actgtggctc ttgataacat agacaatact 3065 gtctgaggag atggctatgg gtgctggagt
gaatactgaa gagatagtca tgataggcaa 8120 tttgctgdca gagagtgata. ttgaggttgt
ggtttatata cttcttctgt acttaataqt 3183 taaagagga& ctggcgagga aatggattat
Lactggtatac cacatecttg 



tagccaaccc 2240 tatga&ggga attggggtgg tcttgctaat gctaggggga
gtggtgaagg ccaggaggat 2205 caatgctgat gaccaaagtg c..t&Ogatc.tc
gtgctttctt gt.cgtacag gcgtagtggc 3385 tgttttgatg atcgctagaa gagaacctgg
cacattacca gtgattgtag cattgctagc 8.420 aataagaaca. tgaggattcc tactgcccgg
taggattgat gtaactgtag gagtagtatt 3483 aattqtautt ttgttggcta gctacataac
ag&gtagttt agatataaaa agtggcttca 3540 agtcttattt agtctgatag ctggtatctt
tattataagg aggttaaaat gtatcaacca 2600 gatggaggta ccdgagatat ctatgccaag
ttggagacct gtagct&ctgg tccttttata 2:665 tataacatgt acagcaataa ccactaattg
ggaaattgac ttagcaggct tgctgctgca 3725 atgggcgcca gcagtgatca tgatggctac
gatgtqggca gactttttga ctatgatcat 37tM agtgctggcc agttaggagt tatgtaaggt 



ttactctcx:ta aaga&cgtca ggacagaggt 384.0 ggaaaagaac tgygtaggca
aagtgaaata cagacagatc agttcagttt atgacatctg 9900 tgacaqtgag
gaaggagt4rt accatatttcc atcgaggcat wagagtggaa vaggccaga 3960
tttcatatta cctLttttga aagcogtgtt aataagatgc atcagcagcc aatqgcaagt 4525
ggtttacatt tcttdcgtaa tactggaagt tgcatactat atgcaaagga agatcataga 4035
tgaggtgtga ggaggagcaa attttctatc aagactcata gcagccatca tat:matt:az:a
414.0 ttgggccata gatgatgagg aatgtaaagg agtgaagaaa ctgtatotct
tqtcagggag 4230 agcgaagaat ttgatggtta aacataaggt aagaaatgaa
gccgtcgaca gatggtttgg 4260 tggggaggaa atatacggqg cacccgaggt
gatcactatc ataaaaggta gt&cgctaag 4220 taaaaacagg cactgcataa
tctgcaagat ctitgazggg gaagaatgga atggagcoaa 4380 ctgraccadag 



tgtggaagag aaggaaagcg ggtaacatgt ggaatgacac tggcagactt 4440.
tgaggagaac1. cattagaaaa. agatatttat aaqggaagaa tc.ttcttgtc gtgtgccttt
4500 tggtccttct tggcattgta attattttcq gcaggatggg cctttcagya aagagtataa
4560 gggt.tacgtc caatacacag ccagaggac& actc.t.ttctg aggaacctac
caattctagc 4020 gattgaggat& aagatattaa tggtgggaaa cgtcggcgca
gaaattggcg acctgggaga 4580 tataggatgg gtactgagag gggcagccgt
gtqcaaaaaa attaccaacc atgagaagtg 4745 gcacgtaaag. atcatggata
agctaactgc attttttgga atcatgccta gaggcacgac 4830 cgotagggca cctgtgaggt
tccgcacagc actactgaaa gtgagagggg ggctagagac 4860 gggatgggat
tacacgcaca aaggagggat caggtcggta gaccatgtaa cagccggaag 4920
ggatttacta gtgtgtgaca gtatgggcag gacgagggtt gtctgtcata gtaacgqtag 



4980 gatgactgat gggactgggt atggcatcaa gaccgactga gqqtgtccag
aaggtqcgag 5040 qtgttacgtg ataaacccag aagctgttaa cgtttctggc
acaaaaggag gtatggtata 5155 gctccagaaa acgggggggg agttcattatg
tgtactgcc tcagggaccc gggctttctt 5160 cgatatgada aatctaaaag gctggtacgg
gataccaatt. tttgaaggat ccagtggcag 5220 ggtggttggt agggtgaaag
tcgggaagaa tgaggattcc adgcccacca aactaatgag 5290 ggsdatccag
acagtgt,_ta agdaccagag agaggtagcg gacategt&a aaaaattgac 5340
tagtatgagc agaggagagt tcaaacagat aacattagcc actggggcag gagaaactac
5455 ggaactgcca aggtccgtga tagaggagat ggggaggcac aaaagggtct
tagtcctgat 5460 accattgaga. gcagc&gcag agtgagtgta tcagtatatg
agagtgaagt acccaagtat 5520 atcttatcaat ttgagaatag gagatgtgaa
ggaaggtgac 



atggcgactg gtatcagcta 5580 cgcctcatat gggtgctttt gtcagctiacc tcaggccaaa
ctgagagctg ccatggta.gg 5640 gtgctcatat atattcttag atgagtacca ctg.tgctaca
gcggagaaat tagcaataat 5755 tggaaagata cacaggtttg atgaaaatct tagagtggta
gcaatgacag caaccocagc 5165 tggaacggtg agaacgactg gtcagaaaca
geatatagag gagttcatag ggccagaggt 5825 ggtgaaaggt ggagatctag
gtagtgaata cttlgatatt gcagggttga agataccgac 5880 tggayagatg aaagyaaaca
tgetcgtg.t.t cgcgccgact aggagcatagg cagtaggaac 5940  agctaagaaa
ttgaaggcta agggatacaa ctctggatac tattacagtg gggaaaaccg 64,00
agagaacttg agggtggtaa cctcgcaatc cccgtatgtg gtagtagcca ccaatgccat.
6060 agagtaaggt gtgaaattac cagacttaga cacagttgta gacactggac taaagtgtga
6120 gaagagggtg aggatttctt 



caaanatgat cttcattgta acaggactta agagaatggc 44.66 agtcacaatc
ggagagcaag accagcgcag gggtagagta ggaagagtca agcgaggtag 6246
gtactatagg agtcaagaaa. gcttcagg gtcaaaagat tacaatgacg acctactgca 6300
agccgagagg tacggaatag aagatggaat taatgtaaca aagtcattca gggagatgaa
6960 ctatgattgg agcctatacg aagaggacag cttgatgata actcaactag aggtccttaa
6420 caacctcctt atatcagaag acctgactgc cgcagtgaag aacatcatgg
accggaccga 6440 tcacctagaa ccgatacaac tggcctataa cagttatgaa
aaccaaattc cagtgctgtt 6540 cccaaagatc aaaaatggtg aggtgacaga
cagttatgag aattacacat atctcaatgc 66444 aagaaaatta. ggagaggagg
tgccggcata tgtgtacgcc acagaggata aggatctagc 6644 agtggatctt ctgggtatgg
attggccgga cccaggcaac caacaggtgg tagagacagg 6720 



gagggcatta aaacaagtaa ctggcttatc cacagcagaa aacgccgtct tgataggcct
67BU attcggctac gtagagtacc agacactttc aaaaaggaac atacccatga ttactgscat
6840 ctatacacta gaagaccaca ggattgagga cacaacccac ctccagtttg
cocacaaacgc 6900 tataaggacc gacggcaagg actcagagtt gaaggaatta
gctgtgggag accttgataa 060 atatgtggac gcactggtag actactccaa acaagggatg
aaattcatca aagtccaagc 74,20 tgaaaaggtc agagautccc agtctacgaa
ggaaggcttg caaaccataa aggagtargt. 74,80 ggataagttt ataczatcac
taacagagaa taaggaggag atcatcaggt atggactatg 7446 pggalttcac
acggcactct acaaaagctt ggcagagaga ctyggicatg aaacagcttt 74990
tgcaacttta gtggtaaaat ggttggcttt taggggcgaa acggtatctg ctaacatcaa 7263
gcaagtagca gttgatctag tagtatatta tatcatcaac aaaccatctt 



ttcctggaga 7320 tacagagacc aaacaagagg ggaggaagtt tgtggctagt ctttttatat
ctgcactagc 7380 aagatacaca tataaaacct ggaattacaa caatctgcaa
cgggttgt.cg aacctgcgtt 7440 agattacctc ocatatgcta caagtgcctt gaagttgttc
acacccacaa gattagagag 7500 tgtggtcata ctaggttcta caatttacaa gacatacctc
tctataagga agggtaagag 7660 tgacggcttg ttaggtacag gcataagtgc
agccatggag atattaaacc aaaacccaat 7620 ctgagtaggt atatgtgtga tgctgggggt
aggtgccatc gtcgccgata atgcaataga 7660 atgtagtgaa cagaaaagaa
ctttgctagat gaaggtcttt gtaaaaaact tottagacca 7740 agcagcaaca gatgagctag
tcaaagagaa ggctgaaaaa ataatcaagg ctctatttga 7806 agtagtccay
acgataggaa acccgataag actcatctac gatctgtacg gggtgtacta 7860
taaggggtgg gaagcaaaag aactagcaga 



gaaaactgct ggeggcaact tattcacatt 7920 gatcatgttt gaggactttg agcttttagg
tatggactca gaaggaaaga taagaaactt 7980 gtgaggcaac tagatactgg aattaatctt
caacttggat aataaattaa acaaggygct 8040 caaaaaacta qtcatagggt
gggctacctgc accttacgagc tgtgattgga caccaagcga 8100 tgagagaata
agcgtacctc ataacaacta cttaagggta gaaaccaggt gtcctr.gtgg 8164 ctatgagatg
aaggcaataa aaaatgttgc tgataaattg acaaaagttg aagaaaaggg 8226
gtocttcgta tgcaggaata gattagggag aggacatcca aacttcaaag taacaaagtt 6280
ctatgatgat aacttgatag aagtcaagcc agtagctagg ctagaaggcg aggtggacct
8340 ctattacaag wagtaacag ctaagtaaga ctacaacaat gggaaagtac tgttagctac
6400 caacaagtgg gaggtggacc acgcttacct gaccagacta gtaaagaagc
acacagggatt 8460 aggttttaaa 



gatgcatatt tgggtgaccg accagaccat caagatcttg tcgatagaga E692.0
ttgtgcaact. ataaagaaga actcagtaca gttcctaaaa atqaalaagg gttgcgcttt 8960
cacatatgac etaacaatat ctaaccttgt caggcttatt gaactagtcc atuagaataa 8640
tttacaagaa agagagatac ctaccgtgac agtaactact tggcttgcat attcttttgt 8100
caatgaagac ctggggacta taaagcctgt attgggggag aaagtcatcc cagaaccacc
8760 cauggagttg agtctccaac ccacggtgag actagtcacc actgaaacag
,..aataacgat 8E320 aacaggggag gctgaagtga tgacgacagg gatcacactu
gtggtagaga tgaaagaaga 8850 acctcagctg gaccaccagt caactacac.t
aaaggtaggg ttgaaggaag gggaatatcc 8946 agggccagga gttaacccta
accatttagc agaggtgata gatgagaaag atgacaggcc 9000 ttttgtccta. atcatcggta
acaaaggtac tacctcgaac agagcaagaa cggccaagaa 9960 



tataaggctg tacaaaggaa acaacccaag agagatcagg gatctgatga gccaaggaag
9420 aatatigaccN gttgctataa aagagttgga gccggaaata aaagaattag
tagattacaa 91E6 ggggacattt ctcaataggg aagctttaga agccataagc
taaggtaagc caatcaagag 9246 gaaaatcaca acagcaatga tcaggaggtt
aatagagcca gaggttgagg aggaactacc 930$ agattggttc caagcggaag
aacccctatt tttggaagca azgatacaga atgaattata 9.360 ccacctaatt gggagtatag
atagtataaa aagcaaagca aaggaattag gggcaacaya 9120  taggacctat
acgatgaaat tqagaagctc 91S0 tctagcacct cctttgaaq aqctettat.t. 9540
gggacatatg g,  9600 ggtctatatg cjcaaccatac caqctaggcg 9E60 taaactcaaa
gagctggtgg aagttgaatc 0720 aagagaacat aacay  97901 atcaatgatc 



aaccctaaga aaatatcaga 9840 catatataat aagatcatag gttcaacaat 9900
gacagtagta cgagcccaaa ctgacaczac 9960 t.gat88a gaaaacnagc
agaccactga 10020 ctgattaaag ataggagagc tgaaggaatc 10:080 agccgggata
aaccgtuagg gtgcagaagg 101.40 cctagacaca gagaaacaca tagtagagca
10200 gattaggtac tatgaaacag atatccacza 10260 ggaagaagga gagttcgttg
atgaaaagaa inn ggtgagactg gccattacaa aagtgatgta 1080 acatggctat
gaaggtaaaa cacctatatt 10440 ggattcatac caggaccacg taggagtgag 10500
caccagtaga gacctaatgt tgataaagga 10160 acacgaattt ttagataaaa
taacaggaaa 10620    10660 taatagtatg ttgaatgtcc taacgatgat 10740
ttacagggga ttcagcagag tggcaugat 1S900 aacagagaga 



ggactgggac tgaaattctc 10960 cgggaaggcc cagaaaataa ctgaagggga 10920
catagagttt tgttoccata ctcccgtgac 109S0 catggcaggg aggagcacag
caactatact 11040 cggagagagg ggtagaacag cttatgagaa 11100 t cccgtagtta
gaaggatctg 1n.60 atccccatcc aaaaacacaa tatactacta 11220 agtgataggg
aaacagctgt gtqaactgaa 11280 gaatttgagt atgaccaata taggcatctg 11340
agcatgtgta gaaataggta agagagaagg 11400 tgcaggaaag actgggaagt
tatacattaac 114.60 atatgaggaa attaacttaa agtaaaaggg 11520 atataagttg
ggccccatag ttaatgttata 11590 agttgaaaga qqaagctggt qaatcagtac 11640
attgtaaata ttgtaaatag acagctaaga 11700 atagtaaata taggaattta acactacctc
117E0 ttaactcgac gtccacggtt gguctaggga .11920  



11S37   <210) 5 <211> 3913 <212> PRT <213> Waidtyp SVDY1 gIKE-A
Mat Glu Icc. Phi Set As; Sic Lela Leg Tyr Lys Thr Tyr Lys Glm 5 J. cal Gig
etc ValCly _Atag 30 Sha G.01nat Lys Lea Pro  HIS Gin Arq Sly Her Ala
Ass Ile Lou Thn Ass Ala Aug Her Lou Pro 505580 Arg Lys Sly Asp Cys
Arg Arg Gly Ass Val Tyr Sly Pro Val See Sly 68 70 75 30 lie Tyr Ile. Lye
Pro Gay Pro Ile Tyr Tyr Gin Asp Tyr Val Sly Pro 6595 Val Tyr His Are Ala
Pro Lou Glu Lou (lye Arg Gle Ala Per Met Cys 100105110 Sic The The
Arg An Val Sly Arg Val Thr Sly Per Asp Sly Lys Lou 115120125 Tyr His Ile
Tyr Ile Cys Ile Asp Sly Cys Ile leis Lou Lye Arg Ala 1301a5140 The An:g
Asn. Gin Pro Gln1 Lou Lys Tnp Val. Tyr As Ang OOU Ass 145180155160
Sys Pee Lou Tfp Val The See Cs Sex- Asp Sic Sly Set Lys Sly Ala
165170175 The See Lys Lys Gin Pro Lys Pro Asp Arg Iles Sic Lys Sic Lys
Men 180185140 Lys Ile Ala Pro Lys Gin Thr Glu Lys Aep (lye Lys The Arg
Pro Pro 195200208 Asp Ala The lie Val. Val Glu Sly "Val Lys Tyr Gin Val
Lye Lys Lye 210215220 (Sly Lyn Val A.ry Sly Lys. Ass The Sin Asp Gay
Lou Ter His Ass :Lys u-uo2n 301,352.42 Ass Lys Pro Pro Giu See Ant Lye
Lys Lou Giu Lye Ala. Lou Lou Ala 245250255 Tnp Ala Ile Lou Ala Ala Val
Lein Lou GIs Lou Val The Sly Gin Ass 260263278 114 TheTrp Ass Lou.
Met Asp Aen Sly The Glu. Sly Ile Gin Sin 275280285 Pia Met Pee Lou Arc
Sly Vcl Ann Ann, See Lou Tina Gly Ile Trp Pro 290295700 Gin Lye Ile Cys
The Sly Val Pro The Hes Lou Ala The Asp Tyr Glee 365310315320 Lou
Lys Gin Ile Val Sly Men Met Asp Ala See Gin Lye The Acre Ter
3255262214  Asn Tap Phe His lie G.Th Pro Tap Ile Tap Len Net Asn Lys
Thr Gin 355SHO865 Asn Lan Leo. hr Gin Gip Gin Pro Lau. Arg Glu Cys
Ala. Val Thr Cy5 37o 375 80 Arg Tyr Asp Lys Gin Thr Gin Len Aah Ile, Val
Thr Gin Ala Arg Asp 385290395400 Lag Pro Thr Thr ken Thr Giy Cys Lys
Lys Giy Lys Asti Phe set Pile 405410415 Ala 013 Val lie Leo Asp GIP Pro
Cyr Ann She Lys. Val Sea Val Gin 4204.30 Asp Pal Les, Phe Lys Gin His
Asp Cys Gly Asn Met Len Gin Gin Thr 435440445 Ala Ile Gin Leo Leo Asp
Gly Ala Thr Ann Thr lie Gin Gly Ala Lag 450455480 Val Giy Thr Ala Lys
Len Thr Thx Tap Len Gly Lys Gin Len. Gly Ile 465470475480 Leo Gip Lys
Lys Len Gin Ann Lys Sea Lys Ala Tap Phe Gip Ala His 495490495 Ala Ala
Her Pro Tyr Os Giy Val Gin Arg Lys Ile Gly Tyr val. Tap 500505510 Tyr
Thr Lys Ash Cyo Thr Pro Ala Cys Leo. Pro Arg Ash Thr Art; lie. 



515520525 Ile 01 it Pro Gip Lys Phe Asp, Thr Ash Ala G10 Asp Gip Lys
Ile Lon 530586540 His Gin Met Ctity GI. y His Len Sea Gin Phe Val Lon
Lau Ser Lou Val. 545550555560 Val Leo Sea Asp. Phe Ala Pro. Glu Thr
Ala Ser. Pal lie Tyr Len Val 665670575 Len Kis Phe Ala. Ile Pro Gin Sex-
His Pal Asp Pal Asp Thr Cys Asp 580685.590 Lys Ann 01 Len Ass Len
Thr Val Ala Thr 'Mr Val. Ala Glu. Val. Ile 595600606; Pm Gly Thr Pal Tap
Ass Lau Gly Lys Syr Val Can Tie AT,-; Pro Asp 610615626 Try Tap Pro
Tyr cdu Thr Thr The Vai. Ph.e Val TIG Gin Glu. Ala Gin 625630635645
Gin Pal Ile Lys Len Net Len Arg Ala lie Lag Asp Len Thr Arc Ile
685650655  6066.5 Len. Are Gly Gin Len lie Gin. Gin Leo Len Ten Len
Met. Len Ile Thu n75.68068:5 Gin Ala Gin Gin the Pro Gin Sips Lys GLn
Gly the Gin Tyr Ala Ile 690694700 Sex Lys Asp Art; Lys Met Gly Len Len
Gin Pro Gin See Len The Tna tn5710715723 Trp lils Len Pro The Lys Lys
Ile Val Asp sex Met val His VU]. 725730795 Trp Cys Gin Gay Lys Asp
Len. Lys. "le Len Lys Met eye The Lys Gin 749 745740 Gin Are Tye Len
Val Ala Val Hie Gin Sra Ala Len See Mr. See Ala 755760 Gin the Met Gin
Ile Sea Asp Gly The Ile Gly Pro Asp Val Ile Asp 770775789 Met. Pro Asp
Asp. the Gin the Gly Leal Cys Pro Cyth Asp Sex Lys. Pro 785793795800
tel Ile Lye Gly Lys the Ass Ala Sea Les Len Ass Giy Pro Ala the
805810815 Gin Men. Val. Cys Pro Gin Giy Trp The Sly Thr Ile Gin Cys
The Len 920,,A Ale Asn Gin Asp The Len Asp The Thr Val Ile Are The Tyr
Asg Arai 635840945 The Thr Pro the Gin Ara Ang Lys Tnp Cys The Tyr
Gin. Lys Ile Lie 950855800 Gay Gin Asp Ile Tyr Gin Cyz Ile Len Gly Gly
Ann Trp The Cys Ile 85870875880 The Giy Asp. His Son: Arg Len Lys
Asp Giy Pro Ile Lye Lys eya. Tyr 585otr8975 Trp Cys Giy Biz Asp the tel
Asn Sea Gin Gly Len. Pro His Tyr Pro 900905910 Tie Gly Lys eye Net
Len Ile Asa: (flu Sex' Gin Tyr Ann Tyr val Asp 915920925 Asp The Seth
ens Asp Ars; Gin Gly Val. Ala Ile tel Pro See Gay The eSt935 Val Lys (As
A.. ..o. Gin Ass val.. The Val. Can vai lie Ala The Asn 94595t954960  Gan
Gay Pro Val Gin Lys Thr. Ala Cys Thr Phe Ash Tyr Ser Arg Thr
980905990 Len Pro Aen Lys Tyr Tyr Gila Pro Arg Asp Arg Tyr ?he Gin
Gin Tyr 99510001085 Met Len Lys Gly Gin Trp Gin Tyr Trp Phe Asp Len
Asp Ser Val 1.01010151028 Asp His His Lys Asp Tyr Phe See Gin Phe lie
Ile Ile Ala Vel 102510861035 Val Ala Len Len Gin Gin Lys Is tel Lea Trp
Len Len Ile Tim 104010451850 Tyr Tier Tie Len Ser Gin Gin Met. Ala Met
Gay Ala Gly Val. Asn 105510601.065 hr Gen Gin Tie Val Met Ile Gay Ass
Leh Len Mr Asp Per Asp 107010751088 



Tie Gin Vital. Val Tyr Phe Len Lau Leu Tyr Len Ile Val Lys 108510901095
Gin Gin Len Ala. .Arg Lys Ire Ile Ile Lea Val Tyr. His Ile Len.
110011051118 Val Aia Asp Pro Met Lys Thr tie Oily Val Val Len Len Met
Len 111511201125 Gly GinVel Val Lys Ala SaxAre lie AssAsp Asp Gin
Seer 113011851140 Ala Met. Asp Pro Cys Phe Len Len Vel Thr Gly Val
tel Ala Val 1.1451150lqae iiee Len Met Ile Ala. Arg Arg Gin Pro Ala Thr
Len Pro Len Ile Val 1160:0651170 Ala Len Len Ala Tie Are Tier See Gay
Pie Len Len Pro Ala Sex 117511881185 Ile Asp tel The Val Ala Val tel
Lee Tie tel Len Len Len Ala 119011951.200 Sex Tyr Tie Tier Asp Tyr Plea
Asp Tyr Lys Lys Trp Len Gin Len 120522101215 Len ?he Ser Len Tie Ala
Gly Ile Phe Ile Ile Arg Sex Len Lys 1220122512..30 His Ile Ash Gin Met.
Gin Val Ire Gin lie Ser Met Pro Set Trp 123512401.245 Are Pro Len Ala
Leh Val. Len Plea Tyr Ile Tier aee. Tier Ala lie 125012551260  The Tha
Ass Tap Asp Ile Asp Lee Ala Giy Phe Lea Len Gin Trp 12651275 Ala Pro
Ala Vel Ile Met Net Ala The Met Tap Ala Asp iThe Len 1280128512Pg The
Len Ile Ile Val Len Prp Ser Tyr Gin Len Sea Lys Len Tyr 129513001305
Phe Len Lys Ass Val Aag The Asp Val Gip Lye Ass Trp Len, Sly
13101315132.0 Lys Val Lys Tyr Arg Gin Ile Per Sea Val Tvr Asp Ile Cys
Asp 132513301335 Per Gin Gin Ala Val Tyr tee: She Pre See Arg His Lys
See Gly 134013451350 Ser. Arg Pro Asp Ohs lie Let Pro Phe Let Lys
AlaLen Ile 125513601365 Sea Cys Ile Per See GIs Tap Gin Val Val Tyr Ile
Sea Tyr Len 137013751380 Ile Len Gin Ile The Tyr Tyr Met His Arg Lys
Ile Ile Asp Gin 1.38513901395 Val See Gly Gly lade Ass She Len sea Are
Len Ile Ala Ala Ile 1430140514M0 Lie G18 Len Ass Tp Ala. Ile Asp Asp
Gin Gin Pys Lys. P.ly Len. 141514201425 Lys Lys Len 'Tyr Len Lee Per
Gly Arl Ala Lys Ass Len Ile Vat 143014331.440 Lys His Lys Val Arq Ass
Gin Ale val His Arg Tap Phe Oily Gin 144514501455 Gin Gin Ile Tyr Ply
Ala Pro Lys va:L Tie Thr. Ile Ile Lys Ale 14601465 See The Len See Lye
Ass Arsi His. Cys Ile Ile Cys The Ile Cys 147514801485 Gin Gly Lys. Gin
Tap Ass Gly Ala. Ass Cys Pro Lys Cys Sly Arc 1e8014981500 Gin Gay
Lys Pre Ile The Cys Gly Met The Lein Ala Asp She Gin 1505inlo1515 Sin
Lye His Tyr Lye Lys. Ile Vile Ile Asp Pie GIs See Ser. Cys 152015251530
Prth Val Pro She Asp Pro Sea Cya His Cys Ass Tyr The Arc His
153515401545  155018851560 Ala. Arg Sly. Gin Lea She Lee. Arg Ass
LeN, Pro flu Lea Ala Thr 15655701575 aya Met Lys Lea Len. Met Val Sly
Pem Len Sly Ala Gin Lie Sly 158015851590 Asp Lea Gas HI a Lea Gay.
Tap Val Lea, Arg Gay Pre Ala Val Cys 



159516001605 Lys Lyn Ile Thr Asn.Glu Lys Cys Has Val Pen Ile Met Asp
16101E151620 Lys Lea The Ala. Phu Phe Sly Ile Net Pro Arg Gay. Thr
The PKO 162516201635 Are Ala Pro Val Ar:g The Pro. Ma. Ala Len Lea
Lys Val Arg Arg 164016451650 Gay Lea Gan Thy Gay Tap Ala. Tyr The
Has Gin Gay fly Ile See 1651516601665 Oar La! Pep His Val Thr Ala Sly
Lys Asp Lea Lea Val Lys Asp 167016751680 Set Net Gay Arg Thr Arg Val
Val Lye His Set Ass Ass Lys Met 168516901.695 Thr Asp Gan Thr Gau
Tyr Sly Ile Lys Thr Asp Sur Gay Lys Pro 170017051110 Sic Sly Ala Arg
Lys Tyr Val Len Ass Pro Giu Ala Val Ass Ile 171517201725 Ser. Sly Thr
Lys Sly Ala Met Val His Lea Gin Lyn Tht Gly Sly 1.73817351740 Glu ?he
Thr Lys Val Thr Ala Oar Sly Thr Pro Ala ?he The Asp 174517801.755 Len
Lys Ann Len Lys Sly Trp Set Gly Lea Pro Ile ale Glu Ala 116017651770
Set Her Sly Are Val Val Sly Arg La! Lyn. Val Sly Lys Ass Sic 17751790
Asp aler Lys Pro Thr Lys Len Net Set Sly Lie Gan Th8 Val Set
17901795188'0 Lys Asn Sin Ithr Asp Lea his Asp lit Val Lys Lys Len Thr
Sur 180519101915 Met:. Jr-Sly Gan Phe Lys Gin Ile Thr Len Ala Thr Sly
Ale 192018751830.  Arg Hiu Lys Arg Val Lou Val lieu.: lie Pro Lv.: Alp Ala
Ala Ada 105018551880 Gio Bar Val Tyr Gin. Tyr Met Axg Mal Lys. Tyr Pro
Ser Ile Per 1E6518701978 She Asn Lou Arg Ile Ply Asp Met Lys ale: Gly
Asp Net Ala Tar 160018851890 alp Ile The Tyr Ala Ser Tyr Ply Tyr She
eye Gan Lea Pro Gin 189519091905 Pro Lys Lou Arg Ala Ala Men Vol
Glo Tye Per Tyr Ile She Leo 191019151920 Asp, Gla Tyr Ris Cys Ala Thr
Pro Glu Gin Lea Ala Ile Ile Gly 192519301935 Lys Ile His Arg She Ala Gill
Aon Leo Alp Val Val Ala Met his 194019451950 ?Ma Thr Pro ?Lka Ply
The Val The The Tat: Gin Gin Lys HIS Pro 195519601955 Ile Glu Sao
She Ile Ala Pro Giu Val Met Lys Ply Glu Asp Leo 19709751950 Gly Sec
Glu Tyr Leo Asp Ile Ala Gay Les 'Lye Lie Pro 1.11r Gin 178519901995
Glo Met Lys Ply Asn Met Leo Ve:1 She Ala Pro Tin Asp Ass Met
200020052010 Ala Val Glia The Ala Lys Lys Leo Lys Alc: Lys Ply Tye
As9. Bar 201520202025 Ply Tyr Tyr Tyr See Ply Plo Asn Pro Ga:5 Ace
Len Arg Val Val 703020952040 The See Gin See Pro Tyr Pal Pal Vol Ale':
The Asn Ala Ile Gly 204520502055 Per Ply Pal The Lea Pro As Lea Asp
The Val Pal Asp The Ply 205020652073 Lou Lys Cys Giu Lys Arg Val Alp
Ile Ocr Sex. Lys Met. Pro She 207520902085 Ile Val The Giy Leo Lys Arg
Met. Ala Val The Ile Ply Giu Gin 209020952100 Ala Gin Ala Arg Glv Arg
Val Gly Arg Val Lye Pro Ply Ala Tyr 210521102.115  



Asp Leo Leo Gln Ala Gin Are Tyr Gin Ile Gis Aap Sly Ile Aan
2:0521482145 vol Thr Lys Ser. Phe Arg Gin Mat Aso Tyr Asp Trp Sex Les
Tyr Z"5021852168 Gin Gin Asp Sex: Les Net ila Thr Gin Les Gin Val Len
Asp Asn 216521782..V775 Leo Lou Ile Ser Gin Asp Len Pro. Ala Ala Vol
Lyo Pan Ile Met 216021852190 Ala Arg Thr Asp His Pro Gin Pro Ilo Gin
Lou Ala Tyr Ann Oar 219522002205 Tyr Gin Ann Gin Ile Pro Val Len ?he
Pro Lys Ile Lys Ann Sly 221022152220 Gin Vol Thr Asp Sez Tyr Gin Ann
Tyr Tthr Tyr Les Asn Ala Arg 2225223A22.15 Lys Lon Sly Gin Asp Vol Pro
Ala Tyr Val Tyr Ala Thr Gin Asp 224022452250 Gil) Asp Las Ala Vol Asp
Len Lou Gly Net Asp Trp Pro Asp Pro 225522602265 Gly Ass Gin Gin Val
Vol Gin Thr Sly Asg Ala Lea Lys Gin Vol 222022752260 Tb Gin Les Ser.
Thr Ala Gin Asn. Ala Len Lou lie Ala Lou Phe 228522902295 Sly Tyr Vol
Sly Tyr Gin Ms Len Ser. Lys Arg His Ile. Pro Met 230023052310 Ile Thr
Asp Ile Tyr Thr Les Gin Asp His Pro Les can Asp Ithr 23152320232.5 Thr
His Lou Gln Pbe Ale Pro Ass Ala Ile AKg Thr Asp Gly Lys 233823352340
Asp Sex Gin Leo. Lys GIs Les A'a Val Gly Asp Les Asp Lys Ty;:.
234523502355 Vol Asp Ale LemTyr Sex' Lys Gin fly Net Lys Phe Ito
286823652370 Lys Vol.Gin Ala Gin Lys Vol Are Asp Ser Gin Ser. Thr Lys
GIs 237523902385 Gly Le-: Gin ithr Ile Lys Gin Tyr Vol Asp Lys Phe Ile
Gin Sex: 229323952400 Len Thr Gin Ann Lys Gin TTA: Ilia Ile Arg Tyr Sly
Lou Trp Gly 24102415  242024252430 Gin 'Mr Ala She Ala Sir Len Val
'Val Lys Tap Les Ala She. sly 243521402445 Gin GIs Sir Val Sea Ala His
Ile Lys. Gin Val Ala Val Asp Len 2450.24552460 Val Val. Tyr Tyr Ile: Ile
Ass Lys Pro Sex- Pie Pro Gly Asp Thr 24ee24002405 Gin Mr GIs Gin Gie.
Gin Ars Arg Pie Val Ala. Ger Lou At?,R Ile 946024852490 Sex- Ala Len
Ala. Sir Syr Sir Tyr Lys Thr Tap Ash Tyr Arn ASO. 24952500250e Los
Gas Arg Va1 Val Gin Pro Ala. Leo Ala Tyr Lon Pro Tyr Ale 251025152520
Thr Sot Ala Loon Lvs Lou Pie Sit Pro Sir Rag Les Gin Sea Val
e5e52e300535 Vol Ile Len Sea Sea Sir Ile, Tyr Lys Sir Tyr Leu Se:: Ile
Rag 754025452550 :Lys Gly Lys Sex Asp Gay Len Len Sly Sir Gly Ile Sea
Ala Ala 255505602565 Mot Gin Ile Les Ass GIs Ass Pro Ile. Sea Val Sly
Ile Ser Val Yele2575eves sreo Met Len Gly Val Gin Ala Ile Ala. Ala His
Ass Ala Ile GIs Sea 258525902.595 Ser. GIs Gin Lye Aro- Sir Lee Lon
Met Lys Vol She Vol Lyo Ron. 20002615261e Pro Len Asp Gin Ala Ala Sir
Asp Glo. Leo Val Lys Gin Ass Pro 261526202625 Gip Lys Ile lie Met Ala
Lee Pie Gin. Ala Vol Gin Sir Ile Gly 263026252640 Ass Pro Lea Arg Len
Ile Tyr His Leo Tyr Gly Val Tyr Tyr Lys 



264526e0235 Gly Trp lily Ala. Lys Gle. 1.es Ala Gin. Lys Sir Ala Sly Arg
Ass. 266026652570 Lan Pre Thr Lon lie Met She' Gin Ala Pie GIs Len Los
Gay Mot 26902565 Asp Sar Gin Gly Lys 11e. Arg Ass Len. Sex Giy Ann
Tyr Ile 1Rn. 269026952700  Lys Lou Val Leo Ply Trp Ala. Pro Ala Pro Lou
Per Cys Asp Trp 822027252733 Thr Pro Ser Asp Glu Arg Ile Per Leo Pro
His Aso Asa Tyr lieu 213527402745 Arg Vol Clu Thr Arg Cys Pro Cys Ply
Tyr Gin Met Lys Ala Ile 275027552760 Lys Asn Vol Ala Gly Lys Lou Thr
Lys Val Gin Glu Lys Ply Per 216527702775 She Lou Cys Arg Asp Arq Lou
Ply Arg Ply Pro Pro Asp Phe Lys 2.70027852790 Vol Thr Lys Pho Tyr As
Asp Asn Lou Ile Giu Vol Lys Pro Vol 279528002805 App Len Giu lily Gin
vaa. Asp, Lea. Tyr Tyr Lys Ply Vol Thr 281028152820 Ala Lys Lea Asp
Tyr Asp Ass Ply Lys Val Leu Lea Ala Ohs 'Ass 282520302035 Lys Trp Gin
Val Asp His Ala. Pho Lea. Thr Arg Len Val Lys Lys 2840284521110 His
Thr Gly lie Ply Poe Lys Ply Ala Tyr Lou Ply Asp Arg Pro 285528602865
Asp His Gin Asp Les Val Asp App Asp Cys Ala Thr lie. Thr Lys
281028752990 Tisn Per Val Gin Phe Leo Lys Met Lys Lys Ply Cys Ala
Phe The 288528902895 Tyr Asp Les Thr l.Le Per Ash. Lea Val. Arg Lea
Ile G1H Lem Val 290029052910 His Lys Ass Ass Leo Gin Giu Arg Gim Ile
Pro Thr Vol Thr VHI 291528202925 Thr Thr Trp Leo Ala Tyr Per She Val
Asa Giu Asp Leo Ply Thr 29302925294G Ile Lys Pro Vol Leo Ply Giu Lys
Vol Ile Pro Glu Pro Pro .91u 294529582955 015 Lou Per Leo Gin Pro Thr
Val Arg Lou Val Thr Thr Giu Thr 296029652978 Ala. Ile Thr Ile Thr Ply Giu
Ala Glu Val Met Thr Thr fly lie 29732960288-5  Per Thr The Len Lys Val
Gly Len Lys Giu Sly Sin Tyr Pro Sly 3005solo3015 Pro Gly Val Aso Pro
Then Hie Les Ala Glo Veli. Ile Asp GiU. Lye 302030252030 Asp Asp Are
Pro. Pie Val. Len Ile Ile Sly Aso Lye Sly Per Thr 30353040,e 3er Poen Arg
Ala Arc' TOr AlA. Lys Asa Ile Arg Leu Tyr Lye Sly 305030553060 Ace Ace
Pro Aye Gin Ile Aye Asp Leo Met. See Gin Sly Aye lie 306530703075 Leo
Thr Val Ale Len Lys Gin Len Asp Pro Gin Len Lys Gin Len 308030853090
Val Asp Tyr Lye Sly Thr Phe Len Asn. Arc Gin Ala Len Gin Ala
0953200nos Len Per Leo Sly Lys Pro Ile Lys Are Lye. TthA Thr Tie Ala
Met 3I13A115 Ile Alp Aye Ley_ Ile Gln Pro Gin Val Gin Gin Gin Leo Pro
Asp sieA,32303135 ere.) Pro Pie Gin Ala Glh. Gin Pro Les Pho Len Gin
Ala Lys Ile Gin 314331453150 Aen Aop Leo Tyr His Len Tie Gly Ser. Val
Aop Ser lie Lys Set 315531603165 Lys Ala Lys Gin Leo Gay Ala Tie Asp
Are Thr Lys Ile Val Lys 31103175ile0 Cie Val. Gly Ala Aye Tie Tyr Thr
Mnr. Lys Leo Ser. See Trp See 318531903195 Thr Gin Val Thr Lys Lye
Gin Met Sef Len Ala Pro Len Phe Gin 



320032053210 Sin Leo Len Leo. Lys Cys Pro Pre Cps Per Lys Ile Per Lys
Sly 321532203225 Rio Met Val PnA Ala Tyr Gin tigu Ala Gin Gly Aan Trp
Glo Pro 32303235..S240 Len Sky Cps Sly Val Tyr Met: Gly Tie Ile Pro Ale
Arg Are Leh. 324532503255 Lys lie H2 Pro Tyr Gan Ala Tyr Len Lys ten
Lye Gan Lea Yni 32e5e32653270 Gin Val Gan Per Per Arg Ala Thr Ala
Lys. Gin. Per Ile Ile Aye 82803285  52.9022953300 Len Arg Thr Lys Ses
Met. Ile Arm Pro Giy Lys Ile See Asp Gin. 330533103335 Len Cys Are
Asp. Sly His Lys Arg Arm Tie Tyr Arm Lys Ile Ile 332023253330 Gly SHr
Trio Met Pia Per Ala Gin' Ile Arg Len Gin Lys Len Pro 333533403345 Val
Val As; Ala Sin Thr Asp The The Per ?be His Gin Ala. fie 335033553360
Arg Glu Lys inc. Asp Lys The Gin Asa. Lya Gin The Pro On Leal
336523103575 Nis Gin Gin Len Met Lys Val ?he Asp Cys Lau Lee Ile Art
Giu 325033853390  au Lye- Gin Gar Tyr Asp Giu Val See Try Gin Gin Len
Gin Ala 24003455  ly Ile Arm Aty Lys Gly Ala Ala Gly lye Len Gin Set Lys
Asn 541034153420 Tie Giy Gin Val Len Asp Thr Gin Lys Mn ne Val Gin
Gin Lea. 342554303.435 Ile Lys Asp Len Asp Lys Gly Lye Lys Ile Asp Tyr
Tye Gin The 2.440344534530 Ala Ile Pee Lye Asn GIL: Lys Atg Asp Val
See Asp Asp Tep Gin 3455346035155 Air Gly Gin inc Val Asp Gin Lys
Lys Pro Arg Val Ile Gin Tyr 2.47034751:Y4)30 Pro Asp Ala Lys 'Sri Reg
Len Ala Ile Thr Lys Val Met Tee Lys 548534903495 'rep Vol Lys Gin Lye
Pro Val Val Ile Pro Giy Tyr Gin Gly Lys 50055053510 The Pro Lea inc Asp
Ile Phe Arm Lys Val Lys Lys Gin Tep Asp 351535203325 Sex Phe Gin
Asp Pep! val Ala. Val See Phe Asp The Lys Aia 'Sop 3.53035353540 Asp
Tier Girl Val Ties Ser Are Asp Len Met Len Ile Lys Asp Ila 354535503555
Gin Lys Tyr Tye 0hH Lys Asp 55 Ile HiA Lye Hhe. Leta Asp Tb
3.560356505H10 Ile Tier Giu His Met Vol Gin Val Pro Val Ile. Thr Ala Asp
Gly 357555803)5e5  Gin ValAem GiyPro Asp t).5902595 Thr Set Ala Gly
!Lem Ser Met Len Ass Vahr 36053(10 Ala PieSet Arg 3620 Val Ala 3635
V Lem Lys POe Ser Gin LyeMet ale Ile 2655 His Gam AL GlyGin Lys Ile
366536703E75 met Lye val Ala. 3680 Thr Pro Vgl 3695 Aia. Giy 3710 Len
Asp 



3725 3700 Sly Gin Prg gee@  Val Ala Phe Seg. Phe Len LenPros'
37602745                          Pro Gin Ile Set 37603765 Pro Serrre TvrGly
Asp Pro Ile Ala 37702'1753780 Val lie Clv Lys Gin Lee Thm GlyLen
AlaLee Sea Met Th2 Thr 3800380539,10  Asp Arg Les Ile Ala al' 3845  hr
Gly Lys Pie  Lie Gin Ale '1"0 Set  Lys Gin Lys Ala Ala Gin Sts Pre Ile Gin
Ply Val Asp Arg Tyr 2.97538803885 Lys Lou Sly Pre Ile Vol Asn Val Ile
Lou Ant Arg Lou Atg Vol 389033953400 Met Lou Net Sir \lel Ala Set Ply
Ser Tnp 39053910 <210> 6 <211> 3749 <212> PRT 4213> Mrtificial
Ssquencet Mutated naUV: XIKE-AaNdN 4400> 6 Not Gin Lou Phe Ser.
Asp Giu Sly Son Lys Gay Ala Tin Se:: Lys Lys 5Gs15 Gin Pro Lys Pro Asp
Ant lie Giu Lys Sly Lys Met Lye Ile Ala Pro 202530 Lys Gin Thr Gin Lys
Asp Sys Lys Thr Arg Pro Pro Asp. Ala Thr Ile 354045 Vol Val. Gin Sly Val.
Lys Tyr Gin Vol Lys Lys Lys Sly Lys Val Asp 5560 Ply Lys Asm Tit GI>
Asp Ply Lou Tyr His As> Lys Asn Lys Pro Pro SO107580 Gin Ser Are Lys
Lys Lou Gin Lys Ala Lela Lou Ala Trp Ala Ile Lou 35SO95 Ala Ala ml Leg
Lou Gin Lou Vol. Thr Ply Gig Asn Ile Tin Gin Trp 10010:11'JO Asn Lou
Met Asp Asn Ply Thr Gin Sly Ile Gin Gin Ala Met She Lou 115120129 Arg
Ply Vol Ass. Asp Ser Lou. Nig Ply 11e Trp Pro Sin. Lys. Ile Cats
130135140 Tin Ply Val Pro Sir His Lou Ala Sir Asp Tyr Gig Len Lys Gin Ile
149150155160 Vol Gly Met Met Asp Ale Ger Gin Lys 4:11r Ann This Tic
Cys Cyr; Asp INS533179 Lou Gin Arg His Gin Trp Asn Lys His Ply Trp
Cys Ann Trp She His 140135190 lie Gin Pro Ttp ils Trp Lou Met Agn Lys
Thr Gin Ash Ann Len Tin 195200205  Can Tht Gin Len Ann Ile Val Thr Gin
Ada. Arg Asp Rag Pro Thr Thr 225239235240 Lem Thr Gly Cyr, Lys Lys
Gly Lys Asn Phe Sea Phe Ala Clay Val Ile 245250255 Len Asp Gay Pro
Cys Ash Pie Lys Vol Ser. Val Gin Asp Vol Len She 26772E2270 Lys Clu
His Asp (lye Gly Ann Met Len Gin Giu Thr Ala Ile Gin Lem 215220295 Leu
Asp Giy Ala. The lee The Ile Gin Gay Ala Arg Vol Gly The Ala.
2602:95309 Lys Len Thr Thr Tap Let Gly Lye Gin Len Gly Ile Len Sly Lys
Lys 622 7n2210MIS320 L.s. Gin Ian Lys Per Lys Ala. Thr) Phe Gly Ala His
Ala.. Ala Sea pro 



32533Q335 Tyr eye Gly Vol Gin Rag Lys Ile Gly Tyr Val Tap Tyr The Lya
Man 340345350 Cys Thr Pro Ala Cys Len Pro Rag Man The Ps; Ile
;.32.rL,z Gly Prcg 355360 Lys She Asp Thr Ann Ala Gin Asp Gly Lys Ile
Len:: Ris Gin Met Gly 370egO380 Gay Pas Len Sex Gin Pie Vol Len Len
Sex Len Vol Val Len See Asp 385390292400 Pie Ala Pro Gin The Ala Per
Vol Ile Tyr Len Vol Len His Pie Ala 405410415 lie Pro Gin Sea His Val
Asp Val Asp Thr Cys Asp ITs Ran Gin Leta 426425439 Asti Len Thr Vol
Ala Thr Thr Val Ala Gin Vol Ile Pre Gly Thr Val 43344.0445 Tap Ron Len
Cly Lys Tyr Vol Ova Ile As; Pro Asp Tsp Tap Pro Tyr 450455460 Gat: Thz:
Thr Thr Vol Pie Val Ile Gin Gin Ala Gly Gin Vol Ile Lys 465470415480 Lem
Met Len Arg Ala Ile Rag Asp Len Thr Rag Ile Tap Ash Ala Ala 485490495
The ThL Thr Ala She Len Ile Pie Len Vol Lys Ala Len Arg Sly Gin
506505510  Phe Pee Gle Sys Lye Gle Sly Phe Gin Tyr Ala :le See Lys
Asp Arg 530535540 Lys Met Gly. Lee Lee ray Pro flu Set Lee Ths Thn
The Trp Has Lee 545550558560 Pre. The Lye Lys lie Val Asp See Met Vii
His Val Thp. Cys Slia Sly 585570575 Lys Asp Leh. Lys Ile Les Lys Met.
Cys Thr Lv Ole Sic Asp Tyr Lee 580585590 Val Ala Val His Gle Are Ala
Lee Ser Thh Ser. Ala Glh line Net Gin 595600685 Ile Ser Asp Sly Thr Tie
Sly Pro Asp Val lie Asp Met Pro Asp Asp 610615623 Phe. Gle Phe Sly
Lee Cys. Pro Cy5 Asp Set Lys Pro Val Ile Lys. Sly 025610635640 Lys ?he
Ass Ala Set Lee Lee Asp (Sly Pro Ale Phe Gin Met Val Cys 645650655
Pro Gin Sly Trp Thr Sly Thr Ile Sic Cys The Lee Ala Ass Gin Asp
660665670 Thr Leh. Asp Thr The Val. lie Arg The Tyr Alp Arg Thr Tier Pro
Phe 675660665 Gin Arc Are Lys Trp Cys Thr Tyr Giu Lys lie lie Sly Girt
Asp Tie 690695700 Tyr Gln Cys Ile Les Gly Sly Ass Trp Thr Cys Ile Thr
Sly Asp His 705.110729 sec Arc Las Lye Asp sly Pro Ilea Lys Lye Sys Lys
Ten Gys Sly His 125936735 Asp Phe Val. Ale Ser. Gill Sly Lev Pro His
Tyr: Pro Ile. Sly Lys 740145750 MeL Lee Tie Ace Sic Sce. Sly Tyr Are Tyr
Val Asp Asp Ths Ser. Cys 760765 Asp Arc Sly Sly. Val Ala Ile Val Pro Set
Sly hr VM1 Lys C.sis Arg 770775180 lie Gly Asn Val Thr Val Gan Val Ile
Ala. Mr Ash Ace Asp Leh Sly 785793195800 Pro Met. Pro Sys See Pro
Ala Gau Val Ile Ala Ser GIs :Ay Pro Val 805810815 Gle Lys The Ala Cys
The Pee Asp Tye Her Arg The Lee Pro Ace; Lys 8208'30  8065640845
Gin. It Gin Tyr. Trp Phe Asp Len App Set- Vol Asp His His Lys Asp
650855966 Tyr. Phe Set Gin Phe Ile Lle: Ile Ala Vol. Val Ala. Len Leu. Gly
Gly 869870675880 Lye Tye Veil. Leo Ten Leo Leo Ile T.6.46 Tyr The ILe
Leo Seer Gin Gin 



925090999. Met Ala Met Gly Ala Gly Vol Ass The Gin Gin Ile Vial Net Ile
6,60 90090551S Ass l Leo Leo Mt: Asp Cot Asp Ile Liu Val Vol. Vol Tyr
Pho Leo Leo 915520925 Len Tyr Leo Ilo Vol Lys Gin Sic Let. Tao Arg Lys
Tr1.4 Ile Tie Len 930PCS940 Val Tyr His Ile Len Vol Ala. Acre Pro Met
Lys The Ile Gly Vol Val. 945950P"SS960 Leo Len Net Leo Sly Sly Vol Vol
Lys Ale See keg Ile: Aso Ala As 985670975 Asp Gin Set Ala. Met Asp Pto
Cs Phe Leo Leo Vol Thr Gly Vol Veil 980965690 Ale Vol Leo Met Ile Ala
Leg Arg Gin Pro Ala The Leo Pro Leo Tie 9951000 Val Ala Leo Leo Ate Ile
Arcs The Ser. Sly Phe Leo Leo Pro Ala 101010151020 Set Ile As Vol The
Vol Ale Val Vol Les Ile Vol Len Leo Leo 02.51039;1035 Ale Set' Tyr Ile
The Asp Tyr Phe Arg Tyr Lys Lys Ten Leo Gin 104010451050 Len Len
She Set Leo Ile Ala Gly Ile She Ile Ile Arcs Set Leo 105510601065 Lye
His Ile Ass Gin Met Gin Vol Pen Gin Lie See Net Pro Ser. 101010751060
Trp Are Pto Les A4a Leo Vol Len Phe Tx :This Seethe Ala 102510904095
Ile Thr The .P.44 lisp Asp Ile Asp Leo Ala Sly Phe Leo Leo Gin
110611051110 Trp Ala Pro Ala Vol Tie j6ec Met Ala The Met Trp Ala Asp
Phe 111511v20112.5 Len Thr Leo Ile Ile Vol Len Pro Sex Tyt: Gin Leo
Set. Lys Leo 113O11581140  Tyr Phe Len Lys Ac Val Arg Thr Asp Val
Glgi Lys Ash Tap Leg 114511501155 Gay Lys Val Lye Tyr Pig Gin Ile Per
See Val Tyr Asp Ile Lye 116011651170 Asp Sea Gin Gin Ala Val Tyr Len
Phe Pro Set- Are His Lys Sea 1.17511801185 Gin Ser Arg Pro Asp She.
Ile Leg Pro Phe Len Lys Ala Val Leg 119011951200 Ile See cys Ile See
See Gin Ten Gin. Val. Val Tyr Ile See Tyr 1.205.12101215 Len Ile Leu Gin
Ile The Tyr Tyr Met His Arg Lys Ile Ile Asp 12201.2221.230 Gin Val her
Gly Lfly Ale Asp She Leg Ser. Are Leh Ile Ala Ala 123512401245 Ile Ile
Gin Len Ash. Trp Ala Tie Asp Asp Gin Giu Cyh Lye Gly 125012551260
Len Lys Lys Len Tyr. Leh Len Her Gly Arg Ala Lys Pen Len Ile
1.26512701215 Vel Lys His Lys Val Are Asn Can Ala Vel ilie Are Trp She
Gly 128012651290 Gin Gip Gin Ile Tyr Gay- Ala. Pro Lys Val. Ile. The Ile
Lie Lys 129513001875 Ala See Thr Leg Ser. Lys Pen Arg His CYs Ile Ile
Lye The Ile 131013151320 Lye Gin :Sly Lys Gin Trp Ash Gin Ala Asn Cys
Pro Lys One Gly 13251G301335 Are Gin Cly Lys Pro Ile The Lye Gly Met
Thr Leg Ala Asp She 1340isuhe1850 Gin Gin Lye Ere Tyr Lys Lye lie Pee
Ire Arg Gin Gin Set: See 135513601365 One Pro Val Pro She A4K+ PCys
His Lye Pen Tyr She Arg 1.2701375I380 Has Asp Sly Pro She Arg Lys
Gin Tyr Lys Gin Tyr Val Gin Tyr 138513901395 Thr Ala Avg Gly Gin Lea
She Len Pig Pen Len Pro Ile Len Ala 140014051410  



(9.Ev Asp Len Gin His Len Gin Tip Val Len Asp Giy Pro Ala Val
143014551440 in Lys Lys Ile The Asp His Glm Lys Cys His Val Pen Ile
Net 144514501455 Asp Lys Len The Ala the the Sly Ile Net Peg Peg Gly
The The 1460144.5 Pro Are Ads Pro Val Ass She Pro The Ala Len Lee
Lys Val Aso 147514901e.45 Arg Giy Lee Gin The Sly TTp Ala Tyr The His
Gin Sly Gly Ile 149014951509 See Set Val Asp His Val The Ala Gly Lys
Asp Lee Leo Val Cys 150515101505 Asp See Net Gly Peg The Arg Val
Val Cys His See Asn Asp Lys .1.32015251534 Met The Asp Gin The Gin
Tyr Oly lie Lys The Asp See Gly Cys 133515401545 Pro Gin Sly Ala Asp
Cys Tyt VUI Len Asp Peg Gin Ala Val Aar, 135015551560 Ile Set Gin The
Lys Gly Ala Met Val His Len. Gin Is The Gly 154515701575 Gly Gin LPne
The Cys val The Ala Set Gly The Pre Aia She the 1.580ams1594 Asp Lee
Lys Asp Len Lys Gin Trp Ser. Sly Len Pro Ile The Gin 159516001605 Ala.
See Ser Gly Arg val Val Giy Asp Val Lys Vg). Giy Lys ASP 161016151624
Giu Asp See lefv-r Pro The Lys Ipo Met Set Sly lie Gin The Val
161514301635 See Lys Asp Gin. Thr Asp Leo Ala Asp Ile Val Lys Lys
Lem The 164016451650 Sat Met ASP Arg Gly Gin Phe Lys Gin Ile The
Lan Ala The Gly 165516601665 Ala Sly Lys The The Gdu Ten Pro Atg
Sex- Val Ile Gin Gin Ile 167016t51480 Gin Are His Lys Arg. Val Lau Val
Lan Ile Pro Lau Arg Ala Ala 164516401695 Ala Gin ter Val Tyr Gin Tyr
Mat Asp Val Lys Tyr Pre Sat Ile 170017051710  i25 1See Tvr Sly Tyr She
Cys Gln Lau Pro 17351740 Ala Met Val GlnC,Ile She 175n
Cy8 Ala TheSeo Gla Glla Les Ala Ile 1761765 Gly Lye I71?5 Thr Ala Thr
Pro AlaThe The: G18 1790 Pro Ile Gil.: Gin Phe Tie Sic Pro GIs Val Met
Len Sly See Gin TytI Len A 1820 Gin Gin Net Ly8 GI 183 Met Ala Val Gin
The 1955 See Sly  Ala Gly Lel, Lys 130 Len Val Phe Ala Pro The Arg Asn
1845 1 L. Ala Lys 11%60 in Pro Gin Acre Len Arg  Pro Tyr Val Val Val Al
1895 GIs Set.The Len leGAto Len AcAsp The 1.995190S Sly Len Lys Cys
Gin Lye 1920 



Phe Ile Val The C'a Val Toe 1935 Gin AlaSly Arc, Vii Lys Pro Gly 1950 Ars
See Gin Gin The Ptla ScHis Gin Are Gin 1975 Las 1985IS90 Gin Gin Asp
SeeMet Ile The Gin Lea Gin Val Les Asn 20052010  Ace Leh Leo Ile Ser.
Gin Asp Len Pro Ala Ale Val Lys Pen lie 201520202925 Met Ala Leg The
Asp His Pro Gin Pee Ile Gin Len Ala Toe Ash 206020352040 Lee Tyr Gin
Ace Gin Ile Pro Val Lee. Phe Pen Lye Ilh Lys Ace 204520502055 Gly Glm
Val Thr App Ser Tyr Gau Asg Tyr Tbr Tye Len Asn Ala 205020652070 Arg
Lys Len Gly Gin Asp ;ma Pro Ala Tyr. Val Tyr Ale The Giu. 207520502085
Asp Gin Asp Len Ala Val Asp Len Len Gly Met A8D Trp Pro Asn
209020952:1.00 Pro G1y Ash Gin Gin Vol Vol fl'u The Gly Arg Ale Lea Lys
Gin 210521102115 Val The Ply Len See The Ala Gig Ann Ala Lee Len Tle
Ala Len 212021252130 Pbe Gly Tyr Val Gly Tyr Gin The Lee. See Lys Alp
nizi.; Ile Pre 213521402145 Met. Ile The Asp Ile Tyr The Lee Glu Asp His
Are Len Gin Asp 215021552160 The The His Len Gin Phe Ala. Pro Ash
Ala Ile. Are The Asp Gly 216521702175 Lye Asp See Gin Len Lye ale Len
Ala Val Ply Asp Len Asp Lys 25156.021852190 Tyr Vol Asp Ala. Lee Val
Asp Tyg Ser Lys. Gin Gly Met Lys Pile 219522002205 Ile Lys Val Gin Ala
Gin Lys Val Icy Asp See Gin See The Los 22102220 Gin Gly Len Gin The
Ile Lys all; Tyr Val Asp Lye Phe Tie Gin 222522302235 See Len The Gin
Asp. Lys Gin Gin Ile. Ile Arg Tyr Gly Len Ten 2240224.544. Gly Val His
Thr Ala Len Tyr Lys Ser. Leg Ala Ala Leg Len Gay 225522602265 His Gin
The Alp. Pile Ala The Len Val Val Lys Tee Len Ale Phe 22102275  Lou
Val Val Tyr Tyr Ile lIe Asa Lys Pro Set She Pro Sly Asp 231023052310
Thy Gin The Gln Gin Gin Sly Asy Lag. She Vol Ala Ses Lou She
231523,02325 Ile Sea Ala Les Ala Thy Tyr Thr Tyr Lys Thr Trp Ass TyT
Ass 233073352240 Ass Len Gin Lag Val Val GIs Pro Ala Lea Ala Tyr Lea
Pro Tyr. 23452.3502355 Ala. The Set Ala. Lea Lys Lou Poe Thr Pro Thr
Arg Len Gin Set 236023652376 Val Val Ile Lea Set Set Thy Ile Tyr Lys. Mr
Tyr Len Set Ile 237523802385 Lag Lys Sly Lys Sea Asp Sly Les Lou Sly
Thr Sly Ile Sea Ala 239023353406 Ala Met Giu Ile Lou Ass Gin Ass Pro Ila
Set- Vol Sly lie Set 240524162415 Val Met Leu Gil,' Val Gly. Ala. Ile Ala
Ala His Ass Ala Ile Gin 24202130 Sea Sot GIs Gin Lys Arg Thr Len Les
Met Lys Vol She Val. Lys 2435244024.4.5 



Ass She Len Asp Gin Ala Ala Ths Asp Giu Lou Val Lys Gin Aso.
245024552460 Pro Gin Lys Lie Ile Net Ala Len She Gin Ala. Val.Gin Thy ll
21652470342'lie. Sly Ass Pro Len Asg Len. Tao Tyr His Lou Tyr Sly. Val
Tyr Tyr 246024852490 Lys Gly. Trp Giu Ala Lys. Giu Len Ala Gin Lys Thr
Aia Gly Ar,g 249525002505 Ass Lon She Tian Lou lie Met She GIs. Ala
She Gin Lou Lou Sly 251025152520 Met Asp Sea- Giu Gly lyg nu. Arg
Aph Len Ser. Sly As Tyr Ile 25252530C"'S Ieu Asp Les Ile Phe Ass Les
Ris Ass Lys Lau ASD Lys Gly Ieu 254025452550 Lys Lys Lou Vol Los.
Clly Tap Ala Pro Ala Pro Lou ses Cys Asp 255525607565 Tap Thy Pro
Set Asp GIs Ara lie Sea Les Pro His Asm Ass Tyr s25752580
25852:0962695 Ile Lye Ass Val Ala. (fly Lys Lou The Lyn Val GIs Gln Lys
Sly 260026052610 Se.a. Phe Lieu Cps Arp Ass Pro Lou. Sly Arc Ply Pro
Pro Ass Phe 261526202625 Lys Vol The Lys Phu Tyr hap Asp Ass. Lea.
Ile GIs Val. Lys Pro 269026352640 Val Ala Arq Leu Gin. ally Gin Val Asp
Len Tyr Tyr Lys Sly Val 2645e6602655 The Ala Lys Les Asp Tyr has Pen
Oily Lys VAI Lou Lea. Ala TAr 266026612690 Pen Lys Txp Gin Val Ass
His Ala. She Len Me Arg Lan 267526802685 Lys His Thr Gly Ile Gly Phe
Lys Gly Ala Tyr Les Gly Asp Arg 269026952900 Pro Asp His Gin Asp Lea.
Val Asp Peg Asp Cys Ala The Ile The 270527102715 Lys Asn Ser Val GIs
Phe Lou Lys Met Lys Lys Sly Cys Ala She 272027252730 The Tyr Asp
Lou The lae Set Ass lee Vai Ac; Lea. lie Glu Lou ayat27404 Val His Lys
Ass Ass Leal Gin Giu Arg Gas Ice Pro The as Thr J97552760 Vol The The
9.'ltp Lou Ala Tyr See PIe Val. Ass Gin Asp Lou Gly 096329702776 The
Ile Lys Pro Va.! Leu Sly Gin Lys Val Ile Fro Gin Pro Pro 278027952790
Gin (flu Lou See Len Gin PTO The Vol Arg Lea. Vol The The Giu
273526002605 The Ala Ile The Ile The Sly Gin Ala Gin Vol Net The Tthr
Gly 261029152920 Ile The Prs Val val Gla Met Lys GIs. Giu Sso Gla Len
Asp Sln 1.82520302635 Gan See The The Ley. Lyn Val Gay Leu Lys Giu
Gly Gis Tyr 'Pr::: 264029452.850 Gly Pro Si.y Val :P.5.31 Pro Asa His
Lea. Al.a flu Val Ile Asp Gla 285528602865  Thh Set Asa Arg Ala Arg Tthr
Ala Lys Ass Ile Arg Len Tyr Lys 299528902995 Cay Ass Ass Pro Arg Gin
Ile Arg Asp Lon Met Set Gin Giv Arg 29002905 Ile Leh Tier Vol Ala Len
Lys Gin Lon Asp Pro G18 Leo Lys Gin 29152925 Lon Vol Asp Tyr Lys Gly
Tier Phe Lou Ass Arg Gin Ada Len G18 293029352940 Ala. Lon Sec Leh
ray Lys Pro Ile Lys Ax; Lys Thr Thr Thr Ala 294529502955 Met Ile Arg
Ares Les Tie Gin Pro Gin Val Gin Gin Gln. Len L'Irt 29629692970 Asp Thp
Phe h;an ?la Gin (au Pro Les. PLO. Lou Gin Ala Lys Ile 297529802985
Gin Ash Asp Len Tyr. Rio Lee Ile Ole Set vol ReD her Tie Lyo 



299029953000 Sex Lys Ada Lys Gin Len Gly Air Thr Asp Asn Thr Lys Ile
Vol 900530103015 Gin Vol Gly Ala Are; Thr Tyr Tier Met Lys Lou her Sex'
'Pm 30253030 Soh Tier Glp Val Tier Lys Lys Gin Met Ser Lon Ala Pro Lon
Phe 909930403045 G:ju Gin Len Leh, Len Lys eys Fro Phc. C'N'e her Lye
91e. Soh Lys 305030553060 Gly Efts Met Vol Per Ala Tyr Gin Len Ala Gin
Giy Ash: Trp Gin 306980703075 Pro Leh Gly Cys Ply Vol Tyr Met Giv Tier
Tie Pro Ala Arg Arg 3084090953090 Len Lye Ile His Pro Tyr Gin Par Tyr
Lon ruys Leh, Lye Giu Toho 909931000105 Vol Gin Vol Gin Sex Set Arg
Ala Tier Al:: Lys Gin Sec Ile Ile 91103115912x0 Arg Gin His Ass Thr Trp
Ile Len Ant Lys Val Ant His Gin Ply 312531903135 Ann Len Ara Tier Lys
Ser Met lie Ass Pro Ply Lys Ile Sor Asp 314091459250  Ile Gly See TAs
Met Ala Set Ala GIN Ile Arg Leas Gin Lys Len 31703175SHUO Pro Val
Val Arg Al& Gin The Asp. The. Thr Sae Phe His Gin Ala 310821903195
lice Arg Gin Lye Ile Asp LV5 The Gin Ash Lys Gin Thy Pro GAci
320032053210 Lei: His GIG SIG Lau Met Lys Val Phu Asp One Len Lye
Ile Pro 321532203225 Gin Len Lys GIG See Tyr Asp GIG Val See Tep
GIs Sim Lou Gin 323032351240 Ala Gin Ile Asn Avg Lys Sly Ala Ala Gly
The Len Gin See Lys 324532503255 Ass Ile Cly Gin Val Len Asp The Gin
Lys His lie Val Gin Gin 326032653270 Len Ile Lys Asp Len Leg Lys Gin
Lys Lys. lie Leg Tyr Tvr Sin 3212:MD3285 The Ala Ile Pro Lys Assn Gin
Lys Arg Asp VS1 See Asp Asp Trp 329032953300 Gin Ala Sly Gin Phe
Val Asp Gin Lys Lys Pro :Arc:: Val Ile Gin 310533103215 Tyr Pis Asp rail.
Lys Val Arg Lau Ala. ;le The Lys Val. mat Tyr 322033233330 Lys Trp Val
Lys Gin Lys Pro Val Val Ile Pro Sly lye Gin Cly 333533403345 Lys The
Pro Len. She Asp Tie Phe Aso. Lys Val Lys Lys SIG Trp 135033553360
Asp Ser Phe Gin Aso Pro Vai Ala Val Ses Phs Asp Tier Lys Ala
3365337033/ rp As'1Thr Sin Val Thy Sex Are Asp Leh Met Les Tle Lys
Asp 1380 lie Gln tys Tyr Tyr Phe Lys Aro See lie His Lys Piece Leh Asp
339534003405 Thh Ile The GIG Pis Net Val Gin Val Pro Val tie Thr Ala
Asp 341034153420 Gin GIG Val Tyr lie Arg Asn Sly Gin Are Gip See Gly
Glh Pro 342514303435 Asp The See Ala Gin Ass See Net ten Ass Val
Les The Met Ile 4440344.63480  act533463466 Arn- val Ala Arg ilo His
Val eye Gly Asp Asp Gly Phe Lou lie 34703475348e Thr Glu ArgLen (417
Lou Lys }le iler Gin Lys Gip. Met Gin 7435349G3495 Ile Lou His Gin Ala
Gly. Lys Pro Gin. Lys Ile Thr Gin Gly Asp 360035053510 Lys Met Lys Val
Ala Tyr sire Phe Gin Asp Ile Gin Phe Cys Per 351535203525 



Nis Thr Prn val Pro Val Arg Grp Ala Asp Ass Thr Se. r Ser Tye
353035352540 Met Ala Cal. Are See Thr Ala Thr Ile Lou Ala Lys Met Ala
Thr 3545'3550 Ax g Lea Asp See See Sly Giu Arg Gly Sex- Thr Ala Tyr
Gin Lys 356035653570 Ala Val Ala Pie Ser Phe Len Len Het Tyr Ser Trp
Ass Pro Val 357535803585 Val Arg Arg Ile Cue Lou Lou Val Leu Ser Gin
Phe Pro Gin Ile 3590359.53600 Sex Pre Sex Lvs Asn Thr Ile: Tyr Tyr Tyr
Gin Gly Asp Pro lie 36053610361.5 Ale Ala Tyr Arg Gin Val Ile Sly Lys Gin
Len Cys Giu Let Lys e62036253630 Arg Thr Gly Pie : Gin Lys Lou Ala Sly
Let Ass Lou Ser Met 194r 3.63536.403645 Thr Leu Gay Ile Trp Thr Lye
His Thr Ser Lys Are Leu Ile Gin 365eU6553660 Ala Cys Val Gin ilia Gly
Lys Arg can Sly The TIP Lou Val Ann 3.66536103675 Ala Amp Are Lou Ile
Ala Gly Lys Thr Gly Lys Phe Tyr Ile Pro 368036953.690 See Thr Gly Val
Thr Len Len Gly Lys Hi8 Tyr Gin Gin Ile AZTI. 8.69537003705 Lon Lys
Gin Lys Ala Alt Gin Pro Pro Ile Gin Gay Val Asp Are 311e37153720 Tyr.
Lyt Len Gly Pro Ile. vol Aan Val Ile ion Arg Arg Len Arg 372537304735 Val
Met Lou Met Thi Val his Sex- Gly Ser 37403745   210 7  411> 3912 <212>
C213> Artificial Sequence: Mutated BVDV: XIKE-13 <400> 7 Met. Gin Len
Pi e San Man Gin Len Lee Tyr Lys Thr Tyr Lys Gin Lye 51015 Pco Ala Gly
Ye]. Val 4flA:t Pro Val Tyr Asp. Val Ass Giy Asn Pro Len CO7530 tine Gly
Gin Ser. Set Asp inn His Pro Gin sent The Len Lys Len Pee 354045 His
Can Arg Giy See Ala. Ass Ile Les Tic Asmala Arc Sec Les Pro 505560 Arg
Lys Gly Asp Cys Pxg Aeg Gly Asn Val Tyr Gly Pr.:: Val Ser Gin 657580 Ile
Tyr Ile Lys Pro Gly Pro Ile Tyr Tyr Gin Asp Tyr Val Gip Pro 85SO95 Val
Tyr His Arg Ala Pro Len Gin Len. Cy8 Are Gin. Ala. Set Met Cy8
100105110 Gin The Tin Arg Arg Val Gin Are Val Thx Gly Scar Asp Gly
Lye Len 115120 Tyr His Tie Tyr Ile One Ile Asp Gin Sys Ile Les Len Lys
Are Ala 130135140 Thx Arg Ass sin Pro Giu Val Len Lyn Trp Val Tyr Ass
Atg Lau Ass 145150155 160 Cys Pro Les Trp Val The Seer Cys Set Asp
Gin Gly Ser Lys Giv Ala 165170 Thx Her Lys. Lys Gin Pro Lys Pro Asp
Arg Ile Gin Lys Glen Lys. Met 124185190 Lys Ile Ala Pro Lys Gin Thr Gin
Lys Asp Cys Lys Thr Arg Pro Pro 195200205. Asp Ala Tthr lie Val Pal Gin
cay Val Lys Tyr Gin Val Lys Lys Lys 21021522,1 Giy Lys Val. Are Gly Lye
Ass Tin Gin Asp Gly Leta Tyr His Ass Lys 225230235240 Ann lye Pre Pro
G14 Sce keg Lyc Lys Lem Gal:, Lys Ala. Len Len Ala. 245250255  Ile The
Gin Trp Ace Lou Mei. Ace Ace Gly The Gin Gly Ilo Gin Gin. 275880285
Ala. Met Phe Len Arg Giy Vol Ace Are See Leo His Gly Ile Tep Pro 



290285300 Gin. Lys Ile Oys The Gly Vol Pro The Hi5 Len Ala The Asp Tyr
Gin 885310315320 Lou Lys Gin lie Vol Ply Met Met. Asp Ala See Glel Lys
The Ace Tyr 325330335 Thr. Cys Cys Arg Len G4h: Arg His Gin Tip Ash
Lys Gay Tee Gys Ace 345350 Try: Phe His Ile Gin Pro Tee Ile Trp Lou
Met Ace Lys The Gin Ass 35536036.1 Ace Lou The Pin. Giy Gin Pro Lon
Axg Gin C's Ala Vol The Gys Pag 370375'.u843 Inc Asp Lys Olin Thr Gin
Lou Ace ills Vol Tier Gin Ala Arp. Asp. Aug 388.390855400 Pro The The
Leo The Gin Cye Lys Lys Ply Lys Ace Pee See Phe Ala. 4054.10415 Gin
Val Ile Lou Asp Gin Pro Cys Ace She Lys Val See Val Gla Asp 420425430
Val Lou Phe Lys Giu His Asp Cye Gin Ace Mot Len Gin Gin Thr Ala
435440445 Ile Gin Len Lou Asp Gly Ala The Aeon The Ile Gin Gly Ala leg
nub 450455450 Gly The Ala Lye Lou The The Tee Len Gly Lys Gin Lou
Gin Ile Lou 44:5470475480 Giy Lys Lys Lou Gin Ace Lys See Lys. Ala Trp
The Gin Ala His Ala 46549.0495 Ala Set: Pro Tyr Cye Gly Val Gin Aug Lys
Ile Gip. Tyr Val Tep Tyr 500808510 The Lys Ace One The Pro Ala Cys
Len Pro. Arg Aim The Are Ile Ile 8485520525 Ply Pro Ply Lye She Asp
The Aar: Ala Gin Asp Gin Lys Ile Len His 58053554.0 Gin Met Gly Gay
His Lou Sou Gin She Val Len Lem Sou Lou Val Vol 5455805555i8.6 Leu
Ser Asp She Ale Pro Gin The Ala See- Vol Ile Tyr Leo Val Len 565570575
His Phe Ale Ile. Pro Gin Ser His Vol Asp Vol Asp Thr Cys Asp Lys
580585690 Asn. Gln Lep Asn Loa Thr Val. Ala Thr TPr Val Ala Glu Val Iie
Prp 595600605 Sly Thr Vol Trp Aso Leo Sly Lys Tyr Vol Cys lie Arp Pre
Asp Trp fP0615620 Trm Pro Tyr GIL: Thr Thr hr Vol Phe Val Ile sau Glu
Ala Sly Gin 525e30655640 Vol Ile Lys. Len. Met Leo Arg Ala Ile Arg Asp
Leo Thr Arg lie Trp 645CSS855 Asm Ada Ala Thr Thr Thr Ala Phe Leo Ile
Phe Leo Val Lys Ala Leo 5606'625678 Arg any Gin. Len Ile Gin Sly Leh
Leo. Trp u Met Len Ile Thr Sly 685580685 Ala Gin Sly Phe Pro Giu Cys
Lys Giu Sly Phe Gin Tyr Ate Ile Sec 69069570e Lys Rap Arg Lys Met Sly
Leo Leo Sly Pro Glu Ser Len Thr Thr Thr 7057107:5726 Trp His Leo Pro
Thr Lys Lys Ile. Vol Asp Per Net Vol His Vol Top 72573071e Cya Gin Giy
Lys ?ep Lau Lys Ile Lou Lys Net Cyp TA' Lys Gin GIU 748745850 Asp Tyr
Leo Vol Ala Vol. His Glu Arg Ala Leg Ser Thr Ser Ale Sit 78.5760 PliP Net
Can Ile Ser Asp Gly Thr Ile Sly Pro App Vol Ile Asp Met 220785The Pro.
Asp Aap Pha. Glu Phe Gig Leu Cys Prp Cys Asp Ser Lys Pre Val
785790795800 lie Lys Sly Lye Phe Asp Ala Ser Leh Leo. As:a Sly Pro Ala
Phe Sit 805810815 Met Val Cys Pro Gin Gly Trp ThE Gly0-Mr Ile Girl Cyh
Ti:K Leo Ala E2e0325326 Asn Glh Asp Thr Leo Asp TAT Thr Val Ile Arc
Thr Tyr Arc; Aru Thr 335540845 Thr Pro The Gin Arc; Arg Lys Trp Sys Thr
Tyr. Gip Lys ila Ile Sly 8e0855666 



Glo Asp Lie Tyr G150, Cys Ile Leo Sly Sly Art Trp Tar Cys Ile Tar 8e5
870876880  885990895 Cys Gin His Asp Phe Val Asn Sex Giu Gly Len
Pro His Tyr Pro Ile 905910 Gly Lys Cs Met Len Ile Ass Gin Sex Gin Tyr
Arg Tyr Va1 Asp Atap 915120925 Thr Sex Cys Asp Ara Sly Sly Val Ala Ile
Val Pro Sex Sly Tha Val 930935 Ins Cys Aro Ile Gay Ass Val Thr Val GIs
Val Ile Ala Thr Asn Ash 9459509559e0 Asp Lau Gay Pan Met Pro Cys
Gov Pro Ala. Clu Val lie Ala Sex Cie 965970975 GIs, Pro Val Gln Lys Tht
Ala Cys Tht ?he Ash Tyr Sex Arg Thr Len 960985990 Pro Ass Lys Tyr Tyr
Gin Pro Paal Asp Aral Tyr Phe Gin Gin Tyr Net 99510001005 Len Lys Sly
Gin Tap Girt Tvr Tap ?he Asp Len Asp Sex Val Asp 101010151020 His
His Lys Asp Tyr Phe Ser. Giu Pie Ile Ile Ile Ala Val Val. 102510201035 Ala
Len Len Sly Sly Lys Tyr Val Len Txp Len Len Ile Ttr Tyr 104010451050
Thr Ile Len Sex Gin Gin Met Ala Met Sly Ala Gly Val Ash Thr
1054510601065 Gin Gin Ile Val Met lie 'Sly Ass Len Len Thr Asp Sax Asp
Ile 1070107510h50 Gin Val Val Val Tyr Phe Len Len Leo Tyr Len Ile Val
Lys Gin 108510901095 Gin Len. Ala Arg Lys Trp Ile Lie Len Vol Tyr His
Ile Len Val 11001:105111{) Ala Ass Pro Met Lys Thr Ile Sly Val Val Len
Len Net Len Sly 1115lin1125 Gly Val Val Lys Ala Sea Are Ile Ass Ala Asp
Asp Gin 112011251110 Met Asp Pro Cyt Phe Len Len Val Thr Sly Val Val
Ala Val Len 11451.1501.155 Mel ;le Alt Ax g Arq GIs PhO Ala Thr Les Pro
Let Tie Vtl Ala 116011651170 Lem Len Alt Ile Arg Thr Ser Sly Phe Len
Len Smells Sex Ile 117511001185  Asp Val Thr Val Ala Tel Val Len lie.
Tel Lea Les Leo Ala her 119011951200 Tyr Ile Thr Asp Tyr Pie Arg Tyr
Lys Lys. Tap Lea Chns Leo Lea 120512101215 Phe Soo Lem Ile Ala Sly
lie Pie lie Ile Arg Sea Leo Lys His 122012251235 Ile Ass Gin IStt Gin Tel
Pro Gin Lie Sea Met Pro Sea Tap Arg 123512401245 Pro Lon Ala Leh Tel
Len Pie Tyr Ile Thr Sea Thr Ale Ile Ithr 12501255 Thr Ass Ore Asp Ile Asp
Les Ala Gly Pie Len Lea Gin Tap Ala 126512701275 Pro Ala Val lie Mot
Met Als Thr MeE Trp Ala Asp Pis Lau Thr 125012851295 Tom Ile Tie: Tel
leo. Pro Sex Tyr Glu Leo Sea Las Leo Tyr Pie 129513001305 Len Lya
Ass tel Arg Thr Asp V-al Glu. Lye Ass Tap Lea Sly 'Lys 131013151320 Val
Lys Tyr Arg Gin. Tie Sea Sex Uhl Tyr Asp Ile Cys Asp Sea 15251335 Gin
Gin Ala Val Tyr Leo She Pro Set Arc Ens Lys Ser. Sly Sea 13401345135n
Arg Fre Asp Ethe Ile Les Pro Pie Len Lys Ala tel Leo lie Sea
135513601365 Cys Ile Sea Ser Gin Tap Gin tel Tel Tyr Ile Sea Tyr Leo Ile
137013751550 Ley Glo Ile Ithr Tyr Tyr Met Ste Arg Lys Ile Ile Asp Giu tel
1385159013E5 



Star Gay Sly Ala. Ass Pie Len Soo Arg Lea Ile Ala Ala Ile Ile
14001405141S Glu Leo Asth TrIs A.- Ile Asp Asp SSW Glo Cys Lys Gdy
Lea Lys 141514201425 Lys Lea Tyr Les Les Sea Giy Arg Ala Lys. Ate
Lea Ile Val Los 143014351440 His Lys Val Arg Len Gis Ala. Tel His Arg
Tap Pie Sly Gin Gin 144514501455  Ths Lea Ses Lys Ass Asg His Cys Ile
Ile Cys Ths Ile Cys Gin 1475146211485 Gly Lys Gin Trp Asn Hey Ala. Ass
Clys Pro Lys Cys fly Arc Gln. 149014551500 Gly Lys Pro Ile Thr Cys Giy
Met Thr Len Ala Asp Pie Gin Giu 150515161515 Lys Hi.:?j Tyr Lyh Lys Ile
Phe lie Arel Giu Gin Her Her Cys Pro 152615251530 V51 Pro Pie Asp Pro
Per Cys His Cys Ass Tyr Phe Arg His Asp 153515401545 Gly Pro Phe
Are Lys Glar Tyr Lys Gip Tyr Val Gin Tyr Ter Ala 155015551550 Arg Gly
Gin Lou Pha Len Arg Ann Lev Pro Ile Len Ala Thr Lyn 155515701575 Met
Lys Len Len Met Val fly Ass Len fly Ala Gin tie fly Asp 15:65i5e51590 Lou
Gin His Lau Gly Trp Vol Len Arg Gly Pro Ala Vol Cys Lys
1.595160016015 Lye Ile Thr Ass His Gin Lys Cys His Val Ass lie Met Asp
Lys 16161615.1620 Len Tbr Ala Vev Pee Gly lie Met Pro Arc; Gly Ter Ter
Pro Arg 1625-1630163'5 Ala Pro Vol Are Pee Pro Thr Ala Len Lem Lys
Vol Arg Aro: Gly 164015451550 Len Gin Tin Gly Trp Ala Tyr Thr His Gin
Gly Gly Ilv Per nor 1.65516601665 Vnl Asp His Vol. Mr. Ala Gly Lys Asp
Len Leo Vol :Sys Asp Sac: 167016751650 Mee Gly Aro. Thr. Arq Val Val
Cys His Her Asn Ass sy6, Met TnK 168516901695 Asp Gin Tim Gin Tyr
Guy lie eys Thr Asp Her Cly Cys Pro Gin 176617051710 GlyArg Cy5 Tyr
Val Len Ash Pro Gin Ala Val Ash Ile Her 1715176201725 Gly Thr Lys Gly
Als Met Vol His Len Gin Lys Tim Gay Gly Gin 173017351740 Pie Tim Cys
Vol Thr Ala Her fly Thr Pro Ala Pie Pie Asp Len 171151fl2501755
179017651770 Sex Sly Arc; Vol Val nay Art; Val Lys Vol. Gly Lys Ace Giu
Asp 1.71517801785 See Lys Pro Thr Lys Lea Met See Gly Ile Gin The Val
See Lys 17901795.1800 ASTI Gin Thr Asp Lau Ala Asp Ila Vol Lys Lys
Len The Sat Met 1.8051610 Asn Aag Hip Giu Phe Lys Gin lie The Leo Ala
The Sly Ala Sly 19201825 Lys The Tic: Gin Lou firm An; Per Val Ile Mim
Gau Ile Gly Ar..g 193010401945 Ills Lys An Val Ley Val Leo Tie Pro Leo
Ax;; Aia. Ala Ala. Giu 18501655 Sex Val. Tyr Gin Tyr Met Arg Val Lys Tyr
Pro Sex ilo Set Pha 196518701875 Ash Leo Arg lie Sly Asp Met. Lys Giu
Sly Asp Met Ada The Sip 198010851090 Ile The Tyr Ala. Set Tyr :fly Tyr
Phe Cys Gin Lea Pro Gin Poe 139519001905. Lys Lea Arg Ala Ala Met
Val Gin Tyr See Tyr- lie POe Len AcT. 191019151920 Gin Tyr His Cys Ala
The Pro Sb Gin Leo; Ala Ile Ile Gay Lys 192519301935 lie His Arg Phe.
Ala Gin Asn. Lan Arg Vol Val Ala Met The Ala 19451950 



The Pro Ala Sly Thr Vol The The The Gly Gin. Lys His Pro Ile
195519601965 Gin Gla Phe Ile Ala Pro Giu Val Met Lys Sly Glu Asp Len
Sly 197019751930 See Gin Tyr Len Asp Ile Ala Gip Len Lys. Lie Pro The
Gin Gin 1i93519901.995 Met Lys Gly Asn Met Len Pal Pha Aix; Pro Thr At
Ace Met Ala 200020052010 Val Giu The Ala Lye Lys Len Lys Ala Lys. Gly
Tyr Aon See Sip 204520202025 Tyr Tye Tyr Ger Gly Giu Asn Pro Gln.
Asa Leu Arc pal Pal Thr 203020352045 Sae Gin Sez Pro Tyr Val Val Mal
Ala The Ace Ala Ile Gla See 304520502055  Giy Val This Lou Pro Asp
Leis Asp The Val Pal Asp The Gin Len 208020652070 Lys Cys ath Lys
Axg Psi Arg Ile Ser. See Lys Met Pro Phe lie 207520802088 The Gly Lou
Lys Arg Met Air Val The Lin Gip Gin Gin his 209020952100 Gin Arg Arg
Gly Arg Val Gin Arg Val Lys Pro Gly Arc Tyr Tyr 210521102115 Arg Ser.
Gin GIG. Thr Ada See Gin See We Aril-) Tyr His Tyr Asp 212021252130
Lou Len Gin Ma Gin. Arrg Tyr Cly Ile Gau Asp Gil' Ile Ass Val
21352140714y. YThr Lyn Ser Phe Arg Gin Met Ann Tys Asp Thp Ser Leu
Tyr Giu 215021.5.52160 Gin Asp See Len Mer lb Thr Gin Len Gin Val Les
Asp Ass ihu 216521762175 Leulie See GIL,. Asp Let: Pep Per Air Val Lys
Ash Ile Met: Ala 218021852190 Arg Thr Asp His Pro Glee Pro: Ile Gin
LouAir. Tyr Ash Gee Tyr 219522002205 Gin Ass Gin Ile Pro Val Pen she
Pro Lys Lie Lys ;run C'y G10 221022152220 Ths Asp Set Tys Gin Ash Tyr
The Tee Lout ASP Ala Arg Lys 2225223022-35 Lou Gly Gin Asp Val Pro
Ala Tyr Val Tyr Ala The GIG Asp 224022452250 Asp. Len Ala Val Asp
Len Lou .315' Met Asp Trp Pro Asp Pro Glv 225522602765 Ass Gin Gin
Pa::: Pal Gin The Giy Arg Ala Len Lys Gin Val ThL 22702,752290 Gly Lev
See The Ala Gin Ass Ala Lnic Leh Ile Ada Lev ?be Gly 22902205 Tyr Val
cry Tyr Gin Ttr Leu See Lys Arg His Ile Pro Met Lie 230023052310 Thr
ASp Ile Tyr The Leg Glu Asp His Arg Len Gin Asp Thr Thr 221.523202325
Nis Len Gin Phe Ala Pro Ass Aar ile Hxg The Asp Gil' Lys Asp
233023352340  Set Gin Len Lys Gin Len Ala vaa Gin Asp Len Asp Lys
Tyr Val 234523509355 Asp Ala Len Val Asp Tyr Per Lys Gin Gly Met Lys
Pie Ile Lys 2360253652370 Val Gin Ala Gin Lys Val Arg Asp Set Gin Ser
Thr Lys Gin Gin 232599532385 Len Gin The Ile Lys Gin Tyr Val Asp Lys.
Pie Ile Gin Sex Len. 229093952400 Tthr Gin Asp Lys Gin Gin Ile. Lie Arg
Tyr Gin Len 'Grp Gin Val 240524102415 His Thr Ala Len Tyr Lys Ser Len
Ala Ala Arg Len Giy His Gin 242024252430 Thr Ala Pie Ala Thr. Len Val
Val Lys Trp Len Ala Pie Gly Gly 243524402445 



Gin Thr Val Ser. Ala His lie Lys Sirs Val Ala Val Asp Len Vai
245024552460 Tyr Tyr Ile lip Asia Lys Pro Ser Pre Prs Gly Asp Gthr Gin
246521702175 Thr Gin Gin Gin Gly Arg Mrs She Val Ala Ser Lea Pie Ile
Set- 249S2485.24.90 Ala Len Ala The Tyr The Tyr Lye Till TIT Ann Tyr
Asn Men Len 249525002505 Gin Arg Val Val Gin Pre Ala Len Ala Tyr Len
Pro Tyr Ala Tin 25102515 Per ?la Len Lyn Len Pre The Ore Tin Arig Len
Gin Per Val Val 2525253025353 lie Len Ser Ser TS?: Ile Tyr Lys Thr TyG
Len Sr Ile Axig in 254023s15 Gly Lys Ser Asp Gly Len Len Gin mealy Tie
See Ala Ala Met 25602565 Gam Ile Len Man Gin. Ann PTO. Ile Sinn Val
Gin lie See Val Met: 257025752580 Les Gliy Val Gly Ala -le Ala. Ala His
Ann Ala Ile Gin Ser See 258525902595 Slu Gin Lys Are Thy. Len Lei: Met
LyG Val Pie Val. Lys Ann Pie 260026.052619 Len Asp Gin Ala Ala The
Asp Gin Len Val Lys Gin Ash Pro Gin 261526202625  263074352440 Pre
Len Leg Len Ilg Tyr His Len Tye. aly Val Tyr Tyr Lys Gay 264526502455
'rep Gin Ala Lys Glu. 'Len Ala Gin Lys The Ala. Gly Aro Ass Len
246024452.670 Phe The Leo Tie Mel Phe Gin Ala Phe Gan Lou Len Gay
Mot Asp a 6802645 See Gin Gay Lys Ile Are Ass ten Sef Gly Aso. Tyr Ile
ten Asp 74907695v-ns Len lie Pita Ass Len His Ass Lys Lee. Ass Lys Gay
Leu Lys Lys Lon Val Lela Gin Trp Ala Pro Ala. Pro Len See Cyr Asp Tip
The 2724077252730 Pro see Asp Gin Arg Ile See Lou Pro His Ass ASS
Tyr Len Apg' 273527402745 Val Gin The Arg Cys Pro Cys Gly Tyr Gin
Met Lye Ale Ile Lys 275434252740 Ass Val Ala Gay Lys Len The Lys Val
Gin Gin Lys Gay Ser Phe 276527702775 Len Cys ?keg Ass Arg Len Gin
Leg Gly Pro Pro Ass Pita Lye Val 3-3327352790 The Lys ?he Tyr Asp Asp
Len Len Ile Gin Val Lys Pro Val Ala 279529002505 Leg Len Gin Gly Gin
Val Asp Leg Tyr Tyr Lys Gly Val The Ala 251023352920 Lye Len Asp Tyr
Ass Ass Gly Lys Val Len Len Ala The Ass Lys 282524302535 Trp Gin Val
Asp His Ala Pho t.414 The Arg Len Val Lys Lye His 2.84024452854 The
Gly lie Gly Pita Lys Gly Ala. Tyr Len Gin Asp Leg Pro Asp 244529602565
His GIS Asp Len Val Asp Arg Asp Oys Ala The TIle Th/i Lys Ass
287029752894 See Val Gin Phe I[eal Lye Met Lys Lys Gly Cys Ala Pie
The Tyr 239520902995 Asp Len The Lae ----eAse ten Vol Arcs Lee. Ile
Gas Len 'sal His 290029052910  Thr Sep Leo Ala. Tyr. Ser She. Vol. Asti
Gin Asp Len sly Thr lie 293229352942 Lye Pro Vol Len Ply Gin Lys Vol
ltla Pro Gin Pro Pro Gin Gin 291229502955 Lou Per Len Gin Pro Thr Vol
Are Lou Vol Thr Tier Gin Thr Ala 296029652973 Ile Thr lie Thr Gly Gln Ale
Gin Vol Met Thr Thr Gly. lie Thr 251529302985 



Pro Vol Val Gin Met Lys Gin Glai Pro Gin Lou Asp His Pit: Per
299029353303 Thr The Len Lys Vol Gly Lou Lys Gin Gly Giu Tyr Pro Ply
Pro 300530203215 Gly Vol Aah Pro Ash Has Leo Ala Gin Val lie Asp cal,
Lys Asp 302030253030 Asp Arg Pro Phe Vol Len Ile IleLys Gly Per 'Mr
Per 303530403045 Ace Arg Ala Arg Thr Ala Lys Ran Ile Are Lou Tyr. Lye
ole Aan. 305033252060 Asn Pre Are Glo Ile Are Asp Leo Met Per Gin Ply
Arg Lie Lou 20653070307U Tier Val Ala leml Lye Giu Lao Asp Pro Gin
Lou Lys Gin Lou Vol 30803053090 IL,Jp Tyx Lys Sly Ter She Lou Ash Arg
Gin Ala Lou Gin Ala Lou 309531003105 Per Lou Ply Lys. Pro Ile Lys Arg
Lys Thr Thr Sir Ala. Met Tie 311021153123 Arg Al:g Leo Ile Gin Pro Pin
Vol Giu Gin Gin Leo Pro Asp Trp 31?531203135 Phe Gin Ala Giu Gin Are
Leo She Lea Gin Ala L.,i,ts Tie Gin Ace 311021453150 Asp Len Tyr His
Leo Ile Gay Per Vol Asp Per Ime Lys Per Lys 215531603165 Ala Lys Gin
Len Ply Ala Thr Asp Ace Thr The lie Vol Lys Gin 317031753120 Vol Ply
Ala Arg Thr Tyr Thr Met Lys Lou. Per Per Trp Per Thr 212521902120 Gin
Vol Thr Lye Lys Gin Met Per Len Ala Pre Len Phe Gin Gin 320022053210
Leo Len Len Lys Cys Pro Pro Cye Per Lys Tie Par Lye Giy His
32153220s"s riii Met Val. See Alm. Tyr Gin Lev Ala Glh. Ply Aon 'Pep GIP
Pro Len. 323032353240 Civ Oye Ply Val Tyr Net Geiv The Ile Pro Ala Arp
Alp Lev Lyo 324e32503255 lie His Pro Tyr Pitt Ala. Tyr' Leo Lys Lev Lye
Gin Len Val Gin 3260326.53270 Val Gin Per Sex Ang Ala The Ala Lye GIs
Ser lie Ile Arc'; 3275452503285 His Air The Tee lie Len A ,r rye vts P4r:
His G.),)30 GIP Ace Len 3290 2295 Arg The Lys Sex Met 34e ;Son. 2r.c:
Gly Lys Ile Per Asp Gin Leo. 33053310S315 Cys Arg Asp Ply His Lys Ang
Ace lie Tyr Ace Lye Ile lie Ply 332023253330 Per The Net Ala Her Ala Ply
lie Arg Let Glu Lys Len Pro Val 33353240SSAS Val Arg Ala Gin The Asp
Tier The Ser Phe His Gin Ala Ile Arg 3350345,544360 Glu Lys Ile Asp Lys
Tier Gin Asn 1.&$ Gin Tier Pro Gin Len His 336533703315 Cau Gin Len
Met Lys Val Phe Asp Cy:';. Les Lys Ile Pro Gin Leu 33810444e53390 Lye
Gin See Tyr Asp Gin Vol Sar Trp Pin Gin Lev Glri Ala Ply 339534e03405
Ile Ace Arc'; Lys rely Ale Ala Ply Tyr Len Gin Par Lys Arm Ila
3410341543420 Ply Giu Val Len Asp Tier Gin Lys His Tie Val Giv Glee
Lao Tie 342534303435 Lys Asp Lev Arg Lye Gly Lys Lye Ile Arc.] Tyr The
Gin The Ala 344034453450 Tie Pro Lys Ana Pitt Lys An; Aep Val Sex-
Asp Asp Tee Geo Ala 345534603455 lily Gin Pte Val Asp G4v Lys Lye
Pro Arg Vol Ile Gin 'lye Pro 3470S4S53480 Asp Ala Lys Val Arg Len Ala
lie The Lys Val Met Tyr Lys Trp 348524903495  



3500 Pro Leh She Asp Ile Pie. Ass Lyr Val Lys Lys Gin Tip Asp Sea
351535203525 Phu Gin Asp Phu Val his Val Ser Phi Asp laix Lys Ala Tap
Asp. 3530 Thr Gin Val Thr Sex: Arc; Aep Len Met Len Tim Lye hap Tie
Gin. 354535503555 Lys Tyr. Tyr Pie Lys Arg Sea Ile His Lys Pie Len Asp
Thr Lie 35603570 3565 Mx Gip Pie Mgt Val Gm:: Val Pro Vex Ile hr Ala
Asp 2.7y Gih. 357525803585 Val Tyr. Ile Arg Ash Siy Gin hag Giy Sea-
Giy Gin Pro Asp Thr 859035953600 Per Abs Gly Ass Per Met Leo hen 51
Len Thr Met Ile Tyg Ala 2610 8-6053615 Pie Cys Lys Set Thr Gly Ile Pro
Tyr Atg Gly Phe 3e5 hag Vat! 362036253630 Air Arc Ile His Val Cys Gly
Asp. Asp Gly Pie Leh Tie T'Ar Glh. 368586403.645 hag Ply Lest Gly Len
Lys :she Ser Gist Lys Ply Met Gin Ile Lest 3-85036533668 Pi, Gal.: his Gly
Lys Pro Gin Lys Ile Thr Gin Gly Asp Lys Met 36653675 3670 Lys Val Ala
Tyr. hag Pie Gin Asp Ile Gin Pie Cys Sea His rar 3.68086.853.690 Pro Val
Pro Val Arcs Ttp Ala Asp Ass Thy Set Sex Tyr Met his X69.53700 Gly hag
Set Thr Air Thr lie Len Ale Lys Met Ala Th5 Arc Lou 87153825 Asp Sea
Sea Gly Giu. Arg Giy Set Thr Ala Tyr Gin Lys Ala Val 872537263735 his
Phe sex Phe Lest Leh Met Tyr Ser Tap Aso Pro Val Val Arg
874037458750  ag Ile Cys Len Leh. Val Len Sea Gin Pie Pro Gin lie Sep
Pro 375537303.765  ex ['Pen 7hr Tie Tyr. Tyr' Tyr Gio. Gay Asp Pro TI.e
Ale Ale 377027758765,  Gly She Gin Lys Len Ala Gilt Lan Ass Let Sea
Met Thr Thr Les 280000i0 aly Ile 'rho Thr Lye His Thr Sea Lys Arg Len Ile
Gin Ala Cys 231538203.325 Val alu Ile Gilt Lys Are Gin Gilt Thr Tap Len
Val Ash Ala Asp 5.33033353843 Aral Leh Tie Ala Gly Lys Thr (fly Lys She
Tyr Ile Pro Sea Thr 391538502.855 Gly Val. The Len Len Gay Lys His
Tyr. adh Gin lie Ate Len Lys 336033653310 Can Lye Ala Ala Gin. Pro Pro
Ile Can Gly Val As Ang Tyr Lys 307538803.335 LenPrn Tie aal Aso Val.
fie Len. Arg dod Len Arg Val Met. 369038953300 Len Het. Thr Val Ada
Sex: Gay Ser. Trp 39050910 <210> 8 <2I1> 334e <212> PST <213>
Artificial Sequence: Mutated B'JW: XIKE-B-NdN <40.0d 8 Met Glh Lea
She Per Asp Gin Glv Sex Lvs Gly Ala. Thr Set Lys Lys 10 Gin Pro Lys Pro
Are Arc lie Gin Lys Gly Lys Met Lys Ile Ala Pro 2S2530 Lys Gh Thr Gin
Lys Aso Cys Lys Thr keg Pro Pro Asp Ala Thr  3540 Val Val Gin Giy Vela
Lys Tyr Gin Val Lys Lys Lys Gly Lys Val keg 305560 aly Lys Ace Thr Gin
Asp Giy Leu Tyr His Aso Lys Ash Lys Pro Pro 05707580 01Ser Arg Lys
Lys Leh Gin Lye Ala Leo Lau Ala Tap Ale Ile Led 35VO95. Ala Ala VU.
Lou Leh ale Lou Val Thr c'y Gin Asn Ile Thr Gin Trp 100105110 



Ash Lou Net Asp Asn Gay Tee Gin Gly Ile Gin Gin Ala Met She Len
115120 Asg Sly Vol. Ash Arg Sex: Len His Gay lie Tap Pro Gin Lys Ile
120135140 The. Gly Val Pro Thr His Leu. Ala Thr Asp Tyr Giu Lea Lys
Gin Lie 145I50155150 Val Ply Met Met Asp Ala. Sea Gle Lys Tthr Ass Tyr
'Mr lye Gas Arg 1651701e75 Lea Girt Are His Gly Tap Ass Lys Sly Tip
eye: Ass Tap Pie His Ile 1993185190 Gle Pre Tap Ile Trp Lea Met Ass Lys
Thr Gin Asa Aen Lee. TAr Gb 195200255 Ply elm Pro Lea Ara Gly Cys
Ala Val Thr eys Asi Tyr Asp. Lys Pia 510215 Tsar: Glh Lea Ass Ile Vel Thr
Gal: Ala Ale Asp Ars; Pre Ti:r Thr Lee 230235240 Thr Sly lye Lys Lys Sly
Lys Ass Pie Sea Pie Ale Ply Val Ile Lea 245250255 Asp Sly Pro Gas Ass
Pie Lys Val Sea Val Glp Asp Val Lea Pie Lys 260265 Gla Has Asp Cys
Gay Ass Met Lei Slat Gla Thr Ala Ile Gin Les Lea 2752942285 As Sly Ala
Thr Ass Thr Ile, Gin Sly Are Aql Val Sly Mr. Ala Lys 290295395 Lea Thr
Thr Tap Lea Ply Lys Gin Lev Sly Ile Les, Sly Lys Lys Leis 30531.0315310
Glu Ass Lys ser Lys Ala Trp Fie Gly Ala. His Ala Ala. Ser. Pro Tyr
323390395 lye Sly Val Glu Arc Lys Ile Sly Tyr Val Tap Tyr Tbr Lys Ass
Cys 340345950 Thr Pre Ala lye Lea Pro Asp Ass Thr Asp Ile Ile Sly Pro
Sly Lye 355360365 Pie Asa Thr Len Pira Gls Asp Sly Lys Ile Lea Has Glu
Met Gay Sly 370379360 His Leases cau Pie Val 1.,,ah Lea Per Lea an Val
Lee Sea Asp Pie, 385399395400 Ala Pro Giu Thr Ala Per Val Ile Tyr Lett
Val Leth HIS Phe Ala Ile 40541.0415 Pro Gin Set: His Via Asp Val Asp
Thr eys Aap Lya Asp GIA Lea ASH. 42e4=5430 Lev Thr Val Ala Thr Thr
Val Ala Gla Val Ile Pro Sly Thr 433440445  Ace Lou Sly Lys Tyr Val Cyr,
Ile Ant Pro Asp Tep Trp Pro Tyr Giu 4.50455460 The The The vol Phe Vol
Ile Gin Gin Ala Sly Gin vol Ile Lys Len 455470475480 Met Lou Arc; Ala Ile
Arg Asp Lenz The Arg Ile Sep Ace Ala Ala The 4.35490495 The The Ala
Phe Leo. Tie Phe Leo Val. Lys Ala Len Are Gly Gin ken 5005055.19 lie
Gin Sly Lou. Leo 'Pep Leh Met Leo Ile The Sly Ala. Cam Siy The
615520525 Pro Gin Cys Lys Sb Sly She Gin Tyr Ala Ile Per Lys Asp Ant
Lys 58053554e met Sly Les Lou. Sly Pro Gin Per Leo The The The Top
Pee Leo Pro 515550555560 The Lyn Lye Ile. Vol Asp See Met Vol. hit
Vol'Tip Cyt Gle Sly Lyt 668'570575 Asp lien Lys Tie 'Lien Lys Met eye The
Lys Gin Gdo Arg Tye Leo Vol 590566.590 .Aila Val Sins Pin Ang Ala. Leo
See The See Ala Gin Phe Met Gin  595600606 Ser. As-c.: Sly Tnn Ile Gay
PeD Asp Vol Tie Asp Met Pro Asp Asp The 390515620 "iu The Sly Len
T.ys Pro Ore Asp Per Lee Fro Vol Ile Lye Sly L'vs 625630635E40 nbe
Are: Ala See Len Lou. Ash Sly Pro Ale Phe Gin. Met Vol Cvs pro
646650655 Gin Sly Top The Sly Thr lIe Gin cy4. The Leo Ale ?rem Gin
Asp The 6E0665670 Len As The Thr. Val Ile Arg The Tyr Ang Are The
The Pee Phe Gin 



675660583 Atg Ant Lys. Ten (rye Thr Tye Gin Lys. Ile Ile Sly Gin Asp Ile
Tyr 690695TOO Gin Cys Ile Len Sly Sly Ash Sep The Tye Ile The Sly Asp
His See 765710715220 Arg Lou Lys Asp Sly Pro Ile Lys Lys. Crys Lye
Tep Cys Sly His Asp 92573G735  Lee Ile Ass Pie Set Gly Tyr Arc Tyr Vgi
Asp Asp Thr Sen. Cys Asp 755780765 Art Gin P1 yVel Ala Ile vaa. pro
See Gly Thr Val Tye One Are Ile 370775880 Sly Ass Val Thr Val Gin Val
Ile Ala Thr Ass Ass Asp. Lee Sly Pro. 785790795300 Met Pro Cps Ser Pro
Ala Glu Val Ile Ala. SerGly Pro Val Giu 80581081.5 Lyn Thr Ala ey8 The
Phe. Ass Tyr Ser Asp Thr Lee Pro Ass Lys. Tyr 826eveen Tyr Pie Pro Arg
Asp Ara Tyr Phe Gin Gin Tyr Met Lee Lys Ply Pie 83384.0345 Pep Gin
Tyr Trp Phe Asp Lee. Asp Set Val Asp His His Lye Asp Tyr 850888860
Phe Ser GIs Phe Ile Ile Ile Ala yea Val Ala Len Lee Ply Gay Lye
333:870875880 Tyr Val Leu. Trp Less Lee Ile The Tyr Thx Ile Lee Sex.
Gin Gin Met 39589095 Ale Met. Ply Ala Ply. Val. Ass Thr Glu 01e Ile. Val.
Met Ile Ply Ass 900905910 Les Lee The Asp SAr Asp Ile Gin Val Val Val.
Tyr Pre Les Len. Lee. 915920825 Tyr Les Ile Val Lys GIs Pie Les. Ala Arc
Lys Trp Ile Ile Les Val 930985940 Tyr His Ile Les Val Ala Aen Pro Met Lye
The- Ile sly Val Val Les SAT950955960 Toe Net: Lee Gly Ply. Val Val Lys
Ala Set: Arg Ile Ass Ala Asp Asp 955970975 Gin Ser Ala Met Asp Pro Cys
She Les Lea Val. Thr Gly Val Val Ala 980985990 Cal Les Met lie Ala Asp
Arc GIs Pro Ala Thx leu Pro Leu Ile Val 99510001005 Ala Lee Lev Ala Ile
Arg The Ser Ply She Lee Lee Pro Ala See 10101051020 l.LeAsp Val. Thr
Val Ala Val Val Luu Ile Val Lee Les Leu Ala 102510301080 Ser Tyr lie Tar
Asp Tyr Phe Arg Tyr Lys Lye Trp Lee Gin Les 104010451050 Lee :The
See Lee Ile Ala Ply Ile She Ile Ile Arg See Lee Los  10551.0601065 His Ile
Ass Gin Met Gin Val Oro Gln. Ile Set Mst Pro Her Tip 1070075060 oPro
Len Ala Sea Val Len She Tyr lie Thr Set Thr Ala Ile lossmosci1095 Thr
Thr ASD Trp Asp ne Asp Len Pas Gly She Len Len Sin Trp
110011051110 Ala Pro Ala Val Ile Net Met Als. Thr Met Tie Ala Asp She
Len 1M111201123 Thr Len lie Ile Val Len. Pro Set: Tyr Gin Ten her Lys
Ten Tyr 112011351140 She Len Lys Aso Val Arts Thr Asp Val Gin Lys
App Trp Lets Gly 114511501155 Lys Val Lys Tyr Arg Gin Ile Set Ser V81
Tyr Asp Tie Cys Asp 116011651170 :ler Gin Gig Ala V81 Tyr Len Phe Pro
Set: Arg His Lys Set 117511801195 Per Arg Pro Asp Phe Ile TPu Pras
Phe Leu Lys Al8 Val. Len Ile 119011951200 Set Cys Ile Set Ser. Gin Tim
Gin Val Val Tyr lie Ser Tyr Len 11112 120512.15 Tie Leh Gan Ile Thr Tyr
Tyr Met. his Arg Lys Ile Ile Asp Gin 



122012251230 Val Per Gly Gay Aln Are She Len Set Arg Len lie his Ala
Ile 122512401245 Ile Gin Len lien Tip Ara Ile Asp Asp Gin Gin Cys Lys
Gay Len 1220125a260 Lys Lye Len Tyr Len Len Star Gly Arg A18 Lys
hen Len Ile V..F.P 126512701275 Lys His Lys Val Arg Asn Gin Ala Val His
Arg Tip Phe Say Gin 126212951200 Gin Gin Tle Tyr Gly Ala Pro Lys Val
Tie Thr Tie Ile Lys Aga 129513001305 Spr The Len Ser Lys Ann Rrg His
Cys Ile lie Cys Thr -fie Cys 131213151.320 GIP Gly Lys Gin Trp Ass Gdy
Ala hen Cys Oro Lys Cry Ply Arcs 132513301335 Gin Gly Lye Pro Lie Thr
Cys Sly Met Thr Teo. his Asp She Gin 134212Na aopp1350  Giu Lys His
Tyr Lye Lys Ile she Ile Arg Gin Gig Sec Ser Cgs 125512601365 Pro Vol
Pro Phe Asp Pro Per Cvs His Cys Asn Tyr Phe Arg Pie 137012751.66
Asp Sly Pro she Arg Lys Glh Tyr Lys Gay Tyr Vol Gin Tyr Mt
126513901365 Ala Arg Sly Gin Lou Phe Lou Arg Asa Lou Pro Ile Lou Ala
Thr 14001.4051410 Lye Net Lyo Ler). Lou Met Val Gly Are Lou Clay Ala
(flu Ile Gly 1.41514201425 Asp Lou Gin His Lou. Gly Trp Vol Lou Arc Gly
Pro Ala Vol (L's 143014651440 Lye Lye Ile 'Mr Aen Hio Giu tyri Cys Mb
Vol.Asa. Tla Met Atop 144614501455 Lyo Lou Thra Pie Pae Sly "lie Nat
Pro Arg Sly 6.66n Thr Pro 146614551410 Arg Ala Pro Val Arg Pte PrD Thr
Ala Lea Leu Lys Val. Arg Arg 1.46314601465 Sly Lou Gin Thr Sly Trp Ala
Tyr Thr His Gin Gay tiryxie Nor 149014951606 Sex Vol AspVol Thr Ala
1,Ny Lys Asp Lou Lea Vol eys Asp 150515101515 Ser Met Sly Arg Thr
Arg Val Vol Cyo His Sec Ao:T; Asn Lys Met 152015251530 Tar Asp Glp
Pus Giu Tyr Sly Ile Lys Thr Asp See Ply Cys Pre 15351540 Gin Sly Ala
A.14 Cy5 Tyr Val Len INon Pro GIL: Ala Vol Asa Ilo 155015561550 See
Sly Thr 748 Sly Ala Met Vol His Lou Gan Lys Thr Sly Sly 15551570 .Gin
Pre Thr Cya Vol Thr Ala Ser Sly tar Fro Ala Phe Phe Asp 150015351560
Lou Lys Ace Len Lys Sly Trp Sec Sly Lou Pro Ile Pie Gin Ala
159515001505 Ser Ser Sly Arg Vol Vol Sly Arc Vol Lys Vol Sly Lys Ace
Giu 15101e1516.20  Lys Ian Gin TAr Asp Len Ale Asp Ile val. Lys Lys Len
The Per 164016451650 Met Asp Ass Giy Gin Pie Lys Gin Tie The Len Ala
The Sly Ala 16516601665 Giv Lye The The Gin Len Pro ALig See Val Ile
Gin Gin Ile Cl 167616751660 Arp His Lys Arg Val Len Vat Len Ile Pro Len
leg Pdp Ala Ala 166516901.695 Gin See Val Tyr Gin Tyr Met 'lir; All Lys
Tyr Pro Per Ile See APOO170517IP Pie Ace Len Arg Ile Sly Asp Met Lys
Gin Giv Asp Met Ala The 171517261725 Gay lie The Tyr Ala Ser Tyr Gin
Tyr Pie Cys Gin Len Pro Gin 17301735174.0 Pro Lys Len Arg Ala Ala Met
All Gin Tyr :Per Tyr Ile Pie Len 



174517501135 Asp Gin Tyr His Cys Ala The Pro Gin Gin Len Ala Ile Ile
Gly 17651770 Lys Ile His Ira Pis Ala Gin Aim Len Arc AllMet The
17751790 Ada The Pro Ala Cay The Val The The Thr Sly Clfl Lys Ills Pro
179017951800 Ilm Glu Cdu Phe Ile Ala Pro San Val. Met Lys Sly GIs Asp
Len 180519161916 Sly Per Gin Tyx Lou Asp Ile Ala Gly Len Lys Ile Pro
The Gin 162019251930 Glu Met Lyn Ply Asa Met Len Val Pie Ala Pr.o.
The Ass Ash Met 1EL3518461945 Ala Val Gin The Ala Lys Lys Len Lys
Ala. Lys Gly Tyr Asn See 185018551860 Sly Tyr Tyr Tyr See Sip G.In Aso
Pro Gin Ace Len Arg Vai All 166518701976 Theses Gin See Pro Tyr Val
Val Val Ala. The: Azn Ala Tie Gin. 185198.51.696 Sc.;: Gay Vol The Len
Pro Asp tee Asp The: Vat Val. Asp The Gly 169516001905 Lee Lys Cys
Gin Lys Ass All Arg Ile See See Lys Met Pro Pte 191019151PSG
1925')9351935 Ala Gin Avg Arg Gly Avg Val Giv Avg. Val. Los Pro Giy Arc
Tyr 194019151950 Tyr. Ansi Ser Gin Giu. Thy Abs Oar Gly Bar Lys Asp
Tyr lids Tyr 195519601955 Asp Leo Leo Gin Ala Sim Ang Tyr Gly Tie Giu
A5p Giy Ile Asn 197019751980 Val Tit Lys Ser Pie Avg Giu Met lizo Tyr
Asp Trp Bar Leo Tyr /98519901995 Giu Glo Asp Set ieo Met lie Thr Gan
Leo Giu Val Leo Ash Ass 200020052010 Leo Leo Tie Sat: Ole Asp Leo
PKO Ala Ala Val Lys AST: Tie Met 201520252025 Ala Are Sir Re:hp His
Pro Glu Pro Ile Glm Leo Ala Tyr Ass Set 203020352040 Tyr Glu Aso Gin
Ile Pro Val Leo Pie Pro Lys Ile Lys Ass Sly 204520502055 Sit Val Thn Asp
Ser Tyr Pit Asa Tyr Thy Tyr Lm Asm 29602005.2070 Lys Leo Sly Giu Asp
Val Pro. Ala Tyr Val Tyr Ala Thr Giu Asp 20752002595 GIL: Asp Lem Ala.
Val Asp Leo Leo Giy Met Asp Trp Pro Asp Pro 209020952100 Sly Asm
Gin Gin Vol Vol Giu Thr Sly Arg Ala Lau Lys 210521102115 Thr Sly Leo
Per Sir Ala. Giu Ass Abs Leo Leo Ile Ala Leo She 2191)21252130 Sly Tyr.
Vol Gly Tyr Gin Tthr Leo Per Lys Arc His He Pro Met 213521402145 lie
Sir Asp lie Tyr Thr Leo Giu Asp His Avg Leo Giu Asp Thr 21502.1552i50
Thr His Lam Gin Phe Ala Pro Ass Ala Tie Avg Thr Asp ely Lys
216521702175 Asp Men GIH Leo Lys G1H Leo Ala. ValAsp Leu App Lys
Tyr 21932.1852190 Val Asp Ala lieu val Asp Tyr. Per Lys Glh (sly met Lys
Pis Ile 2191929002205  Gay Len Gin Thr lie Lys Gin Tyr Val Asp Lys She
Lie Gin Ser. 2295nen, 2235 Len The Gin ken Lye Gin Gin Ile Ile Aeg Tyr
Sly Len Tip Sly 22402.2452250 Val His The Ala. Len Tyr Lys Her Len Ala
Ala Meg Len Sly His 225522662265 Gin The Ala Phi: Ala The Len Val Val
Lys Tap lee, Ala She Sly 



22702.2752260 Sly Gin The Val See Ada His Ile Lys Gin. Val Ala Val. Asp
Lev. 226522902295 Val Val Tyr Tyr lie Ile hen Lys Pro Per She Pro Sly.
Asp The 230023052310 Sin The 01n Gin (au Gly Ang Are Phe Val. Ala
Sea Len She ire 231.52320232:5 sea Ala Len Ala mr. Tyr The Tyr Lys
The: Tap A4m Tyr hen Men 28302335230 Len. Gin Men Vol Val Giu PeD
Ale Len. Ala. Tyr Len Pro Tyr Ala 264523502355 The Sea Ala Len Lys
Len She. Thp. Pro Thr Arg Leu Gin Ser. Val 23602365.2370 Val Ile Len
Sea See: The Ile Tyr Lye The Tyr Len Gee Ile Arg 237523902885 Lys Sly
Lys Set Asp Sly Len Len Sly The Sly Ile See Ala Ala 239031.52400 Met
Gin Tie Len hen Gin ?ken Pre Ile See Val Sly Tee Sex Val 240526102415
Met Len Sly Val Sly Ala Tie Ala Ala His hen Ala Ile Gin 'Set
242024252430 See Glu Gin Tye Rrg The Teen Len Met Lye Val Ph e Val
Lys hen 243524402445 She: Len Asp Gin Ala Ala The Asp Glu Len Val
Lys Gin Ran Stn. 245024552460 Glu Lys -lie Ile Met Ala Len She Gin Ala
Val Gin The Tie Sly 246594702475 hen Pro Len Rap Len Ile Tyr His Len
Tyr Sly Val Tyr Tyr Lyn 246024852490  Let Pee Thr Let Ile Met Phe Gin
Ala Phe Gin Let Let Gly Net 251025152520 Asp Set Gin Gay Lys lie Arg
Ann Len Set Sly Aug Tyr tie Let 25252580 Asp Len Ile Phe Asn. Let His
Asn Lys Len Ass its Sly Les Lvs 254075452550 Lys Let V61 Len Siy Trp
Ala. Pro Ala Pro Let Set Tys Asp TsSS 255525602565 Thr Pro Set Asp
Glu Asp lie Ear Let Pro His Ass Ass Tyr Let 257025752580 Arg Vol Sin
Thr Asp Cys Pro Cys Sly Tyr Giu. Net Lys Ala Ile 258525902595 its Ass
Val Ala. Sly Lit Lea Thr Lys Vol Glu Sit Lys Sly Set 280026-0528:10 Phe
Let Cvs Any Ass Asp Len Sly Asp Clip Pro Pre. Ass Phe Lys 26202625
Vol Thr Lys Phe Tyr Asp AST Ass Let Ile Sin Vol Lys Pro Vol
2630267252640 Ala Asp Let Gin Sly GIA Vol. Asp Len Tyr Tyr it Say Vol
Thr 264526502655 Ala its Les Ass Tyr Ash Ass Sly Lys Val. Lev Let Al a
Thn Aant 26602662670 Lys Trp Sit Vol Asp His Ala Phe Len Thr Asp Len
Vol Lys Lys 26752680265 His Tilt Gly Ile Gilt Phe Lys Sly Ala Tyr- Lev Gly
Asp Arc Pre 269026852700 Asp His Glm Asp Letl. Vol. Asp Asp Asp St's
Ala. Thr Ile Thr Lys 270527102715 Ann Per Val Gin Phe Len Lys Met. Lys
Lys Sly Sys Ala Phe Tex 27202725273U Tyr Asp Les Thr Ile St.. Mon ten
Vol. Axg ten Ile Glu Les Vol. 2725274027.45 Ilia Lys Ass Ass Les Gin Gin
Arc Glu. Tie Pro Tin Vol Tthr Vol 275U27552760 Thr Tht Trp Lem Ala Tyr
Sex Pee Vol Ass His Asp Len Sly Thr 27652770 Ile Lys Pro Vol Lett Sly
Gin Lys Val Ile Pro. Gin Pro Pro Gin 276027852790  272328002605 



Ala. Ile The Lie The Gly Gin Ala Gig. Vol Met The The Gly Ile
2810281529211 The Pro Vol Val Sig Met Lye Gin Gig Pro Gin Lem Asp
flee Gin 282528302685 Ser The The Len Lys Val Gly Lem Lys (8.1n Gly
Gig Tyr Pro Gly 284028452950 Pro Gly val. Ash Pr.o Ash His Leh Ala Gig
Val Ile Asp Gin Lys 285528602865 Asp As Arg Pro Phe Vol. Len ile Ile
GlyAen Lye Giy See The 287028882000 See 11= .Leg Ala Arg Thr Ala
Lys Asn Ile Arg Lee Tyr Lys Gly 28852890 Ash Asm Pro Arg Gin Ile Arg
Asp Len. Met See Gan Giy Ahq Tie 290029082910 Lenin Vol Ala LenGig
Len Asp Pro Gin Lem Lys Gin Leg 291.589282925 Val Asp Tye. tya Gly
Thr She Leu Ash Arg Glu Ala Leu Gig Ala 283089852940 Leg See Lem
Gly Lys Pro no Lye Ar,.; Lys The The The Ala Met 2945295029185 Tie
Arg Arg Len Ile Gin Pro Gag Vol. Gin GLIi Clio Lem Pro Asp 29602970
Trp She Gin Ala. Gilt Gig Pro Leo She Lou Gin Ale Lys Ile Gan
288252980298P, Ash Asp Lee Tyr His Len Tie Gly See Vol Asp See Ile
Lys See 29982995.8000 Lye Ala Lys Gig Len Giy Ala Thr Asp Age The
Lys Ile Tel Lye 300530103015 Gin Vol Giy Ala Arg The Tyr The Met Lye.
Leg See Ser Tcp See 302S8025 Thr: Gln Vol VW Lys Lys Gin Met. see
Len Ala Pre Len She Gig 3085304030418 Gin Leg Len Lem Lys Cys Pro
Pro (lye See Lys Ile Ser. Lys Giy 335380553.050 His Met Val 5er Ala Tyr
Girl Leg Ala Gin Oily Asn :rep C,1',1 305530703815  Lys Ile His Pro Tyr
GIs Ala. Tyr Leo Lys Leo Lys Gin 3.0953100e105 Gin Val Gin liar Seh Arg
Ala Thi Ala Lys. Gin Ser Ile Ile Arg aalo3115.3120 Giu His Ass TSr Trp lie
Len Arg Lys Val Arg His Glp Gly Ass 3.12531303135 Len Ang Thr Lys
Sex Met Ile Asn Pro Gly Lys Ile Per Asp Gin 314031453150 Len Cys Ahq
App Gly His Lys Are Ass Ile Tyr Ass Lys Ile Ile 31553165eiLs Gly Sea Thr
Met Ala Per Ala Gay is Arc Len Gan Lys Len Sze 317P3175sleo Val Val
Arg Ala Gin Thn Asp Thr Tbr Sex 555 315 Gin Ala Ile 310531903195 Arg
G-112 Lys Lie Asp Lyn Thr Giu Asb Lys G1n Thr Pro Glut Lao
320032053210 His Gin Gin Len Met Lys Val Phe Asp Cys Leu Lys Tie Pro
Gin 321532203225 Leo Lys (41.n Sex Tyr Asp Gan Val Per Trip Gan Gin
Len Gin Ala $2303235.3240 Gly Ile Ass Pig Lys Gay Ala. Ala Gly Tyr Leo
Gan Per Lys Asn. 22503255 Ile Sly Gin Val Leu. Asp Thr Gin Lys His Ile
Val Gin Gin Leo 3260326.53270 Tie Lys Asp Len Arg Lys Gly Lys Lys Pie
Arc Tyr Tyr Gau Tthr $:>75","7,)'? Ala Ile Pro Los Ass Gin Los Arg Asp Val
Set Asp App Trp Giu 3e293$295$300 Ala Gly Gip ?he Val Asp Gin Lys
Lys Pr ALg Val Ile Gin Tyr 330533103315 Pro Asp Ala Lys Val Arg Leo
Ala Ile The: Lys Val Met Tyr Lys 332033253330 Trp Val Lys Gin Lys IeLh
Val Val Ilea Pro Gly Tyr GIs Gly Lys 333533403345 int Pro Len Phe Asp
Ile Phe Ann Lys Val Lys Luts Gin Trp Asp 3150aaaa3300  



Asp TIC Gin Val Phi Ger Arc Asp Len Met Len Ile Lys Asp Iii
228339553290 Gin Lys Tyr Tyr Phe Lyn Arg Set Ile HiS Ly.::: Phe Les
Asp Ms 339524003405 Ile Phi Gin His Met Val Gin Val Pro Val Tie. Tin
Ala Asp Sly 241034152420 Gin Val Tyr Ile Ars Ann Sly Gin Aeg Gay Ser
sly Gin Pro Asp 242534303.495 The Ses Ala Sly Ass Ger Met Lem Ass.
Val Len Thee Met. Ile Tyr 3.4403443450 Ala Pe:e Cys Lye See Pis Gly Ile
Pro Tyr Arg Sly Pie See Aeg 345534603465 Val Ala Ars Ile. His Val Sys
Sly Asp Asp Sly Pie Lela Ile Tin 2470347534.80 Gin Arg Sly Len Sly Lea
Lye ?Lie See Gin Lys Sly Met Gin Ile 348534903495 Len His Gin Ala Sly
Lys Pro CS11 Lys Ile Tin Sin Sly Asp Lys 350035053513 Met Lys Val Ala
Tyr Arg She Gin Asp Ile Gin Pie Cys Sex His 351535e133525 thr: P:1;:c)
Val. T.,'TO Val Axg Trp fusE, Asp Ass Tit See Sex Tyr Met 353035353543
Ala Sly. Ant Her ter Ala Tin Ile Len Ala Lys Met Ala The Arg
3545351503555 IRA). Asp Her Ser. Sly GIs Arg Sly See The: Ala Tyr
Glee LyA Ala 3560356Ha57n Val Ala Pile Sas Phe Len Len Met Tyr Ses
Tep Ass Pro Val Val 3575258.IMSAS Arg Jug Ile Gys Len Len Val Len
Her Gin Pie. Pro Gin Ile Sir 359035953600 Pro. Her Lys RAH The Ile Tyr
Tyr- Tyr Gin Sly Asp Pro Ile Ala 3605SHIY3615 Ala. Tyr An Gin Val Ile Sly
Lys Gln. Len CyA Gin Len Lys Arg 362026258630 Tin Say Pie Gin Lys
Len Ala Sly Len Asn Leg Spr Met:. Tin Thr 362534403645 Lem Sly lie Trp
Tin Lys His Tin Ser Lys Ars Len Ile Gin Ala 365086553660  aele Asp Arg
Len Ile Ala Gly Lys Thr sly Lys She Tyr Ile Pro Ser. 3680480e8630 Thr
Gly V8I Ttif 108.01. Lea Cly Lys a.17i; Tyr Gis. Glu Ile Asn Leo
269537003.705 Lys Giu Lys Ala. Ala Gin Pre Pro Ile Gin Gly Val As Are
Tyr. 37103715272.0 Lys; Les Sly Pro Ile Val Asn Val Ile Lee Arg An; Lee
Arg Val 372537303735 Met. Len Met Thr Val Ala Ser clay Her Tap
474e2245 <210> V <211> Ggil <212) PRO CM> Artificial sequence
:1158-C 1WDV-Sequenee <400> 9 Met Giu Lee Pne Ser Asn (316 Lea
Lee Tyr f&t: Thr Tyr Lys Gin Lys 11015 Pro Ala Ply Val Val Gln Pro Val
Tyr Asp Val Asn Gly Arc; Pro Lem 2U, Pbe Sly Gin Sea Sea Asp Lea Has
Pro Gin Ser Tfr Lea Lys Lee Pre 254045 His Gin Lag Sly sea Ala Hsn lie
Leo Thr Atin Ala Arg Sea Leo Pro 505560 Arg Lys Sly Asp Cys Are Arg
Cly Ann Val Tyr Sly Pro Val Ger :y 657075 Ile Tyr Ile LaIS Pro Gly Pro Ile
Tyr Or Gin Asp Tyr Val Sly Pro 85e000. Vnl Or His Arq Pis Pro Leg Clu
Lee Cys Arcs ale Ala Ser Net Cys 100105110 Gin Tbt Thr Arg Are Val Sly
Are Val Thr Gay Sex Asp Sly Lys. Lee 115120125 Tyr His Ile Tyr lie Cys
lie Asp Gay Cys Ile Lea Lea Lys Arg Ala 130135140 Thr Arg Ass Gin Pro
Gin Val Len Lys Tap Val Tyr Ass Arg Lea Ass 



14515015516.0  The See Lys Lys Gln Pro Lys Pee Asp 1-leg lie Giu Lys
Ply Lys Met 180185190 Lys Ile Ala Pro Lys Pie The Pie Lys Asp Cya Lye
The Ari Pro Pro 195200205 Asp Ala The tie, Vol Vol Glu Ply Vol Lys Tyr
Gin Vol Lys Lys Lys 21021522e PlyVol ArcLye Ash The Gin Asp Ply Len
Tyr His Ace Lys ", 2,5ggs e s235240 Arm Lys Pro 1-T.ro (flu Sot- Arg Lys
Lys Lou Pie Lye Ala Lou Lou Ala 245250255 Trp Ala Ile tousle Ala Val Lou
Lee Gin Lou Vol The Ply PleAse 260er.;7.7b Lie: The Pin Trp Ash Lou Met
Asp As:n Gly The flu Gly Ilo Gin Gin 275flO235 Ala Mat Phe Lou Arg Ply
Vol Asn Peg See Lou Lou Ply Ile Pep Pro 29029E:SOO Giu. Lys Ile Cys
The Ply Vol Pro The Ws Lou Ala The Asp Tyr Pie 305310315320 Lou Lys
Glu Ile Vol Ply Met Met. Asp Ala Per Gin Lys Ths Ace Tyr 32523033.5 The
One Cc's Arg 1'u Pin Arg Pete elm Pep Ace Lys His Cdy Pep Cys
340345.3.50 Aen 'Pep Pile His Ile Sae Pre Pep Tie Ten Lou. Met Asn Lys
The Gin 3553603e5 Aan Asn Lou Thx Pie Ply Gin Pre Lou Arg Giu Cys
Ala. Vol The Sys 370375Th'e Arg Tyt. Asp Lys Glr The Pie Lou As lie Val
The Gan Ala Aeg Asp 385ggs395400 A.K.g Pee The The Lou The Ply
Syu Lys Lys Ply Lys Aso. 'Pile Ser. She 4.05410415 Ala Sly. Vol. Ile Lee
Asp Ply Pro Sys Asn Phe Lys Val See Val elm 420425130 Asp Vol Les
?he Lys Pis His Asp Gys Ply Pen Met Leu. Gin eau The 44.0445 Ala Ile
Gin Lee La Asp Ply Ala The Agn The Ile Pie Sly Ala Afl 450455 Vol Ply
The Ala Lys Lee The The Trp Leu Ply Lys Gin Lau Ply lie 46'5470480
4E54.93495 Ala. Ala Sea Pro Tyr Cys Sly Val. Gla An; Lys Ile Gay Tyr Val
Tap 560505.510 Tyr Thr Lye Asn Cye Thr Pro Ala Cys Les Sao Arg Ass
Tha Aap Ile 5i552a525 Ile Gly Pro Gly Lys Phe Asp Tar Asa Ala Glu Asp
Sly Lys Ile Lea 550535540 Ris gas Net Gay Gly His Lea Be;: Giu The Val
Lee Lea Sea Lea Val 55 345555 Scp Asp Pile Ala Van GIs Thp Ala. sear
Val Ile Tyr Lea Val 56357e575 Les His Phe Ala Ile Pro Gin Sea His' Val
Asp Val Asp, Tbr Cys Asp 380585590 Lys Are Gin Lau An Lea. Tea Val.
Ala Tan Thr Val Ala. Gla Val 1-1 395600665 Pro. Sly Thr Val Tap Aam
Lea Sly- Lys Tyr Val Cys Ile Lag Pro Asp. 610615GLO Tap Tap Pro Tyr
Gis Ttha Tan Thr Val Teat Val. Lie Glu Glu Ala Gly 625630632640 Gin Val
he Lys Lea Net Lea Arg Ala Ile Arg Asp Lea Tha. Lag Iie. 645650653 Tap
Lan Ala Ala Thr Tar Thr Ala Phe Lee Ile Phe Lee Val Lys Ala Ceie665670
Lea Lag Cly Gin Lau Ile Gin Gay Lea Lea Tap Lea Met Lau Ile Thr
575630685 Gly Ala Gin Gly Plc, Pro GIs Cys La's GIs Gly Phe Gin Tyr Ala
lie 5906S3700 Ser. Lys Asp Lag Lys Net Gly Lau Lea Gly Pro Ole Sea
Lea Thr Thr 705710715720 Thr Tap His Lei: Pro ma Lys Lys inc Val Asp
Sea Net Val his Val 725730735 Ttle. Cys Gla (";:ly Lys Asp Let: Lys 31e
Lea Lys Met (Sys Thr 31iye GIs. 740745750 Gia Leg Tyr Lea Vol Ala Tel
His Gin Arg Ala Lau Sea Thr Sea Ale 



755760753 Giu Plea met Gin Ile Sea Asp Cly Clir Ile Cly Pre Asp Val Ile
Asp 370783  Vol Ile Lys. (Sly Lys she Asn 141a Set Leo. Leo Ass Cly Ore
Ala The 505810915 GIs Met Vol Sys Pro Gls Sly Trp Thr Sly Thr lie Gin
Cy9 Thr hen 82.0929 320 Ala Ass Gin Aso Thr Leo Asp Thr Thr Vol Ile
Arg Thr Tyr Arg Asp 835840343 Thr Thr Pro Phe Gin Ars:- Arg Lys Trp
Cys Thr Tyr Giu Lys Ile Ile 890955960 Gip Gin Asp lie Tyr Giu Cys Ile Leu
Gay Gly Aso Trp Thr 0575 110. 815379875880 Thr Gly Asp Nis see Arg
Leo Lys Asp Sly Pro The Lys Lys Cys Lys 395990995 Trp Co Gly His Ass
she Val Ass Ser Gin Cap Lem Pro Has Tyr Pro 990905910 Ile Sly Lys Cy9
14kt:t. Lea Ile Aso GIs S'ur. Gly Tyr Arg Tyr Vol Asp 929925 Asp Thr Sec
Cyn Asp Arg Sly Gly Val Ala. Ile Val Pro Per Sly Thr 930993940 Val Lys
Cyn Arg Ile 21y Ass 3U1 Thr Vol. Gm Vol The Ala Thr Ass 995920955960
Ass Asp Leo Sly Pro Mee Pro Cys Sea: Pro Ala Glu Vol Ile Ala Ger
965970979 Glo Sly Pro Val Glu Lys Thr Ala Cys Thr Phe Ash Tyr See Avg
Thr 900935990 Len Pro Ass Lys Tyr Tyr Gin Pro Asp Asp Asp Tyr She
Gin Gan. Tyr 99510001000 Met Len Lye Gay Gin Trp Sirs Tyr Pro Phe
Asp Leo Asp Ser Vol iolo10151020 Asp His His Lys Asp Tyr She Set Glu.
She Ile the T1A:. Pile Val 102510301925 Vol Ala Leo Len Gly Sly Lys Tyr
Vol Leo Trp Leo Leo Ile Thr 1.04010451230 Tyr Thr Ile Len Sea Glo Gin
Met Ala Met Sly Ala Sly Vol Ass 105510601065 Thr GbSb Ile.. Vol Net lie
Sly 14,99 Leo Leis Thr Asp Per Asp 107010751030 Ile Giu Vol Vol Vol Tyr
She Leo Len Len Tyr Leo lie Vol Lys 108510901095  Gin Giu Lea Ala Arg
Lys Trp Ile Ile Lev Val Tyr Hls Ile Len 11051110 Vol Ala Ian Pro Met Lys
Thr Ile Gly Vol Vol Len Loua Met Leg 1115-ssp1125 Giy Gly Vol Vol Lys
Ala Ser Avg Ile Asn Ala Asp Asp Gin Set 113011351140 Ala 1-18,8 Asp
Pro Ova Pie Lau Len Vol Thr Giy Vol Vol Ala Val 114511501155 Len Met
Ile Ala Avg Ara Gin Pro Ala Thr Lau Pro Len Ile Vol 1.16011651170 Ala
Len Len Ala Ile Avg Thr Sex: Gly She Len Len Pro Ala Set 117511801185
Ile Asp Vol Ithr Vol Ala Vol Vol Len Ile Vol Lea Len Len Ala I15011951203
Sex Tyr Ile Thr Asp Tyr Phe Avg Tyr Lys Lys Trp Len Gin Len
125512101215 Lan Pie Set Len Ile Ala Gly Ile Ph Ile Ile Are Ser Len Lys
12201230 Nis lie Ian Gin Met 2811.: Val Pro Gin Ile Set Met Pro Set Trp
123512401245 Avg Pro Les Ala 1,an Vol. T.,eu Who; Tyr Ile Thr Ser Thr
Ala Ile 1.25012551260 Thr Thr Ian Turp Asp 1101w Len Ala Gip Pie Lau
Len Gin Trp 126512701275 Ala Pro Ala Val Ile Met Met:. SIlo Thr Met,
Try, Ala Asp Pie Lee 126012851290 



Tit Les Ile Ile Vol Lau Pro Sex. Tyr Glm Ieu Sear Lys Len Tyr 12951:400
Pie Lau Lys Ian Val Ara Thy. Asp Vol Gin Lys Asa Trp Len Gly
121013151320 Lya Val Lyn Tyr Arg GIn Ile Set GGr Val. Tyr Asp 11e ups
Asp 132513301335 Ser Gin Glu Ala Vol Tyr Lau Ph:: Pro Ser Arg His Lys
Per Gly 134013451250 Sar Arg Pro Asp Pie Ila Gen Pro Pie Len Lys Ala
Val Len Ile 1535512661365 Set Cys Ile Ser Set Gin Pro Gin Vol Vol Tyr
Ile Ser Tyr Len 137013751380  13851390135g5 Val Stir: Sly Sly- Ala Asa
The Leo Ser Arg Lao Ile Ala Ala Ils 140014051410 tie Glr Leo Asn Trp Ala
Ilk,: Asp Asp Glu Sb eys Lys Sly Lau 141514201425 Lys Lys Lea Tyr- Leo
Les Se.rArc') Ala Lys A813 Leo Ile V8I 14301435144U Lya His Lys Vol
Arg Asa Glu Ala Val His Arg- Srp She Gly Glo 144514501455 Gio Glo Ile
Tyr Gay Ala Prb Lys al Ile Thr Ile Ile Lys Ala 146014651470 Sar Thr Leo
Par Lys A5fl Arg Hi6 Cy'S Ile Ile Cys Thr Ile Cys 1.47514801435 Cie Sly
Lys Giu Tip Ass Sly Ala Asn Cys Pro Lys Cgs Sly Arg 140014951500 Gin
Sly Lys Pro Ile Thr Sys Sly Met Thh Leo Ala Asp Phe 150515101515 Gle
Lys His Tyr Lya Lys Ile Phe Ile Arg Giu Gin Ger Sat Cys 152015251.530
Pro Vol Pro Phe Asp Pro Sam Cy8 His Cvs Asa Tyr :Ube Arg His
1.53515401545 Asp sly ..1?o She Arg Lys Glo Tyr Lys Gay Tyr Val Gin
Tyr Thr 155015551560 Ala AI:g Sly Gin Lea She Lau. Arg Asa Leal Pro Ile
Leo Ala 15ar 156515701575 Lys Met Lys Leo Leo Met Val Sly Ash Leo
Sly Ala 31u Ile Sly 158015351590 Asp Lea; Glv His Lao Sly Tip Val Lev
Ara Sly Pro Ala vol Cys 159516001605 Lys Lys Ile Thr Aan His Glo Lys
CysAsa lie Met. Asp 161016151620 Lys Leo Thr Ala. Phe She Sly au met
pro Arg Gay Thr Tthr Pro 1.6251630 Arg Ala Pro Val Ass She. Pro Mt Ala
Leo Leo 1-y5 Val Ass Arg 16101645.1650 Gly Lau Gla Thr GlyAla Tyr Tbr
Kis Gin ray Gly Ile Ser 1655-16601665  Set Metaa tel Soc His Set Ass
Ass Los Met 16051690Cc,r Glo Thr G1ASet Sly Cys F 3.7IQ Sly Ala Ass
Cot Tyr Val Leo M,As'Ale tel A:. Ile :72m172:5 Set GlyAla MotLys Thr y sly
178017351740 51u sheAlaA 174527501155 Ass LetPhe Sic 1770 Set Set
SLy 1775 Leo 1795 Lye Man aLa Thy. . Map Leo Ala. 10051510 



g: Arg Vol Lya 051 Gay 1785 Gin Thr vol Sort:  Ass Ass Gly Ghu She Lyg
Glh Ile TN r eu.Ale 18201825 Thy Giu Leo Pro 1540 Ass HIs 1850 Set Val
Tyr Gln Tyr 1965 Lie Gly u lip Pro Lieu AL-g Ala Ala 1960 Pro 1805  Phe
AssAsp Mat LysMet Ala Thr 1880 SGin Sr1905 Sb Tyrlie Phe Le-
Tys Ala rhr Pro Gin Gin Leo Al 19251930 Lye ila His Arg She Ale &is Ass
Les Asg Vol Vol 19401945I950 Ala ThrSly Thr Val 195519601965  lie Gls
0-in She Ile Ala Pro. Gin Val Met Lys Gly Gat: Asp Len 1970.19751980
Gey Sec GIs Tyr Len Asp lie Ala Gly Len Lys Ile Pro The: GIs.
198519501995 Gin Met Lye Gly Ass Met Len tel She Lie Pin Tier Aig Asn
Met 200020052010 Al.avetG:nThrrJLysLv-s Lou Lys Ala Lys Gay. Tyr Asn
Ser 201520202025 Gly Tyr Tyr Tyr Ser. Gly Gin Asn Pro Giu Aan Leu Ars
Val Val 202020352040 Thr Ser Gin Ser Pro Tyr tel Val tel Aaa Thr Asm
Ala 'Lie Giza 204520592055 Sear Gly tel The: Len Pro Asp Len Asp Thr
tel tel Asp ahr Gly 20602065.2070 Len Lys Cya San Lys Are tel Arg Ile
Sec Sex Lys Met Pro She 207520002005 Ile tel Thr Gly Les Lys Arg Met
Ala tel The: lie Gly Gan Gin. 209020952100 Ala Gin Are Are Gly Arg tel GI
y Arg tel Lys Pro lily Aig Tyr 2105ruze5 ails2115 Tyr Arg Ser Gin G16 Ti.
rhla. Sec Gay Ser Lye: Ac p Tyr en Tyr 212021252135 Asp Len Lem Gin
Ada Gin Are Tyr Gly Ile GIs Arc) Gay. Ile Men 21252140 2145 val. Thr Lys
Her sbe Axg Glee Het Ash. Tyr Asp Try Sex Lee: Tyr 215021552160 Gin
GIs Asp Ser Les. Netted Thr. Gen Les Gin tel be Asn :east 21652170217$
Les Len Ile See Gen Asp Len Pro Ala Ala Val Lys Ann lie Me;:
216021e52190 Ala An;; Thr Mgr, His Pro Gas Pro Ile Gin Len Ala Tyr Asn
Sec 219522002205 Tyr Glee Ass Gin Ile PKO Val Lek: She Pro Lys Tie
Lys Men lily22IH22152220 Gan "Val The- Asp Het. Tyr Gin Ass Tyr Thr
Tyr Len Ass Ala Arg 222522102235 Lys Len Gly Gan Asp tel Pro Aia Tyg.
Val Tyr Ala Thr Gin Asp 224022152250 



(A6a Asp Len Ala tel Asp Len Len Gly Met Asp Ire Pro Asp Pro
2255226922e:5 Giy ken Gin Gin Val Val Gin The Gly Arg Ala Len Lys Gin
Val 6.)7s22752280 am,a The Gly. lea See Thr. A1A Gin Iasn Ale Len Leu
Ile Ala Lem Pha 228522502295 Gay Tyr Val Gip Tyr Gin Thr Len See. lye
keg His Ile Pro Met 230023052313 Ile The Asp Ile. ITK The Lee Gin Asp
His Arg Len Gin Asp The 235232e2325 The- His Len Gin She Ala Pro
Agn Ala Ile :Arg The Ann Giy Lys 2330233523610 Aap Ser Gin. Seen Lye
Gin Lae Ala. val Gin Asp Lau Asp 2345625e2355 Val Asp Mee Lea Val
Asp Tye Ser Lys Gin Gly Met Lys Pile Ile 2360236525510 Lye Val Gin Ala
Gin Lys Val Axg Asp See Gin See The Lays Gin 237523802395 Gly Lea:
Gin TUr Ile Lys Gla Tyr Val Asp Lys Phe Ile Gls. Seer 259023952400 Len
The Gin Ass Lye Gin Gin Ile Ile keg Tyr Gly Len Trp Gin-  2405241224.1
Val His The Ala Lev Tye Lys See Len. Ala Ala. Arg Len Gin- His
242024252430 Gin The Ala She Alp The Len Val Val Lys Tep Len Alp
She Giy 243524402445 Gly Gin The Val See Ala His Ile Lys Gin Val Alai
Val Asp ten 24502465,2460 Val Val Tyr Tyr Ile Ile Ass. LyeSee She Pro
Sly Asp The 246524202475 Gin The Gin Gin Gin Gly keg keg She Val Ala
See Len The Ile 246024952490 Ser. Ala Len Alm. Thr Tyr The Tye Lys
The Tep Ass Tye Ann Ase. 249525002505 Emu Gin Arg Val Val Glu Pro
Ala Leu Ala Tyr. Lea Pro Tyr Ala 251225152520 Thm Gee Ala Len Lys
Len The The Pre Thr. Arg Len 252525302535  Lyg Gly Lys Ser Asp Sly
Les Lou Sly Thr Sly Ile Sea Ala Ale 255525602565 Met Giu Tie Leg Ass
Gin Ash Pro Ile Ser Val Sly Ile Sea Vol 257025752580 Net Leo Sly Vol Sly
Ala Ile. Ala Ala His Are Ada Ile, Giu Sea 25902595 Sea Gau Gan Lys Axg
Thr Lou Lou Mot Lys Vol She. Vol Lys Are 260626052610 Phu Lea Asp
Gin Ala Ala Thr Asp Glg Leo Mal Lys GluAsr< Pre 261.526202625 Gig Lys
Ile Ile Met Ala. Lou Phe Glu Ala Vol Gln Thr Ile Sly 263026352640 Ace
Pro Lea Arg Leg Ile Tyr His Leg Tyr Sly Vol Tyr Tor Lys 96502655 Sly Tap
(nu as Lys Gig Leg Ala. Clg Lys Mx Ala Sly Arg Are 266S26652670 Leo
She Thr Let:, Ile Net Phe Giu Ala She Giu Leg Leg Sly Met
267l526602665 Asp Ser. Glu Sly Lys Ile Arg Ass. Leo Per Sly Are Tyr Ile
Log 269096952100 Asp Lore Ile PheLeo His Are Lys Leo Ass Lys Glm
Leg Lys 270527102715 leigs Leo Vol Log Gay Trp Ala Fro Ado Pro Leg
Ser Cys Asp Tap 272027252730 Tin: Pro Set Asp Giu Are Ile Sea Lou Pro
His Asa Aso Tyr 273527402745 Asg Val Glu Thr Arg Cys Pro Cys Sly Tor
Gig Met Lys Ala Ile 



275027552760 Lys Asia Vol Ala. Cly Lye Leo Thu Lys Vol. Gig Sig Lys Sly
Sea. 276527702775 She Leg Cys Are Asa Arg Leg Sly brag Gay Pro Pro
Len She INS 270027C52790 Vol Thr Lys She Tyr Asp Asp Ass Leo Ile
Giu Val Lys Pro Vol 779528002905 Ale Aro Leo Giu Sly Sin Vol Asp Lea
Tyx Tyr Lye Sly Vol Thr SrflO25152.526  Lys Trp Giu Val Asp His Ala Pee
Leo The Leg Leo Val Lys Lys 254028452850 The Gly Ile Giy She Lys Ole
Ala Tyr Leo Giy Acp Arc Pee 295528692365 Asp His Gin Aip Let.' Val.
Asp Leg ASP Cvs Ala The Zee The Lvs 237028752880 Asn See Val Glft
She Lev Lys Met Lys Lys Gly Lys Ala She The 222528902595 Tyr Asp
Leo The Ile Set ASP Leo Val Leg Lau Ile Gin Leo Val 290029052910 His
Lys Len Len Leo Gill Giu Leg Gig lie Pre The Val The Val 291529202925
The The Trp Leo Ala Tyr See She Val Ash Gin Asp Lea lay The
293029352940 Ile Lys Pre Val Leo Gly Giu Lys Cal Ile Pre (Pia Pre Pro
Giu 2545.2.9502955 Gin Leo See Leg Gin Pro The Val Leg Leg Val The
The Gin The 29002.9652070 Ala Ile The Ile The Gay Giu Ala Glg Val Met
The The (fly Ile 257529902995 Th.r Pro Val Val Gin Met Lys Giu Gip. Pro
Gin Leo Asp His Gig. 299029953000 :Per The The Leo Lys Val. Ole Leo
Lye Gin Gly Glo Tyr Pre Gly 300530133015 Pee Gly Val Ash PoP Ass
hide Levi Ala Glo Val Ile Asp Gin Lys 302030253030 Aeop Asp Leg Sep
She Val. Lou Tie Ile Gly Asn Lys Gly See The: 303530403045 See :teen
Aso Ala Leg The Ala Lys APB Tie Arg Leg Tye. Lys e3y 305030553060
Aim Asp Pro Arg Glo. Ilia Arg Asp Leo Mgt See Gin Gly Aep
206.530703075 Lea The Val Ala. Leo Lys Giu Leo Asp Pep Gen Leo Lys
Gin Leu. 308030853090 Val Asp Tye Lys Gly The She Leo Lien Arc Glu
Ala LeuKea 3095SIOP3105 Leo Per Leo Gly Lys Pep Ile Lys Leg. Lys The
The The Ala Met 311031153120  3125313381y305 Trp She Gin in Gin
Gin Stolen Pile Lett Gin Ala Lys. lie Gin 314031453150 Ann Asp Len Tyr
His Len Ile Gly 3ter Val Asp See Ile Lys 313531638165 Lys Ala Lys :LLiu
Lau Gly Ala Thr Asp Asn Thr Lys Ile VSI Lys 31753180 Gin Val Gin Ala
Arg The Tyr The Met Lys Len. Her Set Trp See 312531633195 tilt Gln Val
The Lys Lys Gin Met. Set Len AM Pro Len She Gin. ano82058210 Gin
Len 1,es Len Lys lye Pro. Pro Cys Ser. Lys Ile Her Lys Gly 321532233225
His Met Val Set Ala Tyt Gin Len Ala Gin Gay Len Trp Gin Pro
32303235324() LetiGly Cyz Gly Val Tyr Met. Gly Thr Ile Prs Ala Arg Arg
Leu 324533603255 Lys Ile His Pro Tyr Giu Ala. Tyr Len Lys Len Lys Gin
Len Val 326032653270 Gin Val ,3Thi Per Set Arg Ala Thr Ala Lvs Gin See
Ile Ile Arg 32753130:328-5 



Gin His Ass The Trp Tie Len Arg Lys Val Alp His Gin Gin Len
329022353300 Len. Ara The Lye Per met Tie Ace Pro Gly Lys Ile Ser.
Asp Gin 3.335331.03315 Len Cys Arg Asp Gly His Lys Leg Len Ile Tyr
Len Lys Ile Ile 332033253330 Gly See The Met Ale Per Ala Gly Ile Ara
Len Glu Lys Len Pro 3.33533403345 VSI Val Leg Ale Gin The Asp The
The See She His Gin Ala Ile 336383553260 Leg Gin Lys lie Asp Lys The
Gin Asn. Lys Gin Thr Pro Gin Las. 336533708375 His Gin Gin Less Met.
Lys Val Phe Asp Cys Len Lys. Ile. Pro Gin 338033353390 Let Lys Gin Get
Tyr Asp Glu Val Her Trp Gin Gin Les Gin Ala 339534003405  Ile Gly Gin
Val Len Asp Thr Gin Lys His Ile Val Gin Gin Len 342534303635 lie Lys
Asp Len Arg Lys Giy Lye Lye lie Ang Tyr Tyr Gin Thr 344034453460 Ala
Ile Pro Lye Am Gin Lys Atg Asp Val Ser Asp Asp Trp Gib 3i5534603465
Ala Gly Gin Phe Val Asp Gu Lys Lys Pro Atg Val Ile Gin Tyr 3470
3475SOO Pro Pep Ada Lys Val Arg Len Ala Ile Tht Lye Val Met, Tyr Lys
340534903495 Trp Val Lys Gin Lys Pro Val Val Ile Pro Gly Tyr. Gin Gly
Lys 350035052510 Tht. Pro Les Phe .:rs.s Ile Phe Ass Lys Val Lye Lys
Glu Trp Asp 3520 3515a525 Scribe 31 neep Pro Val Ala Val Spr Phe Asp
Thr Lys Ala Trp 353035353540 Asp Thr Gin Val Thr Par Arg Amp Lep.
Met Len Ile Lys Asp Ile 354535;50P555 Gin Lys Tyr Tyr Pie Lys Asp Sex.
lie His Lye Phe Len Asp Thr 356gP365.3570 Ile Thr Gib His Met Val Gill
Val Pro Val Ile Thr Ale Asp Sly 57575803585 Gib Val Tyr Tle Arg Am OVir
Gatl Asp L-41y Star Gly Gin Pro Asp 359035953600 Theses Ala Gly Asn
See Met Len Ass vaa Len The Met Ile Tyr 360536163615 Ala Pbe Cys
Lys Set Thr Giv Ile Pro Tyt Pay Gil? Pie Set Asp 362036253630 pa& Atg
lie His Val Cy8 Gly Asp Asp Gly Pie Len Tie Tht 36356403645 Gin Atg
Gip Len Gly Len Lye Pie Per Gin Lys Sly Met Gin lie 265036.551660 Len
His Gin Ala Gly Lys Pro Gin Lys Ile Tht Gin Sly Asp Lys 366536703E15
Met Lys Val Ala Tyr Arg Pie Gin Asp Ile Gin Pie Os Ser His
369036633490 Thr Pro Val Pro Val Arg Trp Ala Asp Asn Thr Ser Ser
37003705  Ala Ply Avg Per Tha Ala Thr Ile Len Ala Lys Met Ala Thv Ars;
37IO37153720 Lou Asp See Per Ply Gin Are; Ply Per Thr Ala Tyr Gio Lys
Ala "7303735 Val Ala Pie Per Phe Lea Len Met Tyr Per Trp Asn Pro Val
Vel 37403745 Arg AtIle Cys Lee Lou Cal Lee Per em Phe Pro GIG Ile Per
375537603165 Pro Per Lys Asa Thr Ile Tyr Tyr Tyr Gin Ply Asp Pro Ile Ala
277037733780 Ala Tyr Alp Gin Val Ile Ply Lys Gin Lee Cys Glu Leg Lys
Are 378537903795 Thr Gly Pre Pie Lye Lee Ale Ply Leo Asa Lou Set Net
'Ithr Thr 2.20036053:n1.0 



Lee Ply Ile Trp Thr Lys His Thr Per Lye. Aye Lee Ile Gin Ala
3815.99203.025 Cyr Val Gin lie. Pay Lys Alp Pie Giy Thr Tap Lee Val Ars:
Ale 3.03038353640 Agp Arg Len Ile Ala Ply Lys The Ply Leg Pho Tyr Ile
Pro Set 384538502.955 The Ggy val Thrice Lea Gly iye Pia Tyr. Giu. Giu
Tio Asn Loo. 386038653870 Lys Gin. Lye Ala Ala Gin Pro Pro Ile Gin Ply
Val Asp Alp Tyr. 367530003.666 Lys Leg Gly Pro no Val. A:RI Val H.G.
Len Ahq Alp Len Are Val 3P903E:95 Met. Lea Met Thr Val Ala Set Ply Ser
Trp 39053910 <21a> la G211> 12332 <212> noiA <212A
Artificialsoequence:XiniC BVPV-Pegaence <100> la gtatacgaga
ttagetaaag aac.tt.ptata tggottggac gtcaacaaat ttittaattgg 60 coacgtagog
aaocttiscco toagcgaagg cogoaaagag gctogocatg ociottagtag 120
gactagcaac. agtaggggac tagcggtagc agtgagttsig ttggatggcc gazoocctga
160 gtacogtigga stagtoGatg gttitgaaaot scattogtog aggagtctrog
agatigccatg 240 togoagaggg caAgagoatg gcasztatta acceatgagg
ggqttocato Totgaaagcg 300 ctattcgtgg cgttatggac acagcctgat agggtgtagc
agagacctgc tattccgcta s60 gtaaaaacnc tgctgtacat ggcagatgga gttigttttca
aatgaanttt tatacaaaac 120 atotaaacaa 



asaceaccag gogtcgtgga agotItttac gacgtoaacg ggcgcooact 480 gttitygagag
agoagtgaot tgcaaccgoa gtseetacta aaastaacac accaacgayy 540
cagcgccaac atcctgacca atgctaggtc cctaccgcgg aaaggtgact gccggagagg
600 taatgtgtat agaccggtga gtggcatcta tatgaaacca ggaccgatct actacmagga
660 ttatgtgggc ccggtctatc atagagcccc actggaagta tqtagggagg caagtaegtg
720 cgaaacaact aggagagttg gcagagtgag gggtagtgat gggaaattat atcatatnta
783 catctgcata gatgggtgta tcctcctgaa gagggcgatt aggaaccaac cagaagtcct
84.0 gaaatgggta tacaagagat taaattgtca ettatgggto accagctggt ccgatgaagg
500 gagcaagggt gctacaagta agaaggagcc taagccagat aggatagaaa
aaggtaagat 9.60 gaaaatagcc ccaaaagaga cagaaaaaga ttgcgaaacc
agacccggcg 



acgcgagtat 1020 agUi.:gtagaa ggggttaagt accaggtgaa gaaaaaagga
aaggtaaggg gaaaaaatac ioau tcaagatggg ttatatcaga agaagaataa
ggcccctgaa tcgagaaaaa aattggaaaa 1143 ggcactgctg gcttgggcca.
tcttaggagg ggtcctgctt cagctggtaa caggagagaa 12.00 tatcacccag
tggaacttga. tggacaacgg caccgaggga atagagcaag cgatgttcct 1260
aagaggggtg aacaggagtc tattaggaat ttggccagag aaaatttgga ccggagtacc
1320 aactcactta gcaacagact atgagcAtItaa agagatagtg gqgatgatgg
acgcgagtga 1330 gaagagcaac tacacgtgtt goaggttgga t<: ca tggaataaag
atggttggtg 1440 taactggttt catatagaac cgtggatatg gttgatgaac aaaacccaaa
acaacctgac 1500 agaaggggaa cggcttaggg agtgtgctgt gacttgtagg
tatgacaagg aaacagaatt 1560 gaagatcgtg acacaggcta. gggagagacc 



Lacaactctg acaggttgga agaaaggcaa 1620 gaattlactct ttcgcaggtg ttatactgga
tgggcgctgt aactttaaag tatcggttga 1680 agatgtgctg ttcaaggagc acgattgcgg
caagatgctg caagagaccg cgatacagct 1740 actcgatggg ggaaccaaga
cgattgaggg agcaagggta gggagggcca agttgacaac 1:303 ctggttaggg
aagcaattag ggatccttgg taagaagttg gagaacaaaa gcaaagcatg 1860
gtttggtgca. gatgcagcan gtgcatactg. cggagtggag aggaagatcg gttacgtatg
1920 gtatacaaaa aactgcactc cagcttgect tccaagaaac actagaataa
taggcccogg 1960 gaaatttgat accaaggccg aagatggaaa aatactccat
gagatggggg ggcagmtgtc 2040 agaatttgtc gtattgtcgt tggtggttgt gtctgacttt
ggccoggaaa ccgggagcgt 2100 catctagttg gttctacatt ttgcgatccc ggaaagccac
gttgatgtag acacatgcga 21E0 caagaaccag 



ctgaatttga. cggtagcaac cagagtagca gaggtcatac cagggacagt 2220
gtggaaccea gggaagtatg tctgcataag accagacntgg tggcgatatg agacgacgac
2280 aytaattcgtc atagaggaag cagggcaagt aatcaaattg atgctaaggg
ccatcayaga 2340 cttaactagg atatgTgartg ctgcgactac cagaggettc ttaatctttt.
tagtaagagc 2400 actgagggga caactaatgc aagggctatt gtggctgatg
ctgataacag gagcacaggg 2400 cttccctgaa tgcaaagagg gottccaata tgccatatct
aaagacagga aaatggggtt 2520 attggggcca gagaggteaa atacaagatg
gcacctcccc. accaaaaaaa tagtggattc 2590 catggtgcat gtatggtgtg
aaggaaaagg cttgaaaata ttaaaaatgt gcacaaagga 2640 agagaggtat
ctagtggctg tgcacgagag agccttatca accagtgccg agtttatgca 2700 qatcagtgat
gggacaatgg gmccagaggt gatagatatg cactgatgact ttgagettgg 



2760 actctgcgct tgtgactcaa aaccagtgat aaagggcaaa tttaatgcca gcttactgaa
2820 tggaccagct ttccagatgg tatggccaca ggggtggact ggtacaatag
aatgccaccct 2360 agcgaaccaa gagaccttgg agacaacegt cattaggaca
tatagaagaa ctaccccatt 2940 tcageggaaa aaatggtgta cctatgaaaa
aataataggg gaagatatct atgaatgcat 3000  tgtaggtgga aagtggacat
gcataaccgg tgacmatagg aggttyaaag acggacctat 3060 caagaagtgt
aagtggtgtg gccatgactt cgtcaactca gaggggctat cacageaccc 3120
aatagAtaag tgcatgctca tcaacgagag tgggtacagg tatgtagatg agacctcttg 4180
cgataggggt ggtgtagcca tagttccatc tggcaccgta aagtgtagaa taggtaacgt 3210
cacggtgcaa gttatcgcta ctaacaatga tctyggaccc atgcgttgca gcccagctga 3300
agtgatagca agtgaaggac cagtggaaaa gactycatgc 



acattcaagt attcaaygac 3360 tctaggtaat aacrif_att.aty agccaaggga
ccggtacttg caacaataca tgttaaaagg 4426 ggagtgggaa tattggttgg acceggattc
tgtagaccac cacaaagact acttctcaga 3480 gttcataatc atagcagtgg tcgccttgtt
gggtggtaag tacgtactgt ggct.cttgat 3510 aagatacaga atactgtctg agcagatggc
tatgggtgct ggagtgaata ctgaagagat 3600 agtcatgata ggcaatttgc tgacagacag
tgatattgag gttgtggttt atttccttct 3660 tglagtactta atagttaaag aggaagtggc
gaggaaatgg attatagtgg tatacgacat 3720 cctegtagcc aacgctatga aaacaattgg
ggtcgtctt.a ctaatgctag ggggagegge. 4740 gaaggccagc agaatcaatg
ctgatgacca aagtgctatg gacccatgct ttcttctcgt nAri gacaggcgta gtggctgttt
tgatgatcgc tagaagagaa cctgccacat taccactgat a9c,o tgtagcattg ctagcaatga.



gaacatgagg attgctagtg cccgctagga ttgatgtaac 1,96O tgtaggagta gtattgattg
tacttttgtt ggctagctac ataacagact actttagata 4020  taaaaagtgg cttcaactct
tatttagtct gstagctggt atctttatta taaggagctt 4080 aaaacatatc aaccaoatgg
aggtaccaga aatatctstg ccaagttgga gacctctagc 4140 tc.t..ggtcct:t ttotatataa
catotscagc aataaccact sattgggats ttgacttagc 4200 aggcttcctg ctqcsatggg
cgccagcagt gstcatgatg gctaccatgt gggcagactt 4230 tttgattctg stcatagtcg
tgoccagtta cgagttatct aagctttact tcctaaagaa 4520 cgtcaggaca
gacgtg.gaaa. agaactggct cggcaaagtg asatacagac sgatcagttc 4350
agtttatgac atctgtgaca gtgaggaagc agtgtacsta tttccatcaa ggcataagag 4440
tgagazgcagg ccagatttcs tattaccttt tttgaaagcc gtgttaataa gactgcatcag 



4500 cagccaatgg caagLggtit. acattLtta costasistg gaaattacat actatatgcs
4563 caggasastac stagatgagg tqtcaggagq agcasatttt ctatcaagac
tcatagcagc 4320 catcatagaa ttaaattggg ccatagatga tgaggsatgt aaaggactga
agssactgta 4650 tctcttgtca. gggagagcgs agaatttgat agttaascat
aasigtaagaa atgaagccgt 4740 ccacagatgg tttggtgagg aggaastata
cggggcacsoc. aaggtgatcs 5tatcataas 4800 agctagtacc ctsagtaaaa
acaggcactg cataatctgo actotatsig aagggaasga 4960 atggaatgga
gccaactgcc caaagtgtgg aagacoaggs aagccoataa cat:Kit:J.93st 4923
gacactcgoa gactttgagg agaaacatta caaaaagata tttataagag aagaatcttc 4450
ttgtectgtg cottttgats cttcttgcca ttgtaattat tttcgctscg atgqgccttt 5040
caggaaagag ta1aaggg6t acgtccasta cacagccaga 



ggacsactct ttatgaggas 3.100 cctscaatt ctagcqacga agatgasgct attaatggt.g
ggaaacctocg gcgcagaast. 5160 tggcgacctg gascatctag gatgggtact
gagagg.t..3 gsacgtgtgoa asaasattag 5220 csaccatgag sagtgccacg -1.3
ggstaagcts actgcatttt ttggastcat 5250 gcctagaggc acgacctocta gggcacctgt
gaggttcccc acagcsctac taaaagtgag 630 aagggggcta. gagacgggat
gggcttacac goactsaggs gggatcagct. cggtagacca 3400 tgtgacagcc
ggaaaggatt tactagtgtg tgacagtatg ggcaggacca gggttgtctg 3460 tcatagtaac
aataagatga ctgatgagac tgagtstggc atcaagaccg actcagggtg 5.520
tcccgaaggt gegaggtgtt segtgotaaa cccagaagct gttaacattt ctggcacaaa 5593
aggagctatg gtacacctcc sgaaaacggg gggggagttc aostgtgtca ctgostcagg
5640 gaccccggct ttcttcgatc 



tgsaaaatct aaaaggctgg tccgggctac castttttga 5700 agcatccagt ggcagggtgg
ttggtagggt gasagtcggc aagaatgagg attccaagcc 3760 caccaaacta
atgagsaggaa tccagacagt gtctaagaac cagacagacc tagcggacat 5820
cgtasaaass ttgactagta tgaacagagg agagttosaa cagataacat tagccaotgg
5K7j) ggcaggaaaa actacggaac tgcosagglso cgtcatagag gagataggga
ggcscasaag 5040 ggtottagto ctgataccat tgagagcagc agcagag.tca
gtgtatcagt atatgagagt 6000 gaagtaccca agtatatctt toaatttgag aataggagat
atgaaggaag gtgacatggc 6060 cactggtatc acctacgcct catatgggta ctitttagtsag
cttcctcagc ccaaactgag 6120 agctgccatg gtagagtact catatstatt cttagatgag
taccact.gtg ctacacccga 6180 gcsattagcs ataattagaa agatacacag gtttgotgaa
aatottagag tggtagozat 6240 



gacagcaacc ccagctggaa cggtcacaac gactggtcag asacacccts tagaggagtt
6393 cataggcsca gaggtgatga aaggtgaaga tctaggtagt gaatacttgg
atattgcagg 060 gttgaagata ccgactgaag agatgaaagg csacatgctc gtgttcgcgc
caactaggaa 6420 catggcagta gaaacagcta agaaattgaa ggctaaggga
tacaactctg gatactatta 6480 cagtggggaa sacccagaga acttgagggt ggtascottg
caatccscgt atgtggtagt 6540 agccascaat gccatagagt caggtgtgac attaccacsc
ttagacacag tatqtagacac 6693 tggactaaag tgtgagaaga gggtgaggat
ttacttcsaaa atgcccttca ttgtaacagg 6660 acttaagaga atggcagtcs caatoggaga
gcaagcccag cgcaggggta gaqtaggaag 6.720 agtcaagcca ggtaggtact
staggagtcs agaaacagct tcagggtcas aagsttacca 6780 ttacgaccta
ctgcaagccc agaggtacgg aatagaagat ggaattaatg 



taacaaagtc 6840 attcagggag atgasstatg attggagcct 1t433I gacagettga
tgataactoa 6900 actcgaggto cttaacaacc tecttatatc agaagacctg cctgccgcag
tgaagaacat 6960 catggcccgg accgatcacs cagaacccat acaactggcc
tataacagtt atgaaaacca 7020 aattccagtg ctgttcccaa stptcaaaaa tggtgaggtg
acagacagtt atgagaatta 7060 cacatatctc aatgcsagaa. aattaggaga
ggacgtgccg gcatatgtgt acgccacaga 714.0 ggatgaggat ctagcsgtgg
atcttctggg tatggattgg ccggacccsg gcaaccsaca 7200 ggtgstagag
acaTggaagg cattasasca. agtaactggc ttatcoacag cagaaaacgc 7269
cctcttgata gccctattcg gotacgteogg gtaccagaca eattcaaaaa ggcacatacc
7320 catgattact gacatctata cacttgaaga ccacaggctt gaggacacaa cgcacctcca
7350 gtttgcscoa aacgctataa ggaccgaggg 



csaggactca gagttgangg aattagctgt 740 gggagacctt gataaatatg tggacgcset
ggtagactac tccasscaag ggatgaaatt 7500  catcaaagtc caagctgaaa
aggtcagaga ctcccagtct acgaaggaag gcttgcaaag 1560 cattaaggag
tatgtggata agtttataca atcactaaca gagaataagg aggagatgat 1620 caggtatgga
ctatggggag ttcacacggc actctagaaa agcttggcag cgagactggg 768e
gcatgaaaca gcttttgcaa ctttagtggt aa8atgg4tg gettttgggg g8gaaacggt 7740
atttgctcao atcaagtaag tagcagttga tatagtagta tattatatca tgaacataaca 7000
atcttttcct ggagatacag agacccaaca agaggggagg aagtttgtgg ctagtctttt 1880
tatatctgca ctagcaacat agacatataa aacctggaat tacaacaatc tgcaacgggt 7920
tgtggaacct ggcttagett acgtoccata tgctacaagt gccttgaagt tattcacaca 7980 



cacaagatta gagagtgtgg tcatactcag ttctacaatt tacaagagat agclatctat 8040
aaggaagggt aagagtgagg gottgttagg tagaggnata agtgcagcca tggagatctt
S100 aaaccaaaac ccaatctgag taggtatatg tgtgatggtg ggggtaggtg
cca:cgccgc. 8160 ccataatgca. atagaatcta. gtgaacagaa aagaactttg
ctgatcaagg tctttgtaaa 220 aaacttctta gaccaagcag caacagatga gctagtgaaa
gagaaccctg aaaaaataat 8280 catggctcta tttgaagcag tcgagaccat
aggaaacccc ctaagactca tctaccatct 8340 gtacggggtg tactataagg
ggtgggaagc aaaagcactc gcagagaaaa ctgctggccg 0400 caacttattc
acattgatga tgtttgaggc etttgagctt ttaggtatgg actcagaagg 81.60 aaaqataaga.
aacttgtcag gcaactatat actggactta atettcaact tgcataataa 8520 attaaagaag
gggctcaaaa. aactagtcct tgggtggggt cctgcacctt 



tgagctgtga 8580 ttggacacca agtgatgaga gantaagcct acgtcataac aactacttaa
gggtagaaac 86010 caggtgtcct tgtqggtatg agatgaaggc aataaaaaat
gttgctggta aattgacaaa 8700 agttgaagaa 8.8.4333tcga tectatgcag
gaaaagatta gggagaggac ctgcaaactt 67611 caaaltaaca aagttctatg
atgataactt gatagaagtc aagccagtag ctaggctaga 8020 aggccaggtg gacctctatt
acaaggyagt aacagctaag ttagactca acaatgggaa 8890 agtactgtta
gctacgaaca agtgggaggt ggaccacgct ttcctgacca gactagtaaa 2940
gaagcacaca gggataggtt ttnaaggtqc atatttgggt gaccgacgag accatcaaga
0000 tottgtcgat agagattgtg caactataac gaagaactca gtacagttcc taaaaatgaa
90611 gaagggttgc gotttcagat atgacctaac aatctctaac ettgtcaggc ttattgaact
9120 agtccataag aataatttac aagaaagaga 



gatccctacc gtgacagtaa ctacttggct 9100 tgcatattct tttgtcaatg aagacctggg
gactatgaag cctgtattgg gggagaaaat 9240 catcacagaa cgcccagagg
agttgagtct caaacccacc gtgagactag tgaccactga 9.330 aacagcaata
accataacag gggaggotga agtgataaca acagggatca caccagtagt 90860
agagatgaaa gaagaacctc agctggacca ccagtcaact accctaaagg tagggttgaa
9420 ggaaggggaa tatccagggc caggagttaa ccctaaccat ttagcagagg
tgatagatga 9100 gaaagatgac aggccatttg tcctaatcat cggtaacaaa ggttctacct
cgaatagagc 954.0 aagaacggga aagaatatac ggctgtacaa aggaaagaac
ccaagagaya tcagggatct 9600 gatgagccaa ggaagaatat tgacggttgc
tctaaaagag ttggacccgg aattaaaaga 9660 attagtagat tacaaggala gotttattaa
tagggazgct ttagaagocc taagcttagg 9720 taagccaatc 



aagaggaaaa ccacaacagc aatgatcagg aggttaatag agcgagaggt 9700
tgaggaggaa ctaccagatt ggttccaagc ggaagaaccc ctatttttgg aagcaaaaat
SO40 atagaataac ttataccacc taattggcag tgtagatagt ataaaaagca
aagcaaagga 9900 attaggggcc acagataaca caaagatagt gaaggaagtt
ggggctagga cctatacgat 9660 gaaattgagc aactgcagca cacaagttac
aaaaaaacag atgaatctag ccottctctt 10020 tgaagagctg ttattaaagt ggectccatg
tagtaaaatt tcaaagggac atatggtgtc 10080 agcataccaa ctggcttaag
gaaactggga accoctcggg tgtggggtct atatgggaac 16140 cataccagca
aggcgtttca agatttaccc ttatgagggt tacattaaac tcaaagagct 10230 ggtggaagtt.
gaatcttaga gggcgactgc aaaagaatcc atcataagag aacataacac 192610
ctggatcctg cggaaggtga gacatgaagg gaagctaaga accaaatcaa tgatcaacgc 



'1110320 tgggaaaata tcagatcagc tatgcagaga tggagatsaaa agasacatat
ataataaaat. 10880 cataggctca acaatggcct ctgctggtat taggctggag
aaactgccag tagtccgagc 10440 ccaaactgag acaaccagt.t tccaccaagc
cataagagaa aaaattgata aaacagaaaa 1050 caaggagagg cctganttgc
atgaagaact aatgaaggtc ttcgactgct taaagatccc 16560 agagctgaag gaattntg
atgaagttta atgggaacaa ttagaagccg ggataaaccg 1020 taagggtgca
gcaggctatc tagagagcaa gaacataggg gaagtactag acacagagaa 10680
acacatagta gaggagctga tcaaggatct gaggaaaggg aagaagatta ggtactatga
10740 aaggccatc cccaagaatg agaagagaga cgtcagcgac gact.gggaag
ccagagagtt 108011 cgttgatgaa aagaaaccaa gagtaatcca gtacacggac
gccaagatga gactggccat 10S60 tacaaaagtg atgtacaaat gggtaaagca
aaaaccagtg 



gtgatacccg gctatgaagg 10920 taaaacacct ctatttgaca tattaaacaa
agtgaaga8g gaatgggatt cattccagga 10380  crcegtagca gtgagctttg
araccaaage gtggyataca caagtcacca gtagagacgat 11040 aatgttgata
aaggatatgg agaaatatta tttcaayga agtatacaca aatttttaga 11100 tacaataaca
gaacacatgg tggaggtagc tytcatt:ara gcragacygt.g aagtttacat 11160
aaggaatggt cagagygta gtggccaarc cgagacaagt gctggtaata gtatgttgaa
11220 tyttgataact atgatatatg ctttratgtaa aagtaaagyr ataccttaga ggggattoag
11280 gagagtggcd. agaatccatg tgtgtggtga tgatggattt ttgataacag
agagaggact 11340 gygactgaaa ttctctgaga aggytatgca gatattacat
gaggraggga agerrrayaa 11400 aataactgaa ggggaaaaaa tgaaagtggc
atacagattc gaggagatag agttttgttc 11460 ccatartacc 



<tU'& yatgggraga taacarcagt agttactatgy agggaggag altgg caragccact
atactagrta agatggcaac caggetggat tccaggggag agaggggtag 11080
caccagcttat gagaaggccg taggattcag cttcgttttg aggtactaat ggaatggagt
11610 agttagaagg atctgattac tggtgttgtc aragtttcca gaaatatgcc catrgaaaaa
11700 cacaat.atar tactaccaag gygatcagat aggtgcgtAc agagaagtga
tagggaaaca 11760 gctgtgtgaa ctgaaaagaa caggatttga gaaggtgggt.
ygtctgaatt. tgagtatgag 11E20 cactctaggc atgtggagaa aacatactag
taaaagagta atccaagcct gtgtagaaat 11880 aggtaagaga gaaggtaccg
ggttagttaa tgctgagaga ttgattacag gaaagactgg 11940 gaagttttac
atcagaagca. ctggtgtcac tatgttggga aaacactatg aggaaattaa 12030
cttaaagcaa. aayggyggac aacaggcgat agagggggtt garagatata agttgggccg 



12060 catagttaat gttatattga gaaggctgag ggtgatgctg atgacagttg
ccagegyaag 12120 gtggtgaatc cgtgcggagc gttagtgtaggt cactcaaggt
ttttaagtgt aaatattgta 12180 aatagacayc taagatattt attgtagttg gatagtaatg
cagtgatagt aaataegata 12240 atttaacatt acgtacaatg cactaaycac tgtagatgty
tgaggttaac tcgacgtcra 12300 ggyttggact agggaagagc tgtaacagcg cc
123.32  <210> 11 <211) 1184o <212> 15.1A <213> Artificial
acquengalXIKE-CaNdN 0115\i-3equyncg <4045ca11      gtataggaga
ttagctaaag aactcgtata tggattggag gtcaagaaat tttgaattgg M'i caaggtaggg
aaccttggcc tgagcgaagg cggaaaagag gctagccatg cecttagtag 120
gagtagcaaa agtaggggac taggygtagc agtgagttcg ttggatggcc gaacgcaatga
150 gtacagggga gtggtaaatg gttcgacact crattagtcg 



aygagtctcg agatgggatg 240 tggacgaggg gatgcccagg gcacagatta
accatatgcgg gggttggatg ggtgaaagcg 100 ctatt.ggtgy cqttatggac acagoctgat
agggtgtagc agagacotgg tattccgcta 360 gtaaaaactt tgctgtacat ggcacatgga
gttgttttcc gatgaaggga gcaagggtgc 420 tagaagtaag aagcagcgta agccagatag
gatagaaaaa grtaagatga aaatagggcc 430 aaaagagaca gaaaaagatt
ggaaaaccag acgccccgac grgagtatag tagtagaagg 340 gyttaagtac
gaggtgaaga aaagaggaaa ggtaagggga aaaaatactc aagatgggtt 600
atatcacaac aagaataaga cccctgaatc aagaaaaaaa ttggaaaagg cactgctggc
660 ttgggccatg ttaggagggy toctgottca gctggtaaca ggagagaata tgacccagtg
720 gaacttgatg gagaacggca gcgagggaat acagcaan atyttcctaa gaggggtgaa
780 caggagtcta ttaggaattt ggccagagaa aatttgcagg ggagtaccaa ctcacttagc
510 aagagactat gagcttaaag agatagtggg QC tgatggac grgagtgaga
agacgaacta 



900 cacgtgttgc ayytt.gcaaa garatgagtg gaataaacat gyttggtgta artgytttca
9450 tatagaagag tggatatggt tgatgaagaa aaccgaaaag aacctgacag
aagggcaarr 1020 gctLagggag tgtgctgtcla cttgtaggta tgacaaggaa
acagaattga acatcgtgar 1080 acaggctagg gacagacgta gaactotgac'c.s
aaaggcaaga atttctottt 1145 rggaggt4tt. atactggatg gggcgtgtaa ctttaaagta
tcggttgaag atgtggtgtt 1200 gaaggaggag gattgcggga. agatgatgca
agagaccygg agagagctac tcgatgyggc 1260 aaccaacacc attgagggag
caagggtagg gagggcgaag ttgattaacct ggttagggaa 1320 geaattaggg
atccttggta aqaagttgga ft13 aaagcatggt. ttygtgcara 1380 tggagcaagt
ccatactgcg gagtggagaci gaagatcygt tacgtatggt ataicaaaaaa 1140
ctgccactcga gcttgccttg caagaaacac tagaataata ggeoccggga aatttgatac
1500 raacgccgaa.  gatggaaaaa. -r 'tat gatggggggg cacctctcag aatttgtact
1560 attgteettg gtygtgactgt rtgactttgc ccrygaaacc yggagggtca tctartt 1620 



tctacatttt ggyattccgt aaagcgacgt tgatgtagac acatgcgaca agaacgagct 1680
gaatttaacg qtagtaacca caataggaga ggtcatacca qggacagtgt q';a cctc4q
1340 gaagtatgtc tgcataagac cagactaggtg gcgatatgag acgacgatag tcttcgttat
lacm agaggaagga gggcaagtaa tcaaattgat ggtaagggcc atcatagact
taactaggat 1360 atggaatggt gotactaccg gagttttctt aatcttttta gtaaaaggat
tgaggggata 1320 actaatcgaa ggggtattgt ggctgatgct aataacagga
gcacagggct tccgtgaatg 1960 caaagagggc ttccaatatg ccatatttaa
agacaggaaa atggggttat tggggcgaga 2040 gagottaact acaagatggc
accttggtac caaaaaaatt gtggattgca tggtgcatgt 2100 atggtgtgaa gaaaaagact
tgaaaatatt aaaaatgtgc acaaaggaag agaggtatct 2160 agtggctgtg
cacgagagag ccttatcaac gagtggegag 



tttatqgaga ttagtgatgg 2220 gacaataggc ccagacgtga. tagatatgcg tgatgacttt
gagtttggac totgcccttg 2230 tgactcaaaa. ccagtgataa. aggggaaatt
taatgccage ttactgaata gacgagcttt 234.0 ccagatggta tgoggagagg
ggtggagtgg tagaatagaa tgcaccttag tgaatcaaga 2400 cacgttggag
acaactgtea ttaggacata tagaaqaact acgcgatttc agcggagaga 2460
atggtgtacc tatga.356a6a taatagggga :t1. gaatgcattg taggtggaaa 2526
ctggacatgg ataacgggtg accatagcag gttgaaagac ggacctatga agaagtgtaa
2530 gtaggtgtggc catgacttcg tcaactcaga ggggctacca cactacctaa
taggcaagtg 261.0 catictcatc aaggagagtg ggtacaggta tgtagatgac aggtcttgcg
ataggggtgg 2700 tgtagccata gttatatctg gcactgtaaa gtgtagaata qgtaacgtgt
cggtggaagt 2360 tatcgctagt aagaatgatc 



tgggaggcat gcottggagg ccagctaagg tqataggaag 2836 tgaaggagca
gtggaaaaga ctgcatgcag attcaactat tcaaggagtc tacataataa 2336 gtattatgag
ccaagggacc ggtacttcca acaatacatg ttgaaagggg agtggcaata 2340 ttggtttgag
ctggattctg tagaccacca caaagactac ttgicagagt tcataatcat 3000 agcagtggtg
gcgttgttgg gtggtaagta cgtactytgg ttcttgataa catagagaat 3060 actgtctgag
cagatggcta tgggtgctagg agtgagtact gaagagatgg tcatgatagg 3120
caatttggtg agagatagtg atattgaggt tgtggtttat ttgettottc tgtacttaat 3130 Z'4g
gasctggcga ggaaatggat tatactggta tagtacatcc ttgtagcgaa 3240 gatttatgaaa
acanttaggg tcgtcttact aatgctaggg ggagtggtga aggctaggag 3300 aatgaatgct
gatgaccaaa gtggtatgga gccatggttt gttratcgtga caggcgtagt 33.60 



ggctgttttg atgatcgcta gaagagaacc tgccacatta gcactgattg tagcattgct 3420
aggzataaga acatgaggat tcgtactggg cgctagcatt gatataactg taggagtagt. 3480
attaattgta cttttgttgg ctaggtagat aacagactac tttagatata aaaagtggct 3540
tcaagtctta tttagtctga tagctggtat ctttattata aggagcttaa aatatatcaa 3600
ccagatggag gtaccagaaa. tatctatgcg aagttggaga cctratagct5 tggtcctttt 3660
ctatataaca tctagagtaa taaccactaa ttggyacatt gacttagggg gettt6:tgct 7320
gcaatgggcg ccagtagtga tcatgat.ggt taccatgtgg ggagacttatt. tgactctgat 3780
gatagtgetg gcgagttacq agttatctaa qctttagttc ctaaagaagg tgaggagaga 3640
cgtggaaaag aactggctgg gcaaagtgaa atacagagag atgagttcag tttatgacat
3360 ctgtgacagt gaggaaggag tgtacctatt tgtatcaagg gataagagtg 



gaaggaggcg 33E0 agatttcata. ttacgtattt tgaaagccgt gttaataagc tgcatgagca
gccaatggca 4020 agtggtttag atttgttacc taatactgga aattacatac tatatgcaca
ggaaaatcat 4080 agatgaggtg tcaggaggag caaatttatct atcaagagtc
ataggagcca tcatagaatt. 4140 aaattggggg atagatgatg aggaatgtaa
aggagtgaag aaagtgtatc ttattgtgagg 4200 gagagggaag aatttgatag
ttaaagataa ggtaagaaat gaagccgtcc agagatggtt 42E0 tggtgaggag
ggaatatagg gggcacccaa ggtgatcact atcataaaag ctagtaccct 432D
aagtaaaaag aggcactaca. taatctgcac gatgtgtgaa gggaaagaat ggaatggagc
43.80 caactggcta aagtgtggaa gacaaggaaa gcccataaca tgtggaatga
cactcgcaga 1440 gtttgaggag aaagattaga aaaagatatt tataagagaa gaatcttett.
gtectgtgcc 4500 ttttgatcct tettgccatt gtaattattt 



tcgccaggat gggcctttga ggaaagagta 45E0 taagggttag gtccaataca
cagccagagg agaactottt ctgaggaacc taccaattct 4620 agcgacgaag
atgaagctat taatggtggg aaaccteggc gcagatattg gggacctgga 4690
agatctagga tgggtautga. gagggcgagg cgtgtgcaaa agaattacca aggatgagaa
4740 gtgctacgta aacattatgg ata6ggttac tgcatttattt ggaatcatgc ttagaggcac
4800 gacacctagg ggaggtgtga gattcggflac agcagtacta aaagtgagaa
ggggggtaga 43E0 gaggggatgg gcttacaggc accaaggagg gatcagctgg
gtagacgatg tcacagaggg 4920 aaaggattta ctagtgtgtg acagtatggg
caggacgagg gtagtctgtc. atagtaacaa 463q taagatgagt. gatgagactg
agtatggcat gaagaccgac ttgagggtgtc ctgaaggtg5 5040 gaggtgttac
gtggtaaacc cagaagctgt taacatttct ggcacaaaag gagctatggt 5100  



agacctccag aaaacggggg gggagttcac atgtggcact gcgtgaggga ccccggctgt
9160... gttcgatctg aaaaagctaa aaggctggtc cgggctacca atttttgaag
catcgagggg 9220 cgggtggtt ggtagggtga aagtggggaa gaatgaggat
tccaaggcca gcaaactaat 5280 gagc,ggaatc. cagacagtgt ctaagaacca
gacagaceta gcggacatcg taaagaaatt 5310 gactagtatg agcagaggag
agttgaaaca gataacatta gccacotgggg gaggaaaaac 9400 tacggaac4g
ccaaggtecg tcatagagga gatagggagg cagaaaagqg tottagtect 54.60
gataccattg agaggaggag cagagtgagt gtatgagtat atgagagtga agtacccaag
9920 tatatctttc aatttgagaa taggagatat gaaggaaggt gagatggcca ctggtatcac
5.580 gtaggGctga tatmmt.act tttgtoagct tcctcagcaca aaactgagag
gtgccatggt 5646 agactactca gatatattgt t6gatgagta ccactgtgct acacccgagg 



aagtaggagat 5700 aattggaaag atacacagg-t ttgctqaaaa tcttagagtg
gtagcaatga cagacaacccc 9960 agctqgaacg ggcagaacqa atggtcagaa
acaaguctata gaggagttca tagtgag 5820 ggtgatgaaa ggtgaagatc taggtagtga
atacttggat attgcagggt tgaagatacc 5880 gacggaagag aggaaaggca
acatgctaqt gttcgcgcca actaggazca tggcagtaga.  946 aacagctaag
aaattgaagg ctaagggata caacgctgga tactattaca gtggggaaaa 6000
ccgagagaag ttgagggtgg taacctcgga atcacccgtat gtggtagtag ccaccaatgc
6090 catagagtca. ggtgtgacat taccagactt agacacagtt gtagacagtg
qactaaagtg 6120 tgalaagagg gtgaggattt cttgaaaaat gccgttcagg
gtaagaggac ttaagagaat 61.80 ggcagtcaca atcggagagc aagccgagcg
caggggtgga gtaggaagag tcaagccagg 6240 gagggactat aggagtcaag
aaacagcttc 



aggqgcaaaa gattaccatt aggaggotact. 6306 geaagtoccag a.ggtagggaa
gagaagatgg aattaatgta acaaagtcat tcagggagat 61860 gaactatgat
tggagcgttt acgaagagga caggttgatg ataactcaac tggaggtcct 6.420
taacgacctc Gttatatcag aagacctgcc tggggcagtg aagaagatca tggcggggac
9480 cgatocaccc'a gaacccatac aactggccta taacagtgat gaaaagcaaa
ttgcagtgct 6540 gttcccaaag atcaaaaatg gtgaggtgac agacaggotat
gagaattaca catatgtcag 6600 tgcaagaaaa ttaggagagg acgtgccggc
atatgtgtac gccacagagg atgaggatat 69,.60 agcagtggat cttctgggta tggattggcc
ggacccaggc aaccaacagg tggtagagac 6720 agggagggca ttaaaacaag
taactggctt atcgacagca gaaaacgcgc gcttgatagc 6990 Gctattgqgg taggtcgggt
aggagagact ttcaaaaagg cacataccca tgattactga 6840 catggataca 



gttggagacc agaggcttga ggagacaacc cacctccagt ttgcgggaaa 6910
egotataagg acogacggga aggaGtcaga gttgaaggaa ttaggtgtgg gagacettga
6960 gaaatatgtg gacgcactgg tagactagtg caaacaaggg atgaaattca
tcaaagtcca 7026 agttgaaaag gtcagagagt cccagtctac gaaggaaggg
ttgcaaacca ttaaggaqta 7090 tgtggataag tttatacaat cactaacaga gaataaggag
gagatcatca ggtatggact 7140 atggggagtt gagacygcac tetacaaaag
cttggcagcg agatgggggc atgaaagacc 7800 tttggcaact ttagtggtaa aatggttggc
ttttgggggc gaaagggtat ctgctcacat 7260  aagcaagta gcagttqatc tagtagtata
tgatateatc aacaaaccat cttttcctgg 7326 agatagagag accgaagaag
aggggaggata gtttgtggcg agtottttta tatctgcact 7380 agcaagatac agatataaaa
cctggaatta caacaatctg gaacgggttg tcgaacctgc 



7440 cttagettac gtgcgatatg ctacaagtgc cttgaagttg ttcacaccca caagattaga
7500 gagtgtggtra atagtcagtt gtagaattta caagacatac catctgtataa
ggaagggtaa 7960 gagtgactggc ttgttaggta caggcataag tgcaggcagg
gagatottaa accaaaacca 7620 agtotgagta ggtatatctg tgatgctggg qqtaggtgcc
atcgccgcc6 ataatgcaat 7680 agaatctagt gaacagaaaa gaactttgct
gatgaaggtc tgtgtaaaaa acgtottaga 7740 ccaaggagca acagatgagc
tagtcaaaga gaaccgtgaa agaataatca tggcgctatt 7800 tgaagcagtc
cagaccatag gaaacgccct aagactcatc tacgatctgt acggggtgta 760 gtataagggg
tgggaagcaa aagaactcgc agagaaaact gctggcggca acttattcac 7920
attgac56g tttgag<;cct ttgagctttt aggtatggac tc;:tgaaggsa ac:ataaga 7080
cttgtcaggc aactacatag tigacttaat ottcaatttg 



cataat.aaat taaacaaggg 8046 gctcaaaaaa ctagtccttg ggtgggctgc tgcacctttg
ageggtgatt ggacaccaag 81.00 tgatgagaga ataagcctac ctcataacaa
ctactgaagg gthgaaacca ggtgtccttg 81.60 tggctatgag atgaaggcaa.
taaaaaatgt tgctggtaaa ttgacaaaag ttgaagaaaa 8280 ggggtccttc ctatgcggga
atagattggg gagaggacct ccaaacgtoca aagtaacaaa 8280 gttc;tatgat
gataacttqa tagat.c7aa gccaggoacct. aggctagaag qccaggtgga $346
cctcotattac aagggagtaa cagctaagtt agactacaac aatgggaaag tactgttagc
8410 taccaacaag tgggaggtgg accacgcttt cctgacgaga gtagtaaaga
aggacacagg 8460 gataggtttg aaaggtgcgt atttgggtga ccgaccagac
catcaagatc ttgtcgatag 8520 agattgtgca actataacga agaacgocagt
agagttgeta aaaatgaaga agggttgcyc 8580  tttsscatst 



gacctaacaa tratctaacct tgtcaggctt attgaact.ag tccataagaa 9610 tsatttacaa
gasagagaga tc.cctacct gacagtaact acttggcttg catattgttt. .1700 tgtcsatgaa
gacctgggga ctatcasgcc tgtattgggg gagaasgtca tcccagaacc 9760
ccccgaggag ttgastctcc aacccsccgt gagastagtc accactgasa cagcaataac
8820 cataacaggg gaggctgaag tgatgacgag agggatcaca ccsgtggtag
agatgaaaga 8H9 agaacctcag c'tgqaccacc agtcaactac cctaaaggta
gggttgaagg aaggggaata 891.0 tccagggeca ggagttaacc etaaccattt
agcagaggtg atagatgaga aagatgacag 9000 gc.c.t.tttqtc ctsatcstcg
gtascaaagg ttctaggtcg aacagagcaa gaacggccaa 9060 gsatatagqg
ctgtacaaag gaaacsacgc aagagagstc agggstctga tgagccaagg 9120
aagaatattg agggttgctc taaaagagtt ggacccggaa ttaasagast tagtagatta 



9180 caagggago tttctcaata gggaagottt agaaggccta agcttaggta agccsatcaa
92.41.0 gaggaaaacc acaacagcaa. tgatcaggag gttaatagag ocagaggttg
aggaggaact 9300 accagattagg ttcasagcgg aagsacccct atttttggaa
gcaaasstac agaatgsct.t. 9360 atascaccta attggcsgtg tagatagtat
aaasagcsaa gcaaaggast tagggggcac 9420 agataac:taca aagstsgtga
aggaagttgg ggctaggacc tatacgatga aattgagcag 9480 etaggagcsca
caagttacaa aaaaacagat gagtctagcc cctctctttg aagagctgtt 9:140 attaaagtgc
cctccatgts gtaaaatttc aaagggacat atggtgtcag cataccaact Eff.+00
ggctcsagga. aactgggaso cceatcgggtg tggggtctst atgggaacgs tmgcagctag
9660 gcgtat:csag atessocctt atgsggctta ccttaasctc aaagagctgg tggaagttga
9rY20 atc.tqgagg gccactgcsa aagaatccat catsagagaa 



cataagacct ggatcgt.gcg 9790 gaaggtgaga catgaaggga acctaagaac
caaatcaatg atcaaccctg ggaaaatatc 9040 agatcaggta tgcsgagatg
gacscaaaag aaacatstat aataagatca taggctcaac 9900 aatggcctct gctggtatta
ggctggagas actgccagta gtocgaggcc aaactgacgc 9"160 aaccagtttc
caccaagcca taagagasaa aattgataaa acagaaaaca agcsgacccc 10020
tgsattgcat gasgaactaa tgaaggtztt cgactgctta aagatcccag agctgaagga
10000 stgtatgat gaagtttcat gggsacaatt agaagccggg ataaaccgta
agggtgcagc 10140 aggctatcts gagagcaaga 9C-N933-3 agtcctagac
acagagaaac acatagtaga 1.0200 gcsgctgatc aaggatctga ggaaggggas
gaagattagg tactatgaas caggcatccc 10260 caaggatgag aagagagaug
tgagcgacga ctgggaagcc ggagagttcg ttgatgaaaa 10020 gaaaccaaga
gtaatccagt 



acccggacgc caaggtgags ctggccatts caaaagtgat 103130 gtacaaatgg
gtsaagcsaa aaccagtggt gatagegggc tatgaaggta aaacact.ct. 10440
atttgacata tt.caaqaaag tgaagaagga atgggattga ttccaggacc ccgtagcagt
11.15.i)0 gagctttgac accaaagcgt gggatacacs agtcaccagt agagacttaa
tgttgataaa 1056.0 ggatatcgag aaatattatt. thaagagaag tatacacaaa tttttagata
caataacaga 20620 acacatggtg gaggtacctg tcattacagc agagggtgas
gtttacatas ggsatggtca 1690 gaggggtagt gggcsacccg acacsagtgc tggtsstagt
atgttgaat.g tcctasccat 10740 gatatatqct ttgtgtaaaa gtagaggcat accttsgagg
ggattcagsa gagtggcsag 1.0Sq aatccatgtg tgtggtgatg atggcttttt gataacagag
agaggactgg gactgaaatt 10860 cthtgagaag ggtatgcaga tattacatga
ggccgggaag ccccagaaaa taactgaagg 10920 



ggacaaaatg aaagtggcat acagattcga ggacatagag ttttgttccc atactcccgt
ac!:ma gccagtcaga tgggcagata acaccagtag ttscatggca gggaggagca
cagccactat 11040 actagctaag atggcaacca ggctggattc caggggagag
aggggtagca cagcttstga 11100 gsaggccgta gcgttcagct tecttttgat gtactcatgg
U<313 ttagaaggat 11160 ctgcttactg gtgttgtecag agtttccaga aatatctsca
tccsaaaaca. caatatacts. 11220 ctaccaaggg gatcccatsg ctgcgtatsg
agaagtgata gggaaacagc tgtgtgaact 11280 gaaaagasca ggatttgaga
agctggctgg totgaat.ttg agtatgacca ctctaggcat 2-1340 ctggacaaaa
catactagta aaagactaat ccaaticctgt gtagaaatag gtaagagaga 11400
aggtacctqg ttsgttaatg ctgacagact gattgcagga (4(y' agttttacat 11460
ccoaagcacaq ggtgthactc tgttgggaaa acautatgag gaaattaagt 



taaagoaaas 1:11120 ggcggcacsa ccgtggatag agggggttgs cagatataag
ttgggcccea tagttaatgt 11580 tatcttgsga. 444;- tgatgctgat gacagttgcc
agcggaagct ggtgaatccg 114540 tccggagcgt cgtgccetga atcaaggtti.
ttaattgtaa atattgtaaa tagagagcta 11700 agstatttat tgtagttgga tagtaatgca
gtgstsgtaa ataccccsat ttaacsttsc 11760 ctscaattica ctsagcactt taggtgtgtg
agg.ttaactfl gacgtscacg gttggactag 11820 ggaagacctc taacagcccc.
11640  <210> 12 <211> 3749 <212> PRT <213> Art14413488.
sequencetSIKE-CoNdM <400> 12 Mu h. Glu Leo She Ser Asp Giu Sly Ser
Lys Sly Ala Thr Per Lys. Lys 51015 Gin Pro Lys Pro Asp Arg lIe. Glu Lys
Sly Lys Met Lys Ile Ala. Pro Lys Glg Thr Giu Lys Asp. Cys Lys Thr Asp
Pro Pro Asp Ala The lie 354045 Val Vol Giu Gly Vol Lys Tyr Gln. Vol. Lys.
Lys Lys Sly Lys Vol. Asp 505560 .Ply Lys Ash gbh Pinnep Ply SPck Tyr
His Ash Lys Ass Lys Pro Pro 69707593 Glu Per Arg Lys Lys Les Glu Lys
Ala Lou Leo Ala Tee Abe Ile Lou 859095 Ala Aig Vol Tea Leu Gin Leo. Val
The Giy Glu Asn Ile The Gin Trp 130105110 Ass Les Met Asp Ass Gly
The Gau Ply lie Gas Gan Ala Met Phe Lou 115123125 Asp Gly Vai Ass
Ara See Lou Leu Ply Ile Tap Pro Gig Isis Ile Cys 130125143 The Sly Vol
Pro Thr H18 Lou Ala Thr Asp Tyr Glu Lou Lye Glu Ile 



145150155160 Vol Sly Net Met Asp Ala Per Gly Lys Thy Ass Tyr Tbx Cys
Cys Asp 169170129 Leo Gin Arg His Glu Trp Ash Lys His GayTrp She His
lao185190 Ile Gly Pro Trp Ile TAT Leg Met Ass Lys The Gin Ass Ass lieu
Thr 195200205 Giu Sly Sin Pro Leo Arg Giu Cys Ala Vol Thr Cy8 Tore Tyr
Asp Lye 2108441120 Glu The Giu Lou Ass Ile Vol Thr Gin to- Ara Asp
Asp Pro Thr Thr 225230sss240 Leo Thr Gly Cys Lys Lys Ply Lys Ass inc
Per She Ala Sly Vol Ile 25250255  Lye GIs His Asp Cye Gin Ass Met Len
Gin Gla Thr Ala Ile Gin Len 275280365 Len Asp Giy Ala. Thr Ass Thy' Ile
Gin Gly Ala Asg Val GL y The Ala. C40295300 Lys Leh Tar The Tep Lea
Gin Lys Gin Len Gly Ile Len Gly Lys. Lys 305310315 Leh Glu Ass. Lys Ser
Lys Ala Trp Phe Sly Ala His Ala Ala See Pro 325330335 Tye Gys Gly Val
Glr Arc; Lye ale Gly Tyr Val Trp Tnt Thr Lys Ass 340345330 Cys Ths Pro
Ala Cys Les Fro Avg Ass Thr Avg Ile Ile Sly Pro Sly 355360365 Lys Phe
Asp The Ass Ala Gin. Asp Sly 'Lys Ile Lea His Gin Net Gly 370375380
Gay his Len Ser GIs Phe Val Len Len Ser Lea Val Val Len Set Asp
385390395400 Phe Ala Pro Gan The Ala Sex: Val Ile Tyr Leh Val Les His
Phe Ala 405410415 Ile Pro Gin Set His Val. Asp Val Asp Thy Cys Asp
Lys. Ass Gin Len 420425430 Asa 'ben Thr Val Ala Mr Ths Val AIs Gin Val.
Ile Pro Gly Thr VS 435440415 Trp Ass Lea Sly Lys Tyr Val Cys Ile Asg
Pro Asp Trp Trp Pro Tyr 450455450 Gla Thp Tkrr Tbs. Val Phe Val 'ale
GIs Gis. Ala Gly Gin Val Ile Lys 46n47S475480 I.Gm Met Lea Avg Ala lie
Avg Asp Lea Thr Arc; Ile Trp Ass. Ala Ala 185490495 Thr The Thr Ala.
She Len Ile. She Len Val Lys Ala Les Avg SinGle 500505.510 Leh Ile Gin
Gin Les Len Tria Lm: Met Len Ile Tax Gin Ala Gin Cly 515520 Phe PTO
Gin Cys Lys Gin Gay She Gin Tyr Ala Ile Say Lys Asp Arg 530535540 Lys
Met. Sly Leu Les nip Pro Gin Set 14.ar Thr Tar Thr Lep His Leh
545550555560 Pro Ths Lys Lys Ile 'Val Asp ries Met Val his Val Tap Cys
Gin Sly 565570575  500535590 His Gin Are Ala Len Ser Tbr Ser Ala Glu
Pie Met Gin 195600625 Tie Ser Asp Gly Tint Tie Gly Pro Asp 4H1 Ile Asp
Met Pro Asp Asp 618615628 Pie Gin Pie Gly Lan Cys Ps Cr Asp Sex- Lys
Pro Val Ile Lys Gly 625620625944 Lys Pie Asn Ala Sets Les Len Ash Gly
1:"TC1, Ala Pie Gin Net vs?: Cyst 645450655 re:o Gin Gly Trp Tin Giy
True Gin Cys Ohs Leh Ala. AsA Gin Asp 662665672 Thr Leh Asp Tr Thr
Val Ile Arg Thr Tyr Arg Arg Thr Thr Pro Phe 675630685 Gin Are Are Lys
Trp Cys Thr Tyr Giu Lys Ile Ile Gly Gin Asp Ile 9906$5730 Tyr Gin Csys
Ile Len Gay Cry Asp Trp Thr Gys Tie Thr Giy Asp His 7057107i5720 



Sex' Are Len Lys Asp Gay Pro Ile Lys Lys Cys Lys Trp eye Gly Els
725730735 Asp Pie Vs1 Asn Ser Glu Gly Leh Pro His Tyr Pro Ile- Gly Lys.
Cys 740745750 Met Les Ile Asn Gin SeA Giy Tyr Are Tyr Va1 Asp Asp
Thr Set Cys 755260765 Asp Ang Gly Gay Val Ala Ile Val Pro Set Gly Thr
Val Lys Cs Arg 770775780 Ile Gly Asn Val Ths Val Gin Val Ile Ala Thr Asn
Ace Asp Len Gly 285790795902 Pro Met Pro Cys Ser Pro Ala Gin Val lie
Ala Ser Gin Gly Pro Val 305810815 Gin Lys Thr Ale Cys Thr Pie Asn Tent
Per Arg Thr Len Pro Ace Tye 020925630 Tyr Tyr 912 Pro AAg Asp Ars
Tyr 14.=e. Gin Gin Tyr Met Len Lys Giy 8253402-45 Gin 75rp Gin Tyr Trp
Pie Asp Leh Asp Per Vol Asp His His Lys Asp 652955360 TyrSer Gig Hie
Ile lie Lie Ala Val Vaa. Ala. Lau Len Gly Giy 3638733220880  Met. Ala Met
Ply Ala sly Val Ass The Gla Gla Ile Val Met Ile Ply 900905910 Ass Lea
Leo The A$D Per Asp Ile Giu Val Val Val Tyr Phe Len Lea 915920925
Lea Tyr Leo Ile Val Lys Giu Glu Lea Ala Ala Lys Trp Ile Ile Lea 930935940
Val Tyr His Ile Len Val Ala Asn Pro Met Lys The Ile Ply Val Val
940950955960 Led Lea Met Lea sly Sly Psi Vol Lys Ala Ter Arq Ile Ass
Ala Asp 966574975 Asp Gin Sex Ala Net Asp Pro Sys (he Lea Lea Vol.
The sly Vol. Val 9609E5990 Ala. Vol Len Met lie Ala Arg Arg Ulu Pro Ala
The Leo Pro Lea Ile 991510001005 Val Ala Lea Lea Ala Ile Arc The See
Gly She Lea Lea Pre a' 10101015ICTS Sex Ile Asp Val The 'Val Ala. Val
Val Lea Ile Vol Lea Lea Lea 1026160301035 Ala Per Tyr Ile Thr Asp Tyr
She Arg Tyr Lye Lyn Top Leo Gin 10(010451050 Lea Leo Phe Sex Lea
:Ede Ala Gly Ile Phe lie Ile Arg Ser Leo 10551060 Lys Pis Ile Asa Gin Net
Glu Val Pre 0411.1 Ile Per Net Pro Per 107010751080 Top Asp Pro Lea
Ala Lea Vol Lea ltne Tyr tie The Ter Thr ALF', 108610901095 Ile Ths The
Asn Top Asp lie, Asp Lett .Tua Ply Phe Ley Let Gin 110611051110 Trp
Ala Pro Ala. Vol Ile Met Mgt Ala The Net Top Ala Asp She 111511201125
Lea Tho Lea lie. Ile Vol Lea Pro See Tyr Gla Leh Sea Lys Lea
11301135114:7 Tyr Phe Lea Lys Ass Vol Asp The Asp Val Gla Lys Ash
Top Lest 114511501155 Gly Lys Val Lys Tye. Arg Gin. Ile Set Ser Val Tyr
Asp Ile Cys 1.160111651170 Asp Sex Giu Gla Ala Val Tyr Leu She Pro
Per Arg His Lys Sex 117511801.195  Gay Ser Apg Pro Asp Phe Ile Len
Aso Phe Len Lys Ala Val Lep 119011951200 Ile Set Cy's he Ser Ser GIrt
Trp Gin. Val Val Tyr Ile Aso Tyr 1205131012I5 Leh Ile Len Gin Ile Thp Tyr
Tyr. Met His As; Lys Ile Ile Asp 122013351230 Gin Val Her Gly 'Sly Ala.
Ass She Lou Ser Rog Lou Ile Ala Ala 123512401245 lie Ile Glo Len Ass
Tthp Ala. lie Asp Asp Gin Gan Cys Lya Gay 125012531280 Len Lys Lys
Len. Tyr Len Len Set Gay Axg Ale Lys Ass Leh Tie 12651270 



Val Lys His Lys Val Arc Ass Gin Ala Val His Arg Trp She Gay
129012831293 Gin Gin Glo Ile Tyr Gay Ala. Poo Lys Val lie. Thr Ile Ile Lys
12.S.313001305 Ala Ser. Thr Leo Ser Lys Ass Are His Cys Ile Ile Cys rIthr
Ile 1S10131:5132O Sys Gin Gly Lys Gin Trp Asn Gay Ala Ass cys Pro Lys
Cys 132313301335 Arg Gin Giy. Lys Oro Ile Thr Cyh Gay Met Thr Leh Ale
Asp Ohs 13401345 .1350 Gin Gin Lys His Cr Lys Lys Ile She lie Arg Gin
Gin See Set 115513601365 Cys P-os Val. Pro She Asp Pro Set Cy's His
sys; Ass Tyr She Are 137013151380 His Asp Gly Pro Phe At; Lye Gin Tyr
Lys Gin Tyr Val Glh Tyr 138013991093 Tin Ala Arg Gly Gin Lest She Len
Arg Ass Len Pro Ile Leo Ala 140014031410 Car La met Lye Leo. Len Met.
Val Gly Ash Len Gly Ala Glu Tie 141514201425 Gay :71p Leo Glu His Len
Gin Trp Val Leo Arc Gay Pro Ala Val 143014A251.440 Sys Lys Lye. Ile.
Tlar Ann Has Gist Lye Cys 14is val Asn Ile Meth 1e4514501455 Asp Lys
Len The Ala She She Sly Ile Met Pro Arg 'Sly Tthr Thr 1460146151470
42514801465 Arg sly Leo Slu Thr Gly Tris Ala Tyr Tbx His Gin Gly Sly lie
149014951509 Sir Per Val A:Igr His Val Thr Ala. Sly Lys Asp Leo Leo Yal
Cys 150515101515 Asp Ser Met Sly Arg TH:r Axg Val Val Cys Hie Her
Ain Asp Lys 152015251539 Met Thr Asp Giu Thr Cll.: Tyr Sly Ile Lys 1-b3:
Asp Per Cly Cys 152515401545 Glo Gly Ala Arg Cys Tyr. Val Lee Asa Pro
Gau Ala Val Ass 155015551560 Ile Her Sly Thr Lys Ply Aia Met Val His
Leo Sin Lys Tbx n.Ey 156515701575 sly GIL: She Thr Sys Val Thr Ada
Her Say Thr Pro Ala She She 158::15351.590 Asp Leo Lys Ass Len Lys
Ply Trp Sir Sly Lea Pro Ile She GLo 159516001605 Ala Her Her Sly Arg
Vol Vol Ply Ant Val Lys Vol Sly Lys Ass 16101615I620 Sic Asp Ser Lys
Pro Thr Lys Lea Met Her Ply lie Gan Thr YAi 162516301635 Her Lys Ass
Gin Thr Asp Lea Ala Asp Ile Val Lys Lys Len Thr 164016451650 Her Met
Ass Arg Gly Sic She Lys Can lie Thr Leo Ala. Thr Gay 1.65516601665 Ala
Sly Lys Thr Thr Gin Lea Pro Asp Her Val Ile Sac Gin Ile 1670IL6251600
Sly Asp His Lye At; Val Leo Val Les Ile Pre Len Asp Ala Ala
1.68516501655 Ala Gin Her Val Tyr Gin Tyr Her Asp Val Lys Tyr Pro Sex
Ile 1711017051110 Her Pest: Lets Arg Lie Sly Asp Mel. Lys Gip Gly Asp
Mst Ala 171517201225 Thr Gly I1P Thr Tyr Ala Her Tyr Sly Tyr She Sys
Gin Let Pro 173017351740 Gin Pro Lys Lea Ax.g Ala :ca. Met. Val Gila
Tyr Her Ty.:- tie She 114517501755  Ply Lys Ile His Arg Phe Ala. Glu Ass
Leo Ateg Vol Vol Ala Met 117517801785 The Ala The Pro /du Sly The Vol
The The The Sly Gin Lys Rio 179617953.900 Pro Ile GIs Glu 'The lie Ala
Pro Glu Vol. Met Lys Sly Pis Asp 



1605181()1815 Lee Ply See Pis Tyr Lee Asp Ile Ala Ply Lee Lys Ile Pro
The 182018251830 Gill Gilt Met. Lys illy Ass Met Leis Vol Phe Ala Pro
The Arq Ass 163518401845 Met Ala Vol Pie The Ala Lys Lys Lee Lys Ala
Lys Gly Tyr Ash 185818551.860 Sex Sly Tyr Tyr Tvr Ser Sly ale Ass Pro
Pau Ass Lee Are Vol 18651e701875 Vol Thr See (Airs Ser Pro Tyr Vol Vol
Vol Ala The Ass Ala Lis 188e18851890 Gm See Gay. Val The Les Pro
Asp Lee. Asp The Vol Vol. Asp Thi 189519001965 Ply Lee Lys (lye Pls.
Lys lire Vol An; Ile Ser See Lys Met Pee 19101920 Phe Ile Vol The Ply
Lee Lys Are Her: Ala Vol. The Tie Ply Gle. 19251930n1925 GIs Ale Gin
Peg Aeg Sly Are Vol Ply Arg Vol Lys Pte Ply Peg 194019451950 Tyr Tyr
Arc See GIs GIs The Ala Ser. Ply Set lye Asp Tyr His 195519601965 Tyr
Asp Lee Lea GIs Ala Pin Arg lye Sly Ile Gass Asp ply Ile 197019751980
Asp Vol The Lys See Phe Peg Giu Met Ash Tye Asp Trp Bee Lee
198519901995 Tyr GIs Glu Asp See Lee Met Ile The Sin Leo Glu Vol Len
Ass 200020052C)10 Ash Lee Lee Tie Bee 'ale Asp Lee People Ala. Vol.
Lye Ass Ile 201520202025 Met. Ala Arg The Asp His Pro Pie Pro Ile Pie
Lee Ale Tyr Ass 203020352046  Sly Glu Val Thr Asp Ser Tyr Gill Asn Tyr
Thr Tyr Lou Asa Ala 206029950900 Arg Lys Lou Sly Giu Asp Val Pro Ala
Tyr Val Tyr Ala Thr GIs. 200620802085 ART. Giu AG) Lou Ala Val Asp
Lou Lou Sly Met Asp Try Pro Asp, 909020953e100 Pro Sly Aan Glh Sip
Val Val Giu Thry Arg Ala Lou Lys Gln 210521:021.15 Val Ihr Sly Lou Sax
Thr Ala. Slu Ass Ala Lou Lou Ile Ala Lea 912021292130 ?be Sly Tyr Val
Sly Tyr Sin Thr Lou Ser Lys Arg Mrs Ile Pro 2135214.0 Met Ile Thr Asp Ile
Tyr Tat Lou Gls Asp Hit Arg Lou Giu Asp 21.5021592160 Thr Thr His Lou
Gin Phe Ala Pro Ace Ala lie Ass Thr Asp Sly 21652170 Lys Asp Set Gis
Lou Lys Gis Lou Ala Vol Sly Asp Lou Asp Lys 218021852.130 Tyr Vol Asp
Ala Lou. Vol. Asp Tyr Ser Lys Gin. Sly Met. Lys Pho 219992002205 Ile
Lya Val Gin Ala Gin Lys Val Arc Asp Set Ga.:2 Sex Thr Lys
221022152220 Gin Sly Lou Gin Thr Ile Lys mu Tyr Vol Asp Lys Ph:a Ile
Gin 222522909993 Ser Lau The Giu .Gen Lys Giu G19. Tle Ile .Arts Tyr
Gly Lem Trp 22402252250 Sly Val Gre Tnr Ala Lou V3;ru: Lye SAr Lou
Ala. Ala Ara Lou Sly 225522992265 His Glv Thr Ala. Phe Ala Thr LeG Val
Val Lys Tap Lieu Aia She 227022752290 Gly Ply Giu Thr Vol Sex' Ala His
IleGlr, Val Ala Val Asp. 229522902295 Lou Val Val Tar: Tyr Tie Ile Aen
Lys Pro Set Phe Pro Sly Asp 290023052310 Thr Gan Thr Gin Gin Glv Gly
Ar:g Arg Phe Vol Ala Sea Lou Phe 231523202325 Ile Per Ala Lou Ala Thr
Tyr Thr Tyr Lye Thr Try Asp Tyr Asa 293978852340 



234523502355 Ala The See Ala Lea Lys Leu. She Thr Pro The Peg Len
Gin Set 236023652370 Val Val Ile Lea Sex See The lie Tyr Lys The Tyr
Lee Sex r 237523802385 Arc; Lys Giy Lys See Asp Gly Lea Len Ply Ths
Pip TIca See Ala 239023952400 Ala Met Gin Ile Lee Ash Gin Aso. Pro
11e See val Sly lie See 940524102415 Val Melt Les Sly Val Oly Ala. Ilo
Ala Ala Rix: Ace Ala Ile Gin. 242024252430 See See Glu Gin Lys Arg Tthr
Let; l-,'sx Met. Lyre Val She Pal Lys 24352440 ASS She Les Asp Gin Ala
Ala Thr Asp Pier Len anLys Gin Ace. 24E024552460 Pro Gin layxs Ile Ile
Net Air Lea She Gin Ala Val Gin The Ile 246524702475 Act; Pro Len P.rag
Lea Ile Tyr His Len Tyr Gly Val. Tyr Tyr 248024852490 Lys Gip Tea Gin
Ala Lys Gin Lea Ala Gin Lys The Air Ply Peg 249525002505 Act; Lea She
Thr Lee Ile Met She Gin Ala She Gin Lea Lea Ply 2E2:02.5152520 Met.
Asp See Gin. Ply Lys Ile Arg Pen Lea, See Sly Ace Tyr 252525322535
Len Asp Lea Ile She Ash Len His Ace; Lye Lea Ass Lys Gly Lea
254025452550 Lys Lys Lea Val Lea Gly Trp Ala. Pro Adcl Pro Les Ser.
Pyre Asp 255525602.565 Trp The Pro Ser Asp Gin Arq Ile See Lea Pro
His Acre Area Tyr 2571)2590 Lou Arg Val Gin The Arc; Cys Pro 'Sys Gly
Tyr Gin Met Lys Ala 259525E02595 Ile Lye Ann Pal Ala Sly Lys Len The
Lys Val. Gin Gin Lys Hay 260026052610 Ser Phe Lee Cys Aarg Ann A;;;
Lfiex Gip Aro Lila Pro Pro Ti.x:e rate 261526202625  Vel Ala Are Len Gin
Gly Gin Val Asp Len Tyr Tyr Lys Siy Val 264526502655. The Ala Lys Len
Asp Tyr Ann Ann Gly Lys Vel Len Len Ala The 266626652670 Ann Lys
Ten Gin Val Asp Has Ala Phe Leo The Asp Len Val Lys 26752GOO2685
Lys His The Cly Ile Sly Phe Lys Gin Ala Tyr Lon Gly Asp keg
2.69026952700 Pro Asp His Gin Ant? Leo val. Asp Are Asp ens Ala The
Ile Thr 270527102715 Lys Aso Ser. Val Gln. The Len Lye Met Lys Lys Sly
Oys Ala Phe 2.7202725.2220 Tbx Tyr Asp Lou The Ile Her Ann Leo. Val
Are Len lie Ain Teo. 273527402745 Val :His Lys Asn Aso. Leg Cln Gau
Arg Giu Ile Pro Thr Val The 27508755.2750 Val ThT Thr Tip Lon Ala Tyr
See Ph:: Val Ann Gin Asp Len Gay 27702775 Thr Ile Lys Pep Val Len Giy
Gin Lys Val Ile Pro Gin Pro Pro 278027858790 Gin Gig Len :Ser. Las
GaT3 Pro The Val Arg Len Val Thr 2;thr. Gln. 279523002805 The Ala Ile
The Ile The Gly Gin Ala Gin Val Met The The Sly 28.1028152820 Ile The
Pro Val. Val Gin Met Lys Gin. Gin Pro Gin Les Asp His 282528202825 Sin
See The The Len Lys Val Gay Lem Lys Gin Sly Gin Tyr Pro
224028458850 Sly Pro Sly Val Asa Pro Ann His Len. Ala Gin Val Ile Asp
Gin. 285528602865 



Lys Asp Ann Aeg Pro Phe Val Lon Ile Ile Sly Ann Lye Sly See
251028752686 The See Asn Arg Ale Asp The Ala. Lys Ann Ile Arg Len
Tyr. Lys 288528902295 Sly Ann Aso Pro keg Gin lie Are; Asp Leg Met
See Gin Cly keg 2,9002905 Ile Len The Val Ala Len Lys Gin Len Asp Pro
Gin Len Lys Gin 29152920292.5  Lau Val Asp Tye Lys Gly The One Len
Assn Leg Gin Ala Len GIs 292029352940 Ala. Lev See Lau Gly Lys Pro
lie Lys Ars: Lys The The The Ala 994599592955 Net Ile Leg Leg Len Ile
Gin Pro Gin Val GIL: Gals Gin Leh Pee 296029652970 Asp Trp Phh Gin
Ida GIs GIL: Pro Len Phe Lhu Gin Aaa Lys Ile: isfy29802995 Gin Ash Asp
Len Tyr His Leh lie Gly See Val Asp See lie Lys SSSO29953000 See Lys
Ala Lys Gin Len Giy Ala The Asp Len The Lys ale Val 300530102J015
Lye Gin Vhi Gay Ala Leg The Tyr The Met. Lys Les See See 'rep
302030253036 See The Gin Val The Lys Lys Gin Met Sear Lev Ala Pro
Lau Ohs 303510403045 GIs Glu Lev Leh Len Lys Cys Pro Pro Cys See
Lys ilh Ser Lys 305030553060 Glv His Met_ Phi See Ala Tyr Gin. Len Ala
Gan GAY Ash Tip Sin 306530703075 Pro Lea Gly Cys Gay Val Tye Met
Gly The Ile Pro Ala arq Ansi 303030853033 Len Lys Ile His Pro Tyr Giu
Ala Tyr Les Lys Len Lys Gin Len 303531003105 Val Gin teal GIs_ Car ser
Arg Ala Thr Ala Lys Cis See Ile 118 311031153120 Are GIs als Ash The
Tee Ile Leh Leg Lys Val Leg His Gin Lily 3125G1303135 Ash. Les Ass
The Lys See Met. Ile Ass Pro Gly Lys Tia See Asp 314031453156 Gin
Len Cys Mrs Asp Gly His Lye Leg Ash lie Tye Ass Lys lie 3155316oale:5
Tie Gly Sar The Mat Ala See Ala Sly Tie ..Mrs Les Gin Lys Ihs
3'i7037753190 Pro Val Val Are Ala Gin The Asp Phi: The See Ohs H58
Gin Ala 218531S037S5 Ile Leg Gin Lys Ile Asp Lys The Gin Len Lys Gin
The Pre Gin 3700?A052210  2215322035'35 Gin Lon Lys Glu Ser Tyr Asp
Gip Val Ger Trp Glu Gin Len Gin. :230323532AG Ala Gly Ile Asn Arg. Lys
Giy Ala. Ala Gly Tyr Len G.h:Senivs 321532:e03255 Ass lie Giy Gin Val
Les Asp Thr Gin Lys RLs lie Val Gin Glr 326032653270 Len Ile Lys Asp
Les Asp Lys Sly Lys Lys Ile Asp Tvr Tyr Gin 32753230 Tbs. Ala lie Pro
Lys Ass Sin Lys Arg Asp Vel Ser. Asp Asp Trp 329022932300 Giu Ala Sly
Gin Phe Val. Asp Gin Lyn;. Lys Pro Asp Val Tie Gin 33053310ggTh Tyr
Pro Asp Ala. Lys Val Asp Len Ala Ile Thr Lys Val Met Tyr 3320832133330
Lvr'Trp Val Lys Gin Lys Pro Pei Veti Ile Pro Gly Tyr Gin Gly
333533403345 Lys Thr Pro Len Pie Asp Ile Pie Ass Lys Vs.]. Lys Lys Gin
Trp 335033553365 Asp Per Pie Gin Asp Pro Val Ala Val Ser Pie As, Thr
Lys Are 335533703375 Trp Asti Thr Gin Val Thr Per Arg Asp Len Met Les:
Iie Lye Asp 333033553390 Lie Gin Lys Tyr Tyr Pie Lys Asp Per Ile His Lys
Pits Len Asp 335534003403: Tbr Ile Thr SlA His Met Val Gin Val Pro Val
lie Thr Ala Ass 341034153420 Gly Gin Val Tyr Ile Asp Ass Gly Gin Asp
Gly Per Gly Gin Pro 



342534305435 Asp Thr Ser Ala Giy Asn Per Met Len Ass Val Len Thr Met
Ile 3440:4453.450 Tyr Ala Pie Sys Lys Ser Tbx Gly Ile Pro Tyr Arg Sly Pie
See 3.45534603465 Arg Val Alp Arg lie His Val Cys GTy Asp Asp Gil Pie
Len Ile 347034753480 Tie Gin Are Gly Lee ray Len Lys Pie Ger siu Lys
Siy Met Gin 348534903 9 5 Ile Len His Gin I-Ua Sly Lys Pro Can Lys Ile.
Thr Gin Giy Asp 35003510  Lye Met is Vol Ala Tyr Arg She Giu Asp Ile
Giu She Cys Sea 251535203525 His Thr Pre Vol Pro Vol Arg Tap Ala Asp
ton Thr Sea Ser Tyr 35303:5353540 M..coo Ala Sly Aag Seas Ttr Ala. Thr
Ile Lee Ala Lys Mettle, The 3.54535503555 Arc: Lou Asp Ser Sea Sly Giu
Arg sly Ser Tha. Ala Tyr Pie Lye 356035653570 Ala Vol Ala She Sea Phe
Lee. Lee Met Tyr. Sea Trip Asn Pro Vol 357635303585 Vol Arc Arg Ile
Cys Lea Lou Vol Lou Ser Gin She Pro Pia Ile 359035953600 St.' Pro See
Lye Aah The Ile Tyr Tyr Tyr Sin Gly Asp Pro lie $60536103615 Ala Tyr tag
pau. Vol Ile Sly Lye Can Leo Cys Pie Lee Lye 3620162536230 Arg The
illy She Pie Lys Lee. Ala Gly Len ten Lou Sex Met Thr 363.536403645 Thr
toasty Ile. TIT The Lye His Thr See Lys Arcs Lev Ile Gin 36501655.3660
Ala Cys Vol Glu lie Ply Lys Arcs Slo Ply Thr Trp Lea Vol Aso
366526703675 Ala Asp At; Lou Ile tie, Sly Lye ma Ply Lye She Tye Ile Pro
362036853690 Sex Thr Ply Vol Thr Lou Lee Sly Lye His Tyr Gall Sara Ile
Aen. 369521003225 Lau Lys Gin Lye Ala Ala Gin Pro Pro Ile Pie Sly Vol
Asp tag 2710 37153720 Tyr Lys Lee Sly Pro Ile Vol Aen Vol Ile Lee Arg
Arc.; Lee Ar9 372522303735 Vol Met Lee Met Thr Vol Ala Sea Sly Sea
:HT 27403745 <210> 13 <211> 13 <212> PAT <213> Artificial. sequence
s.400> 13 Per Lou His. Sly Ile Tap She Glo Lye Ile Cy8 Thr Ply 15l0
<210> 14 <2114 20 0212> PRT <213> Arisitlnial sequence 0400N -0400>
14 Leto Gln Arg His Giu Trp Ass Lys His Gly Trp Cys Ass Trp she His 5i5
Ile Glu Soo Tvp 20 4210) 17 <211= 20 <212> PRT <213> Artificial
sequence BVSSV 4400= 15 L.eli Gan Arg ewe c1,,1 Trp Prim Lys; HISTrp
Gyr) 'As> Trp Tyr Asr, 510IS Ile. Gin Pro Trp ^, V <220> 14 <211> al
<212> PRT <213> Artificial. sequence <till= 16 Ser Lee His Sly Ile Trp Pro
Cln he Ile Cvs 1510 c.210, 17 <211> 12 <212= SIC cia> Aonifiolal
sequence SVhV 



<4004 17 Arn His Gla Tip Ass Lys His Gly Trp Cys Ass. Trp 5lo 42104 18
<C414> 4 <21:24 PRT 4213> Pctiofiqial sequence B:VDV  Met: Gin Len
Pbe c210i 10 <fili 6 <212> PRT <213> Altifitfill sequence ;WM'  400> 19
Met Gin ie Phe SeT Ann 5 c210t 20 <211> 7 <212> PRT <213> Artificial
sequence BVDV  4GO> 20 Met Gin Len Eqm.3 Per Ass. Gin 5 <210> 21
<211> 8  212> PRT <213> Axtificial cequence Fi70V <43iii 21 Met Gin
Len PEe Ser Ann Gin Len 5 <210> 22 <21-i>9 <212> PRT <213> Artificial
sequence 3-,t122 <400> 22 Met Gin Len Phe Set Ann Gin Len. Len 15
<210> 23 <211> 10 <212> OPT <213> Artificial sequence BVCV <430>
23 Met Gin Len Phe Per Ass Gin Len Len 13.fr IL  <211> 11 <212> PBT
<212>bB.quenhe Bylihr <42C> 24 MeL Gah Lee Pbe Sex Ass Giu Lee
Lc.ibi Tyr Lye 2.av <210>29 4211> 12 4212> PRT <213> Artificial
bequebce P>BDV <44404 25 Met Gib Lee Phe Set Asa Giu Leh Lea Tyr
LYS Thr 510 <210> 24 <2aa> 6 <212) PRT <2134 Artificial sequence
BVDV <400> 26 &hr.' Ass Gab Sly Set Lys 15 <210>27 CIL> 6 <212>
PRT <213> Brtificiaa. heqbenhe BVDV <400> 27 See ASp Gib Gay SBr
Lys 210.:,28 <211> 9 <212> PRO 4.234 Artificial sequence BVDV <400>
28 Met Cab iz3e.r Asp Gin Gay Set Lys 



42104 29 <211> 11 b2124 PRO :2134 Art-Afield sequence EVDV <4140>
29  Met Gat Lep. Phe Per Per Asp GM Gly Sec Lys 10 4210> 30 <211>
13 <212> PAT 4:21::34 Art4z.fic:Lal sequence <400> 30 Met Gin Len Phe
Ser Asn Gin Per Asp Pia Ply Per Lys 510 <210-4 41 <211> 14 4.212>
PAT <212> Artificial. sequence ;RI= <41110> 31 Met G113 Let Phe Ger
Asn Gin Leu. Per Asp, Gin. Ply :er Lys 151015 42104 32 <211% <212>
ART <213> Artificial sequence EADV Met G141 Len Pte. Per .A:4,n. Gan
Len Len Per Asp Tin Gay Per Lys 510 pp 4.210> 33 <211> 16. <212>
PRI' <212> AmM:iciol sequence BVIMT <400> PP Met Ole Lev Phe Per
Ann Gan Lim.% Len Tyr Per Asp Gin Gly Per Lir8 1015 4210-4 341 <211>
1'7 <212> PAT <213> Artificial sequence BVIAT <441'4> 34 Men Gin Len
Etc Ser Ann Can Leu. Len Tyr Lys Per Asp GIB. Ply 1510 4, Lyz  <210>
35 <211> ia <212> PRT <21> Artificial sequence BYTAI <400> Sii Mot
Glu Len She Ser Asn Gin Leo Len Tyr Lys Thr Ser Asp Gin (by 5, ft >o15
Shr Lys ,220 24 <211> 12 <212> PlaT <LIS> Artificial sequence B717Y
<400% Sh Mel Sin Lash fie Sex Asp Gio. Leo Leo Tyr Lye Thr 10 <210>
37 <211> 12 <212> PRT <213) Artificial sequence HVDV <4nO> 37 Met
Sip Len lie Thr Ann Gin Leo Len Tyr Lys Thr 5 <210> 38 <211> 12 <212>
PRT <217a Artificial sequence BVDV <400> 35 Met Gin Len Ahn His Phe
Gin Leo Len Tyr Lys Thr 15 <210> 39 <212% 21C <213> Artificial
nequench FOIGv <100> 39 Met. Gin Len Ann Lys Pne :`rlu Leo Len Tyr
Lys Thr 15 


