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| NHI BI N COVPCSI TI ONS AND METHODS OF USE THEREOF In the Title This is a
cont i nuat i oMoissRpesot of U.'S. Patent 15 Appl i cation SeripdTAI995/02795
08/ 202,964, filed February 28, 1994. Field of the Invention The present

i nvention relates, in general, to a nmethod of accelerating the onset of:
puberty in avians, nore particularly 20 in ratites and

pstttaci formes, by adm nistering a heterol ogous protein conprised of

. inhibin protein, or a fragnent thereof, and a carrier protein. The present
cinvention also relates to a nethod of increasing egg production in aninmals,
' note particularly in birds, and nore particularly in ratites, by

i adm nistering a 25 . heterol ogous protein conprised of inhibin prot-ein,
- or_a fragnment thereof, and a carrier protein. The present invention further
- relates to a heterol ogous protein conprised of inhibin protein, or a
fragnment thereof, and a carrier protein, and a nethod of producing the
heterologdﬁs protein, wherein the inhibin is either 30 fused with or
conjugated to the carrier protein. Background of the Invention Ratites are
flightless, generally large, running birds, conprising several orders

~including the species Gstrich, Emu, 35 Rhea, Cassowaries, and Kiw s.
An emu (Drom cei us novaehol |l andiae) is an Australian ratite bird which is
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characterized by rudinentary win s and a f eat hered head and neck. An
average allilt enu is approxi mate N COMPOSIEIQNS approxi matel y 150

- pounds. An ostrich (Struthi q\mm S OF %ESE'"THEREOY W th smal |
wi ngs and, thick 5 powerful legs. A standard adult ostrich is

~approximately 8 feet tall and wei ghs approxi mately 325 to 375 pounds. The
~term"rhea" is thelnothenTitlee for nmenbers of the avian order :

This is a continuation-in-part of U.S. Patent
15 Application Serial No. 08/202,964, filed February 28, 1994.

.. - The present invention relates, in general, to a method
of acceleranng the onset of puberty in avians, more particularly
20 - in ratites and psittaciformes, by administering a heterologous
protein comprised of inhibin protein, or a fragment thereof, and
a carrier protein. The present invention also relates to a method
of increasing egg production in animals, more particularly in
. birds, and more particularly in ratites, by administering a
25 heterologous protein comprised of inhibin protein, or a fragment
thereof, and a carrier protein. The present invention further
relates to a heterologous protein comprised of inhibin protein, or
a fragment thereof, and a carrier protein, and a method of
. producing the heterologous protein, wherein the inhibin is either
30 fused with or conjugated to the carrier protein.

B nd of Inventi
Ratites are flightless, generally large, running birds,
comprising several orders including the species Ostrich, Emu,
35 Rhea, Cassowaries, and Kiwis. An emu (Dromiceius
novaehollandiae) is an Australian ratite bird which is




Rhei fornmes. Rheifornmes are an order of South Anerican running birds, called
American-ostriches, which differ fromthe 10 true ostrich in their

smal | er size, feathered head and neck, and three-toed feet anong ot her "
f eatures. woesemsoi ch and enu have | ong had a conmerci al valrersysoEBsr i
natural environments of South Africa and Australia, respectively.. Gstrich
products have been in demand for nore 15 than 100 years, and a - -
substantial worldw de market exists for their 2hides, neat, and feathers.

For exanple, ostrich |eather is used in boots, handbags, jackets, attache
cases, wallets, and many other articles. Ostrlch feathers are used in
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be breedil¥g pairs. years, and a substanti orl wide market exists
. their hides, meat, and feathers. .For example, ostrich leather is -
used in boots, handbags, Jackets, attache cases, wallets, and many
‘other articles. Ostrich feathers are used in fashion, costuming,
and in feather dusters. For example, ostrich feathers are sold in
20 Europe for approximately $60 to $1,200 per kilogram of -
feathers. Also, ostrich feathers are considered to be "dust
magnets” and are therefore in high demand in computer and
automotive industries in the United States and abroad.
In contrast, the emu is a relative newcomer to the
25 market place. It is valued for the same products with the addition
of an essential oil that is used in the cosmetic industry. Emu oil,
rendered from a thick layer of subcutaneous fat has deep
penetrating properties which make the oil useful in cosmetic
creams, such as, wrinkle retardant emollients. Also, possible
30 medicinal uses for emu oil, such as the treatment of arthritis, are
currently being investigated. A typical full-grown emu can
~achieve a height of 1.6 to 1.9 m or more, and weight 30 to 45 kg
or more. Emus mature at about one year, and pre- and post-
pubescent emus never show gender specific phenotypic
35 differences. Similar to the ostrich, the emu population in the
United States has also experienced explosive growth within the



There is a grow ng denmand for ratite products in several countries,

I ncl udi ng Australia, Belgium Israel, Canada, the Netherlands, Nam bi a,
Sout h Afri sep9mzpdsi nbabwe. Accordingly, over the past sever alcrygskmziober e
has been expl osive 10 growth in the domestic nmarket for ostrich and
enu, and to a lesser extent rhea. In the last five years, the nunber of-
breeding ostrich pairs and total bird numbers 4n the United States has

i nereased 7.5- and 20-fold, respectively. It is estimated that in 1995
200, 000 ostrich, i ncI ud| ng 20,000 breeding pairs, will exist 15

the United Stat d
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3 grams of fat, 73, imals 158" the sxgm%an(f alue” of a&uﬁé,ge fell as
SR . ' immature animals, and espec1ally for proven breeding pairs of
ostrich which are valued as high as $75,000.00, with an emu pair -
valued at $30,000.00 or more. Immature ostriches at three to
20 four months of age are valued at approximately $7,500.00, and
immature emu are valued at approximately $5,000.00. A
majority of the animals are purchased between three and six
months of age.
Further, there is tremiendous interest in ratites as an
25 alternative to more traditional forms of animal agriculture.
Several factors relating to ratites make them a superior
alternative to the more traditional forms of animal agriculture
(i.e., beef cattle, swine and sheep farming). These factors
include: superior feed conversion ratios, a greater ability to be
30 intensively farmed, large animal size, enhanced reproductive
capacity, and exceptional nutritional value of their meat.
For example, ostrich meat, which is a red meat
resembling beef, contains significantly less fat, calories, and
| cholesterol than chicken or turkey meat. More particularly, an
35 - 85 gram portion of Ostrich meat contains 2 grams of fat, 58 mg
of cholesterol, and 97 calories. In contrast, an 85 gram portion



portion of beef (steak) contains 15 grans of fat, 77 ng of 5
chol esterol, and 240 calories. And finally, an 85 gram portion of pork
of fat, 84 ng of cholesterol, and 275 cal ogies. (Val ues .

contains 1

for. ostri cﬁv%@%\ere derived from AVMBI Quality Laboratory REGOMS93N2795
0800100. Values for the other neats were derived fromU. S. D. A Handbook No.
8, "Nutritive 10 Val ue of Foods".) Simlar to the ostrich, enmu neat
ista lowfat red neat. More particularly, a 100 gram portion of enu neat -
contains 1.7 g fat, 57.5 ng chol esterol, and 109 cal ori es. (VaI ues for enu

meat were derlvedfrom il1iker Laboratories o | nc,
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PCT/ US95/ 02795 5 Clnegntly, the demand for ratites far outweighs the

15 Also, ratites such as ostriches provide approximately

,.-100 pounds of meat at the age of 12 months and therefore
produce a substannal amount of meat m a relatwely short period

of'time. |

An 1llustrauon of how ratxtes are a superior
20 alternative to the more traditional forms of animal agriculture is

the following comparison of an ostrich and a cow. First, an

ostrich has a gestation and incubation period of 42 days, wherein

~ a cow requires 280 days. Second, an average ostrich produces

" more than 20 offspring per year, whereas a cow produces one

25 offspring per year. Third, the feed conversion ratio of an ostrich

is less than 2:1 whereas the feed conversion ratio of a cow is 5:1.

Fourth, the days from conception to slaughter is approximately

407 days for an ostrich in contrast to 645 for a cow. Finally,

ostriches produce feathers in addition to their meat and leather,

30 whereas cows do not produce products other tha- meat and
leather. :
Considering these attributes, and the increasing needs
of the world population for meat which is nutritious yet low in fat
and cholesterol and which may be efficiently produced with a
35 minimum negative impact on the environment, the ratite industry

has a high potential for future growth.



supply. However, ratite producers are limted by sub-optinmal egg production
I n nost breeding age fenmal es. Dependi ng on the species, nost ratites in
captivity WO9¥980 | ay an average of 10-20 5 eggs per PEFAISOSIMEMEAS
their genetic potential for egg production is thought to exceed over 60

. eggs per year. For exanple, a high- producing ostrich in the wild can lay

- an egg approxi mately every 48 hours during bregding season, and a high

_ produ0| ng emu in the wild can lay an egg approximately every 72 hours in

. breeding 10 season. In contrast, an ostrich in captivity often takes

5 to 10 days to lay an egy, Quiremtlgythefdemand fsr fafisf ﬁtﬁ/@rg
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~primarily produced® t he gonads, and nore particularly by grow ng

fo![I | ;:I es. fI InI malm"ral s, it IuActslaughtes mmkét'lldil faﬁtbtsfﬁ?ﬂbeﬁkl

Pt oy foll el coapnBl Mgl ofibrlaic AR, BHuLed” anh Ey” :

i sol ati ollSwas onl yAceording to:sbme estimatesin ordepdor a slaughter market to

PCT/US95/ 02795 be maintained, there must be at least 250,000 animals available
' - annually. “Therefore, a method of enhancing egg production will

greatly accelerate the growth of the market. Accordingly, there:

is a need for a composition and method of increasing egg

20 - production in birds, and particularly in ratites such as ostriches

~ and emus.

There also is a need for a composition and method of

increasing egg production in exotic birds, such as the

- Psittaciformes. Psittaciformes include parrots, and are a

25 monofamilial order of birds that exhibit zygodactylism and have a

strong hooked bill. A parrot is defined as any member of the

avian family Psittacidae (the single family of the Psittaciformes),
distinguished by the short, stout, strongly hooked beak.

Recently, the hormone inhibin has been studied as a

30 potential means for increasing ovulation in mammals. Inhibin is a

peptide hormone primarily produced by the gonads, and more

particularly by growing follicles. In mammals, it functions as an

inhibitory feedback regulator of pituitary follicle-stimulating

hormone ("FSH") secretion. While inhibin’s existence was first

35 postulated over 60 years ago, its chemical isolation was only

recently achieved.



6 Mammalian inhibin is a dineric protein hornone which is conposed of an
a-subunit. (ol ecul ar wei ght 18,000) and a [err]-subunit (nol ecul'ar weight

14, 000). The Eﬂr4% subunit i s unlque to inhibin as dinmers of the

[err] - subuPio 9523

activin, hor none whi ch rel easesPFEBSIYEMS he
pituitary gland. The [err]- subunit exists in tw fornms (BA and BB), which
are distinct but quite simlar. Therefore, depending on the [err]-subunit

i nvol ved, inhibin exists as inhibin-A or i nhi 6i n-B. Both subunits [err] and

Clerr], mhen joined by disulfide bonds, are required for biological 10

~activity in suppressing follicle- stlrrul .ating hornone ("FSH') secretion from -
' the pituitary. The ami no aci
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the Inhibin Family of Hormones A Review, Hormope Research,
28: 104-118 (1987), which are hereby incorporated by reference.
- In mammals and birds, FSH plays a role in follicular

‘growth and development, while leuteinizing hormone ("LH") is

25

30

3s

believed to induce ovulation. Several brain and gonadal factors
(peptide and steroid hormones) interact to control gonadotropin
hormone release. Of these factors, gonadotropin-releasing
hormone ("GnRH") and inhibin exert opposite controls on
pituitary FSH secretion in mammals. Gonadotropin-releasing
hormone is a brain decapeptide which acts to stimulate FSH and
LH secretion, while inhibin is a gonadal protein which apparently
acts to selectively inhibit FSH secretion in mammals.

A basic knowledge of the avian ovulatory process is
needed to understand the role of inhibin in the endocrine control
of ovulation in birds. Growing follicles on the functionally
mature ovary of the domestic hen exist in a distinct size
hierarchy. A typical ovary contains four to six large, two to four
centimeter in diameter, yolk-filled follicles (F1 to F4, Fg),
accompanied by a greater number of smaller, two to ten
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mllimeter, yellow follicles, and nunmerous very small white follicles. The
| ar gest prwgsb’zaﬁmry follicle (F1) is destined to ovul ate t hRCDEses/a2395 t he
second |l argest (F2) on the foll ow ng day (approximately 26 hours |l ater),
~and so on. The control of 5 follicular recruitment and devel opnent

i wWithin this hierarchy is poorly understood. Pi t di tary gonadotropin

. invol vement has been proven, yet the role of inhibin in the control of

. avi an gonadotropin secretion and_control of ovulation renains unclear.

" recent strategy to imiklireeterocyedow folligless and numermmemnsmplalcvebltaas
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. . _consequence of elevated plasma FSH levels which leads to
~enhanced ovarian follicular development. A variety of antigens
20 have been used as vaccines in studies which demonstrated an-
elevation in ovulation rate of mammals. Some of the antigens
tested in mammals include: recombinant DNA derived fragments
of the inhibin o-subunit (Wrathall et al., Effects of active
- _immunization against a synthetic peptide sequence of the inhibin
25 a-subunit on plasma gonadotrophin concentrations, ovulation rate
and lambing rate in ewes, J. Reprod. Fert,, 95:175-182, 1992;
and Meyer et al., Antiserum to an Inhibin Alpha-Chain Peptide
Neutralzzes Inhzbm Bwactmty and Increases Ovulatwn Rate in
Sheep, Scie c Jou .
30 paper No. 17 103, 1991), synthetlc pepnde rephcas of the N-
terminal sequence of bovine inhibin o-subunit coupled to
ovalbumin (Glencross et al, Effect of active immunization of
heifers against inhibin on plasma FSH concentrations, ovarian
follicular development and ovulation rate, Journal of
35 Endocrinology, 134, 11-18, 1992), synthetic peptide sequences of
bovine inhibin a-subunit conjugated to human serum albumin
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(Morris, et al, Effect of immuni zation agai nst synthetic peptide sequences
of bovine inhibin a-subunit on ovulation rate and twin- calving rate in
hei fers, MOQ9H22980f Reproduction and Fertility, 97:255-261, PS9639s/0a753
partially purified inhibin frombovine 5 follicular fluid (Mrris et
al, Effect of Immunizing Prepuberal Lanbs of Low and H gh Ovul ati on Rate
Geﬂotypes with Inhibin Partially Purified Fro# Bovine Fol licular Fl uid,
Theriogenol ogy. Vol. 35 No. 2; 1991). Despite conflicting data on how

| evel s of FSH 10 ' fluctuated duri ng the ovulatory cycle, in all

" cycling malm"ral shst(Moms, ehahnEﬁeat afl lmmumzatrbnea?'amtomahwtdﬂp?pnde
consistently en arkre??w ?t"?'l‘ eﬁ\m) :
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nction in avi an GPOSRIECIIIOR), 1y pure edp oiﬁn%\gﬁe ave
been rest cted 1 e Shdte] o ] A S ok

20 . Pﬁr ﬁlalngl Edpbis ofobowaanddHéghi @valmton (RM?OQE li\g?ﬂ Inhibin
s s: 1 hens. gl ”W?ﬁwﬁﬁgﬁ%ﬁ&cﬁﬂa?rfwrﬁ_nwm

the control of oviVelidhNat2, br may not be through suppr essi on of

pituitary FSH secretion. ForDE§§ I @0 ctln W%Jv@%@ﬂfk rgfoq:%lng

hens -have been foupd to h a&lﬁr vpg |n ij n "asna
granul osd0cel | | ayldpctust P atqrm gyc SHR L MAMMals

hens, no differ encstuﬂbﬁ,timuhonedtralizaheameﬁub en@h§ 1ﬁ§iﬁlﬁﬁlcﬁ$ﬂ%ﬁkt&hﬂ9 the
ne

Late ol 099 | il oviad TR f‘#ﬂé@h"ﬁ‘ﬂ 3 A Btion tate,

Decrease in Ovul atregardiess iof the antigen cused, ofethe amammaliapaspecies
Endocri nol ogy, 91, ch'ﬁteiged.( 1993). This reference, therefore, suggests that
in hens the ovulation rate- [elated (fhanges in inhibin a-subunit gene
expressi 88 and pl asma s stated above, inhibin involvement in the

regulation .of reproductive function in avian species remains -
unclear. Thus far, published reports have been restricted to the
reproducuve function of inhibin in domestic fowl. The bulk of
this literature supports the theory that inhibin likely exerts
20 _parallel physiological roles in fowl to those documented in
mammals: in hens, inhibin may serve as a regulator of follicular
recruitment and/or development. However, in birds, inhibin’s
involvement in the control of ovulation rate may or may not be
through suppression of pituitary FSH secretion. For example,
25 although low egg producing hens have been found to have higher
levels of inhibin in plasma and the granulosa cell layers of
preovulatory follicles than high egg producing hens, no
difference has been found in plasma FSH levels associated with
the rate of egg laying. Wang et al, Increase in Ovarian a-Inhibin
30 Gene Expression and Plasma Immunoreactive Inhibin Level is
Correlated with a Decrease in Ovulation Rate in the Domestic
Hen, General and Comparative Endocrinology, 91, 52-58, (1993).
This reference, therefore, suggests that in hens the ovulation rate-
related changes in inhibin a-subunit gene expression and plasma
35 immunoreactive inhibin level do not directly affect ovulation rate
' through a modulation of plasma FSH level. Further, in Johnson,




35 i mmunor eactive inhibin | evel do not directly affect ovulation rate
t hrough a nodul ati on of plasma FSH | evel. Further, in Johnson, =~ WO

95/ 22980 WO 95/22980 : PCT/ US95/ 02795'1'@5?5/02#?5,
Inhibin in the Hen, Poultry Science, 72:955-958, (1993), a bovine R A
system was used to successfully assess i munoreactive inhibin in the plasma
of hens, however no significant peak of i mun8r eact i ve inhibin was detected
5. t hroughout the ovul atory cycl e in spite of a preovul atory surge of

LH. Accordingly, the rol e of inhi }? nPfol | i cgl ogene | s LD b| rds remains

uncl ear. RecentlyP Inhibin éngheiHen; dd993) ay

Eleoned gnd quuenAQf‘&vd ﬂéﬁnqamd ok systenen.was Aused %W?ﬂeﬁésﬁ%l asses
oxyri bonucl ei ¢ Aci onin uenceAnalysis o e a-.Subunit o

I nhibi'n from Chi CRWF%& mﬁga i, the fo&‘eﬁépr%‘awgt"%nnow

éo 6, (1993), whlh crsigaificant p Ggaked)ﬂwamnumreaetweermmum masndetwtad15
rpari so t he

subuni t sgquences @Xﬁ‘@&b‘% 8@@@&@&8@1&ﬁgﬁ%@fg‘@;@%ﬁg%?@gg

two isol ated probdsH, cAqeerdingly; the role o éahthlntlﬂao ogenesis in b nlt

I's expressed in Cqbﬁﬁﬁ QuRilean 9ranul osa cel I's but not I n chlcken brain,
ki dney, liver or spleentis

fore e bi ol ogy
of inhibin in birds remai ns 66??6)%&11& &ﬁ}bbu%dof é%ﬁib lﬁ Wiasds
to challenges wt f‘swﬁesﬁﬁﬂl Idlbnbdn udﬂted)een%ﬁ nmandd Johnson,

The sub: 9Bt i mal dg@ﬁr@f“ Honiiel #?49%2%@ ahd Sanss’

what is needed is Anabysioaft thm mﬂﬁalmz odffblhlbmr ﬂnmn@hib&eng@varzan
production of the h&ﬁﬁ' &Qm. > 0 a4gong g
fg R AV ans ne égq)éo eX|sts

met hod for accele ng thne onset or '—u [
for a conposition xarmqequ&edohem rb&éﬁ'ﬁf@f iy its eptirgtya Kiomparisen; t s
lifetime. Al so, thsf ¢he avian dbhibin seg ¥énce to kewh hiimndlidn dnhitifooe.

| mmunol odcal |y r SBRIEseaBeCes, Sho asﬁ i Sor s foniiingy. ; Norfligim blot
conposi tion. Furt ranalysiscusing two 1solated probes (cINA6 and clNA12) revealed
- that the inhibin’ o:-subunit is expressed in chicken ovarian
granulosa cells but not in chicken bram kldney, hver or spleen -
tissues. | ~
20 : - Therefore, the biology of inhibin in birds remains
. poorly understood, and the responses of birds to challenges with
antigenic inhibin has not yet been attempted or monitored.
Accordingly, as the ratite market is substantially limited by the
sub-optimal egg laying rates of many ostriches , emus, and rhea,
25 what is needed is a composition and method for increasing the egg
production of these birds. There is also a need for a composition
and method for accelerating the onset of egg lay in avians. A
need also exists for a composition and method for increasing the
egg lay of a bird over its lifetime. Also, there is a continuing
30 need for a rapid, simple, reliable, cost-effective method for
determining whether a bird has immunologically responded to a
challenge with an antigenic inhibin composition. Further, there
remains a need for a rapid, simple, reliable, cost-effective method
for determining whether a bird is hormonally pre-dispositioned
35 - to be a high-level or low-level egg producer.
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remains a need for a rapid, sinple, reliable, cost-effective nmethod for
determ ning whether a bird is hornonally pre-dispositioned 35 to be a
hi gh-1evel or |owlevel egg producer. WO 95/ 22980

PCT/ US95/ (¥ 9%22980 The need for a conposition and nethod for BGIEY¥89EHE eqgg
production is not limted to birds. There remains a need for an effective
conposi tion and nethod for increasing egg production in many aninals. ‘For
exanple, thereis a 5 continued need f¥} increasing egg production in
nost animals that are raised agriculturally, such as pigs, cows, sheep, and
chicken. There is also a continued need of increased egg productlon in fur
bearing ani mal s such as mi nFhef meedt for, af @ompositionr zandwomeﬁmﬂthe i s

d ds10Th
decorat ?3ZepuPSﬁ?éfs&éﬁhgeé%f?fawg@???ﬁe%?‘qﬁ‘*ﬁ’t‘ﬁ%§°¥‘?}? ;a heee peilins

production is al s® nesg éor @ £ £ COMPYHUHAN and meth L HAGFEASING ch
as exotic or end grﬁfb&w@oﬁsmm ariipgals. eXFbBCéXQﬁl Eheﬂﬁresls‘tuther

a continued need f ncg easi oduction i nlna S use r ng,
15 %nt er t ai FORGRUC é %mﬂgi B’fgcf @‘Pﬁ}r%‘g@“ﬂ(ﬁc}g@*
cats, zoo ani el sarearaised ragm:\dtundlys sueh abpigsopowise s gﬁandoblﬂekends

60 LPLZLEL on”i nIAEHRIC aldtl a Sdiyed B?%érdeﬂ@nr%%éd §§§ duerid i fur'
conposi ti on and nbeamugfaaumaa&rsuﬁbua@ngok, ox, ottey; ferr

Summary of the | Z‘g%l QQIHT ﬁéed%?%th&f* ah;;nﬁgg Wﬁﬁé bm@ t| on
and rrethodfor I N eterooous t.el n co I’ISI

or a frakhent th 3669#!}!%9 £s pr Ispp a Bgl%aﬁﬁomthogofo
fragment thereof,jmreabingvegs bdhcmonrarmdlsen neehlehl o dncrease | thee

I nhi bin. The carrj rotel
bi ndi ng protein OPSB‘(S ngﬁ #’gﬁﬂs lgﬂ%n% ggﬁgksdp %‘ﬁwgpﬁﬂf%i&
carrier protein ito aubmbsthein extingtion. Therepisofurther arcontinuedinepdfor
protein can be eiifigl a'si'ﬁ‘gb'égfoﬂkﬁaﬁb%ﬂo hhefithalse uded! Fob FacinB! Pi N
fused to the carrier
15 entertainment, or showing (competitions) such as horses, dogs,
~ cats, zoo animals, and circus animals. As shown by the increased - -
demands for infertility treatment of humans, there is also a need
for increasing egg production in humans. Accordingly, there
remains a need for a composition and method for increasing

20 ovulation in many animals.

- ~ The present invention is directed to a composition .
and method for making a heterologous protein comprising
25 inhibin, or a fragment thereof, and a carrier protein. The inhibin
protein, or fragment thereof, can be avian inhibin, mammalian
inhibin, or reptilian inhibin. The carrier protein, includes, but is
not limited to, maltose binding protein or bovine serum albumin,
among others. The preferred carrier protein is maltose binding
30 protein.

The heterologous protein can be either inhibin
conjugated to the carrier protein or inhibin fused to the. carrier
protein. The method of producing the fused heterologous protein
comprises inserting cDNA which is encoded for expressing

35 inhibin, or a fragment thereof, into a vector which contains
coding information for the production of a carrier protein. After



protein.

I nserting cDNA which is encoded for expressing 35 I nhi bin, or a
fragnment t¥weresme2980i nto a vector which contains codi ng i nfor npciraseesret he
production-of a carrier protein. After WO 95/ 22980
PCT/ US95/ 02795 11 inserting the vector into an expression system the fused
~ heterol ogous protein is expressed by the systldm Preferably, the

. heterol ogous protein is conprised of ratite inhibin, such as ostrich
emu inhibin, 'and rhea inhibin. 5 The present

i nvention is al so msemngd the zectohamtof amcemsnmmgsyslmﬂu%eorfu'séd

venti on whi cn camierobg8lss ichbicl 1 eRblEsBYY ihe MBlei Breleriny g

“ i nhi bi n,

carrier pI‘OtEI n.

Pr ot qistritR iARibIR, 'E?ﬁuiﬂﬁiglhhﬁhd%ﬁa%ﬂﬂﬂfﬂ'on in the anim

Preferably, an i nol o
gai nst the protein %nlﬁ tad tp eamethed ofse

" the 10
i ncrease

. directed §

produced by the a

d

sc(pfpmgegs acemprised  of) ratiter inhibinge smdurais

fesponse [S in the ani mal

~whi.ch occurs in tfincmzs? dﬂucﬁo“mm adimald Wdth@ﬁdnﬁhiiﬁ'ih ¥fehe

egg production |n
and bi r dahibintprotein;ton a fragment thereofyland a carties protdiad The

i ncreases egg pro

‘reptiles,

rhea. 20
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met hod ofQaccel er PIPHRID: R %hé, eggapm;lmwommd;ha:anma%us
the step of admi nijtredsed. aPr@Fei'SSIy,Vﬂ «iﬁﬁhﬁho!?é%l%al“i“? &9%& 1 ¢he
VI%H i nhibi n telrn ment t eof

conprising al pha- |nh|b|n
a carrier protein; animal

gd, againgt. Hhey proseia. Mor cpEsferab , dbe

is accelerated i nmnnuhoﬂdglc‘ﬁiemspmfsﬁ whichntocourssin the dniasdleis taﬂsé

- met hod of i ncreasHigeI&& tﬁg ) ﬂﬁ? %ﬁ leqj ef Dlgﬁ@?&%ﬁ%&é}@%

~femal e bird
het er ol od®us pr ot éf-‘-ﬁ @Sﬂﬁusllﬁblhmﬁ

30
‘that

mﬁthOdvxmeam egg produstion in

fragment féﬁﬁlé%hnﬁlﬁiuﬂuéﬁrﬁrbahcéﬁﬁhﬂbﬁ, shehas’ fifmalk, rdphiks]
and birds such as ratites. More particularly, this method

20

25

30

35

. increases egg production in female ratites such as ostriches, emus,

and rhea. .
' The present invention is also directed to a method of
accelerating the onset of egg lay in a female bird, comprising the
step of administering an effective amount of a heterologous
protein comprising alpha-inhibin avian inhibin protein, or a

The net hod of producing the fused heterol ogous protein conprises

of
| is

ses

g

and .
| ay

f a
a

fragment thereof, and a carrier protein, to a female bird such that

the onset of egg lay is accelerated in the bird. The present
invention is also directed to a method of increasing the number of
low cholesterol eggs produced by a female bird, comprising the
step of administering an effective amount of a heterologous
protein comprising alpha-subunit avian inhibin protein, or a
fragment thereof, and a carrier protein, to a female bird such that
the bird produces a greater number of low cholesterol eggs. The

present invention is also directed to a method of increasing the -

lifetime total egg lay of a female bird, comprising the step of
administering an effective amount of a heterologous protein
comprising alpha-subunit avian inhibin protein, or a fragment
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the bird produces a greater nunber of |ow chol esterol eggs. The present

I nvention is also directed to a nethod of increasing the lifetine total egg
lay of a fermale bird, conprising the step of admi nistering an effective
anount of WOI9S22988] ogous protein 35 conpri si ng al pha- sRETHFIS2¥an

I nhi bin protein, or a fragnent WD 95/ 22980 ) .

PCT/ US95/ 02795 12 thereof, and a carrier protein, to a female bird such
that the lifetine total egg lay of the bird 2 increased. The present
~invention is further directed to a nethod of producing antibodi es directed
- agai nst the heterol ogous protein 5 of the present invention.

General ly, the netthereof, an@chjcnargeanprmesodarfemate died rsuch fthat the

. het er ol ogous prot i ve amount of a
- het er ol ogous prot 3*‘%“@3%?. Si %gaﬂ?h%lﬁinégﬁ aﬁ&%éﬁegffragrrent t hereof, and
"a carrier protein, to an ani Ha¢ present:invension isfitheydirected spanmethodur s
10 in the a thu,

sanpl e is_obtai ne%ﬂﬁgﬁ%gg?rﬂﬂn& Egtﬂj Oﬁ E)(tjllspéegle I r % egs?rglﬂﬁgt

i nhi bi n afe i sol attfothe DFEseRt IBYERLION. ¢ vs rB'EP cmse
anti body is isol ataﬂ:ﬁddaestdmew nSthﬁnblhudr@wgdts proteiascomprrive

oroteln (o separ aAdiisEHAEoHE % Wﬁeagi%ﬁf%% ﬂ%?%lﬁg%hs Biﬂ{e%” o
:‘g\r/egtelt gprr: ?“ gu r ecnmnpnsxmg inhibin protp ®, or & fragment thereof; and aecamdrog
hi gh-1 evel or go fow—@n@ﬂ Fq&ﬁ 2%2:;?% ﬁhmgﬁgg‘?%kgfk&é ri se%fclﬁ%
det er mi nilflg t he adButhe @nt |4ﬂﬂ4“g € 3591%9%MF31% ext,sa blood
correlated to the ' izdobtained fionbile animal! #6d aheftantibodies! directed

of an ani mal - com® “%gagt it BoP iBCusnEd ORI Rl A she g Emple
and contacting t hd’ﬂelfetxblyadm antibodyais isolated fromntheé seium oﬁahe zbleod
_ :ngr;: ]:al |C§| lc)c/)n?:arcte Pf%qbﬂﬁ gtiﬁga ?E#enﬁ,m W gglﬂﬁc'lgn&?;??cns %hl ch
al | ow t hdSant i bodeffthbV%mmSeO thﬂtm mqtqmaﬁ@ Wnﬂlﬂw tibedy
~present in the sarfgdf the¥erumni nt eract ed W
. Further, the present invention is du'ected to a rapid,
simple, reliable, cost-effective method for determining whether
an animal is hormonally pre-dispositioned to be a high-level or
20 low-level egg producer. The method comprises determining the
amount of inhibin produced by an animal, which is correlated to
the egg production capability of the animal. Briefly described,
the method of determining the quantity of inhibin in the blood of
an animal, comprises withdrawing a blood sample from an animal
25 and contacting the blood sample with anti-inhibin antibodies that
are specifically directed against the animal's endogenous inhibin.
The blood sample is contacted with the anti-inhibin antibodies
under conditions which allow the antibodies to selectively interact
with any inhibin that is present in the sample. Next, uninteracted
30 antibodies are removed from interacted antibodies, and the
quantity of antibodies that are interacted is determined..

The present invention is also directed to a rapid,
simple, reliable, cost-effective method for determining whether
an animal has immunologically responded to a challenge with an

35 inhibin composition. Briefly described, the method comprises
binding inhibin or the heterologous protein of the present




30 anti bodies are renoved frominteracted antibodies, and the
quantity of antibodies that are interacted is determ ned.. The present

i nventi on "0 a$/22980li rected to a rapid, sinple, reliable, costrcaiiseshrres
‘met hod for determ ning whether an anima] has i munologically responded to a .

- challenge with an 35 I nhi bin conposition. Briefly described, the-

- met hod conprises binding inhibin or the heterb:fogous protein of the present
1 WO 95/ 22980 PCT/ US95/ 02795 13

" invention, to a solid phase, dhotatln the immbjlized inhibin with a
sanpl e of blood frHW& Q&ﬁprﬁaﬁ é edh cponmtlsg@%mmobdmwiu&dbmth

- the inmobi | ized i niwith & satsle 60blodd FromMiRs ahimhl fo behiclted Wte le

. selectively interact t.h nhLblnE b smtamp :

| sanple. After remo¥d %QIRFE&%PX&%J‘S&%& éléz?ﬁlo'n‘ﬁp énsH et, canélmwy

- of | abel ed anti bodixhereimthe inhibindvibiseiectivelyhimeractiwitht sy aati-iiiHibin

- class of the first nt i es
whi ch are %l rect edag{giglgﬁis?ssltlﬁ{eﬁ an %ﬁéawm&%m& %dg’

interact with the from the sample qiiquanitycof bﬂbdmnnbodlehdmmmstcmw

- bresence ’QﬁtSLaﬁ???ﬁﬁWf‘i’]‘%‘;‘?‘am %ﬂga ?Eg. ¥ the B aninifr's
visualizing the | a ﬁasﬁ@t h EQ&; %%@ﬂ%l&ham dirested v

of antibodies dir eagmhsadze animahbnﬁbodies wmllitheﬁ@electivélﬁnteract wiflf tigd or e

aam ni st on of SOBRSS I HATHBRATLD fod, BRRROB e inhibin, Afeer they,

obj ect of the presmmowal/@fftMunmquaotadelabeledu annbodrqsoaheu presencehor

| nduces an i munol gghfdk ﬁ interacfex Tabel b
d tration to qaandty’ % ﬂ?h@e Tiiped by
_ ?n\r?ezltlso:]at IOOBI’O\C/)I H{; mhgbﬁla ano emr h ec ngqaenceland or

a frag{nent thtereof umﬂ @fra:ﬁibdthekedmcﬁe‘d ag ar?lsftlihhitﬁh ﬁ?hﬂcénﬁx;mf
" presen rqrventi on C 0Sl rl Si us
heterol o us protel?‘F % 985&3?" %?n a’n% a&"ﬂagg lglg,gloglp
al so an object of resp o ihwadmnnstmtmm\ofda composmon compnsmg

inhibin.
Accordmgly, it is an object of the present invention
. to prov1de a inhibin composition which induces an‘immunological -~
20 response in an animal upon its administration to an animal.
It is yet another object of the present invention to
provide a heterologous protein comprising inhibin protein, or a
fragment thereof, and carrier protein.
_ It is a further object of the present invention to
25 provide a composition comprising a fused heterologous protein
comprised of inhibin, or a fragment thereof.
It is also an object of the present invention to provide
a method for producing a heterologous protein wherein one of
the proteins is comprised of inhibin, or a fragment thereof.
30 It is another object of the present invention to
provide a method for producing a fused heterologous protein
wherein one of the proteins is comprised of inhibin, or a
fragment thereof. '
It is further an object of the present invention to
35 provide a method for producing a heterologous protein



a nmethod for producing a heterol ogous protein wherein one . of the proteins

. is conprised of inhibin, or a fragnment thereof. 30 It is

.~ anot her object of the present invention to provide a nethod for producing a
fused het e 25R2080 protein wherein one of the proteins is coRpTUSes02TDS

i nhibin, or a fragnent thereof. It is further an object of the present .

invention to 35 provide a nethod for producing a heterol ogous protein

- WD 95/ 22980 - 14 PCT/ US95/ 02795 14

conprising inhibin protein, or a fragnent thereof, and a carrier protein.

It is an object of the present invention to provide a method for

accel erating the oocempris§ingoinHibjn (rotein; \or arfragmint thereof, and a carrier !t
~is also an object ﬁ @eﬁlﬁ_present invention to provide a nethod for

accel erating the ohset of egg |ay (puberty in ratites such as ostriches
and enus. It is further an ogi ts anopbjecs ¢f the presentcinvention tprpm'\ddeaa

nmet hod for accel er t ge?ﬁ (
~psittacifornes. ﬂ?éstﬁgfisfg?a&eégmggl t?g*t se qa%\;égm)to prOV| de a
met hod ford i ncr eaS| ng the totkd #‘é ISRt inventiontoprovide | s
further an object afmeﬂmdaf@pmelem%me dnset%fe 2g lap(pubety) ifraites f or

“obj et of the L?“eé‘g'&#ﬂ‘?ﬁ@%ﬁ#lﬁ%dﬁ% 273 mat hol for i nduci ng birds t

_ de a nethod for |ndu0|ng birds to
“lay eggs that contain I ovver s rfusther anobbjeetr of theapresentainyefitiondto n

' S?g:elnfu ?n\%ntz?on Po pr OVI € a &?%P?Pér&?%%ge%% %gg T egg WW&)WG

rate of alfl mals. |1n psittaci IWEHbhj ect of the present invention to provide
25 a method for increal jy0alsbareobj éﬁt‘ﬁﬂﬂfe‘ preseat tnwntion '8! p?ovide' S

(further an object of i RRol £5¢ %ci'é'avs'iﬂtg ﬂte total egg lay of a bird over its
hfenme.
. It is further an object of the present invention to
15 provide a method for reducing or ehmmatmg the need to molt
. -egg laying birds.

It is another object of the present invention to

prov1de a method for inducing birds to lay eggs that contain
. lower amounts of cholesterol than normally found in eggs laid by
20 that species of bird.

It is yet another object of the present invention to
provide a method for increasing the egg production rate of

It is also an object of the present invention to provide

25 a method for increasing the egg production rate of mammals.

It is further an object of the present invention to
provide a method for increasing the egg production rate of
humans.

It is yet another object of the present invention to

30 provide a method for increasing the egg production rate of cows.

It is also an object of the present invention to provide
a method for increasing the egg production rate of reptiles.

It is another object of the present invention to
provide a method for increasing the egg production rate of birds.
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provi de a nethod for increasi-ng the egg production rate of humans. It is

. yet anot her object of the present invention to 30 provi de ‘a- net hod

. for increaYP85280 egg production rate of cows. It is al so arPEOHPEWO2HS t he
. present invention to provide a nethod for increasing the egg production

' rate of reptiles. It is another object of the£resent I nvention to provide
| a method for increasing the egg production rat% of birds. WO 95/ 22980

. PCT/ US95/ 02795 15 It is a further object to provide a method for increasing
~the egg production rate of ratites such as gstriches and enus. It is al so
an object of the present invEntisos furthesviobjest to providet fmdmiethod for

i ncreasing the eg ':ﬁi‘?ﬂi i : | daes :

provi de a rapid, g‘é&g e,ﬁ etPiea%%, gglsl?ﬁgﬂ&??:? io\;e!tartrig?%ggeyt;ﬁrg 8§@eérﬂr\nésn£|%

“ whet her an ani nal $i mmunol ogi cal |y responded to a challenge with a

: : nhi bi n corrposiht i on whi ch coltrisiaise amobject.ofcth lfdséﬂﬂﬁ_ﬂ‘ﬁelliﬂi@ﬂ‘%@fpm%me
cost-elfedive ﬁéﬁ%&éﬁﬁ%ﬁnﬁ;@%@%&ﬁéﬂﬁﬁm&% Y sSickens.
pre-di spositioned to be a hilnhiseano lobjecevto provideoduaapid, tsimmple} so
met hod for  det er mi HERIEr EosteREERVE meéthad for dEfepiiifie WHSteR Af AhipiA), |,
a high-level or |diag dmunuaglogic i)bé'ﬁsppndf-‘-d to ra,challenge avithta iphibinie a
Thercor g 3 spofapoelic st exptust ot o ool Sesores 2
di rected *¥gai nst a het erol og‘t}ul:,s ﬁgt@ﬂﬁeﬁrﬁﬁfag PFFR a §plg, st nt
thereof. It is yetreliableccostigffective methodiforndetermising whether an animal
accurately det er.m i HorBhafiyPpRé-dibpbiitictied ¥ B&Y high 18l o2t 1ed81

_ egg. producer.

It is also an object to provide a rapid, simple,

15 reliable, cost-effective method for determining whether a bird is
hormonally pre-dispositioned to be a high-level or low-level egg
. It is a further object to provide a method of
: producing antibodies directed against inhibin, or a fragment
20 . thereof. NS -

It is another object to provide a method of producing
antibodies directed against a heterologous protein comprising
inhibin, or a fragment thereof.

S It is yet another object to provide a method of
25 accurately determining the amount of inhibin present in the blood
of an animal.

It is a further object of the present invention to
provide a composition comprising antibodies directed against
another animal's antibodies.

30 It is also an object of the present invention to provide
a method for producing animal antibodies directed against
another animal's antibodies.

' These and other objects, features and advantages of
the present invention will become apparent after a review of the

35 following detailed description of the disclosed embodiments and
the appended claims.
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It is a further object of the present invention to provide a conposition

conprising antibodies directed agai nst another animal's antibodi'es. 30

It is also an object of the present invention to provide a nethod for

. produci ng Y¥Ri932988nt i bodi es directed agai nst anot her ani nal ' BCHUS?2d9%s.
: These and ot her objects, features and advantages of the present invention

w || becone apparent after a review of the 35 follow ng detail ed’
description of the disclosed enbodi ments andighe appended cl ai ns. WO
95/ 22980 PCT/ US95/ 02795 16 Bri ef

. Description of the Drawings Figure 1 is an SDS-PAGE gel wherein Ais

. ostrich anti-(chicken inhibin-naltose binding protein) antibodies, Bis 5
plasm d pMAL[ err] £ . or st dard IS rotel n_nol ecul ar- wei ght
standards, D is t Frettsror— ette—-t5®Y in the preparation of
t he fused heterol ogous prot d?lgurElJ ssaheSB&HAGEf ewhereink@dnis ostrich

ivent on, and F Pl f‘ﬁ%ﬁ!‘%?ioﬂnb@iéﬁﬁﬁbggc’%ﬁfﬁﬁg ﬁﬁ%ﬁi ANHIECB isaqe
AT oo e gt sl i sl
érﬂfﬁfn)ehﬂoéiﬁaﬂﬁ%%% oF w8 Bised Beterolpgpts pratetn. 5 s the puriied

ar aphi ¢ repr esent fased chicken dnhibimmialbbse Dimiisgaproreif (egstclogous an

on' hen day 299 pr ﬁﬁaﬁéﬁi%( h&&#&e&aiﬁ%&%ﬁ#ﬁ g SRt Jromna/ ng
' P:lj()teglt Pornm;gd P tr?mﬁagtgémmch mgﬁl%?;]&g:ﬁ%aﬂ;?%@#ﬁ
' ' ure i35 of | B % he

I nmuni zed. More parbucul ar | I C representat
data in Table 3 ifl Mamnmum eut %@Bl o0 oheQ ay egg productionThe

term"bird" or "fWHDER®) i Jdpaness Qudib udhig raltese dindiny profeih Tasdies
class of animls yhg 'lbérp"roié]%r 8é6ded BY cINAs1s. More particularly, Figure
15 2 is a graphic representation of the data in Table 2 in Example 8.
Figure 3 is an illustration of the effect of inhibin o~
subunit immunoneutralization on hen-day egg production
("HDEP") in Japanese Quail using maltose binding protein fused
with the protein encoded by cINAs1s, when only two injection
20 treatments were considered: control; and inhibin immunized.
More particularly, Figure 3 is a graphic representation of the data
in Table 3 in Example 8.

Detajled Description

25 The term "bird" or "fowl," as used herein, is defined
as a member of the Aves class of animals which are characterized
as warm-blooded, egg-laying vertebrates primarily adapted for
flying. The term "Ratite," as used herein, is defined as a group of
flightless, mostly large, running birds comprising several orders

30 and including the emus, ostriches, kiwis, and cassowaries. The
term "Psittaciformes”, as used here, include parrots, and are a
monofamilial order of birds that exhibit zygodactylism and have a
strong hooked bill. A "parrot" is defined as any member of the
avian family Psittacidae (the single family of the P51ttac1formes)

35 distinguished by the short, stout, strongly hooked beak.



as war m bl ooded, egg-laying vertebrates primarily adapted for flying. The
term"Ratite," as used herein, is defined as a group of flightless, nostly
| ar ge, runnWst%z?’i?s conprising several orders 30 and |R§ITGbﬁ9ﬁ927Pﬁe
. emus, ostriches, kiws, and cassowaries. The term"Psittacifornes", as used
i here, include parrots, and are a nonofam lial order of birds that exhibit

zygodact yl i sm and have a strong hooked bill. A7 parrot" is defined as any
menber of the avian fanmly Psittacidae (the single famly of the
Psittaci fornmes), 35 di stingui shed by the short.  stout, strongly

| hooked beak. WO 95/ 22980 Theterm "egg” is deﬁned herem as a large female

. PCT/ US95/ 02795 17 Tt e | re g

. cell encl osed | n a %o% ﬁgl'f‘ ef se'ds lﬁ fra Ie her éﬂh&?Pﬁ ragdgec @@w Bﬁﬁ}é
and reptiles. "Egg &Qﬁﬁlﬁﬁq N a pt i I'fsg pxed Uﬁﬁenhgb’earblrﬂsot he

act of a bird |ayireptiie"pas, us&d herein, is théImef'wfbxrdﬂh ing’ INpr !

productiondn alT aidvaestioRo: The JeRR (ARANR. f8nRed oL ki eis

defined as the pr oomdusmlaoMt»wnhasm an'l&mreftbm)re production in all

agg" s Used her el sl 3%%3“%‘2"?4% erf?ém%é aésédéﬁﬁ*‘@hce%gséqms

porous, cal carous oihe productionnand discharge of anocavumi 9nhanrmvany, or

reptil e or it is a'rb\qﬂgmdmenAécd@ uﬁeps Iw Bé Ium

terns | ay" and, " puyber I n re.fgg‘e ce,to a

| nterchan 0, bl y her & Hg?fé B¢F§4 £Ci rsﬁx egﬁ ?Osed
Accordingly, accelmatporgushealmsenﬁ orfleatheriyashell, whieny itVisi protticedb

et 5y o B 8 ok 3 S AL )
chg! ezt ;a(r)o: al e\(;ﬁleso?mm)re :gg as used herei n"Cdenot es a rret hod of I nduci ng
Zvelr;ge ngl gstero antent ggghe t 5 gv&y fe@ﬁ:@ ﬁ:
phrase "I iPetime tc’?’ﬁ S AT nsed 1 8?31'5 b’ﬂ!ﬂems ed¢m é&hin@ bbﬂbl
~nunber of eggs |ai Olayx its firstcegiyir iAnecordingly, i"accelerating the onset” of egg lay
- S . or puberty in avians, as used herein, denotes inducing an eatlier
date of first egg lay than a bird would normally have. L
It is to be understood that a method of "decreasmg
20 cholesterol levels” of an egg, as used herein, denotes a method of
inducing a bird to lay one or more eggs having a lower
cholesterol content than the average cholesterol content of eggs
laid by birds of the same species. _
_ The phrase "lifetime total egg lay" of a bird is
25 defined as the total number of eggs laid by a bird during its entire
life span. The phrase "hen day egg production” or "HDEP", as
used herein, is defined as the number of eggs laid by a particular
group of hens per day. |
_ In contrast to the term bird or fowl, the term
30 "mammal”, as used herein, is defined as a member of the class
Mammalia which is a large class of warm-blooded vertebrates
containing animals characterized by mammary glands, a body
covering of hair, three oscicles in the middle ear, a muscular
diaphragm separating the thoracic and abdominal cavities, red
35 . blood cells without nuclei, and embryonic development in the
allantois and amnion.




|ife span. The phrase "hen day egg production” or "HDEP', as used herein,
I's defined as the nunber of eggs laid by a particul ar group of hens per

day. In contrast to the termbird or—f—-evd—t'rlﬁ‘t_';{'ﬁgﬁ—ﬁ “mammal ", as

© used her eW®,95122988ef i ned as a menber Jﬂ'i“%%“e’l aSs“’ i a WRCTAISI8/03795 ar ge
cl ass of war-m bl ooded vertebrates copt ai nit ng_;a‘nr rml :Jﬂ%ar acterized by
mamary gl ands, ga=—boty T  hai T, three oscicles in the nmddle ear,
a -muscul ar di aph é[b‘l‘ﬁ SHBE n'g bt hor aci ci¥and abdoni nal cavities, red 35
bl ood cells withdut nuld %hACEQnd enpryoni ¢ devel opnent in the allantois and

ami on. The term " rept|I as uged Lein, 1s,defi.ne menber of
the class Reptilia which i s e fexmy ngﬁrr@&‘ﬁ 95‘?1%553@%/6‘1@@“)'

characteristi cal Imentsér lefi the f elasbeReptilia webiivlr \is oa acldss o aerresetial

oFeutal Cand per’ (UhSPHERY H@%?Xﬂ%@ﬁ%ﬁ@ﬁéﬁﬁﬁéﬁ g tﬁeﬂ%?‘at i

used herein, is dnammdryglandsothein skimbeing coveredwithrsqales,cthey ba van

Ire?%snem g}“hglrﬁof anwggrrent %?q{é%ﬂoﬁldltgrieﬁ%tgeﬁé I N eﬁlgendgﬁgaiél y in %]he

het er ol ogous pr otATCCOMEMIRYS-i on, the nethod of naking the heterol ogous
protein, and the nethod of AShea:rb msgzgsiﬁous uts"e@tnefamf 1§ defitied a9t
a

t |t I t.0o b d
donates & 515 bash REGIIRS GOTLEEY mptely. or A BeEmeat théteot i

sequence (SEQ | D a¥id 3 cameiepnbtemt heltcw rtesbenundgrstaqdemhas the tenis$
endi ng 40 hbout 354@@%‘“% fHgtentof 1@@}’89‘@%%%%8@&%&%%@ in
Conpl enent ary Dedher molagmts MO@lm@mﬂQSM aaking the a- (
Subuni t of I nhi bigey %fglﬁ%:g: ahhﬂ“ttﬁ Wo@%ﬁﬁg ﬁleohewo% ous |
3}

Repr oducti on 49, & ich.is ereby I ncor porated by referénce in
its entirety, obt ERBRR: DNA. cl NA515 codes Jor a
portion of the al pha-inhibilt whlso todbe ainderstood thath "eENAS) § Dasusedr

| SEQID Ng 4. As herein, denotes a 515 base pair sequence (SEQ ID NO:1), or

denotes a 516 base pair sequence (SEQ ID NO:3), or denotes the

'correspondxng sequences of cINA6 listed on page 3 (starting at

about base pair position number 790 and ending at about base pair

postion number 1310), of Wang and Johnson, Complementary

20 Deoxyribonucleic Acid Cloning and Squence Analysis of the a-

Subunit of Inhibin from Chicken Ovarian Granulosa Cells,

Biology of Reproduction, 49, p.1-6, 1993, which is hereby

incorporated by reference in its entirety, obtained from chicken

genomic DNA. cINAs15 codes for a portion of the alpha-inhibin

25 subunit of an ostrich, such as SEQ ID NO:2 or SEQ ID NO:4. As

used herein, "MBP-cINAs15” is the protein conjugate that is

expressed from a recombinant host cell, after cloning cINAs1s

into a recombinant host cell and expressing a fused heterologous

protein comprising maltose binding protein ("MBP") and the

30 inhibin protein alpha-subunit fragment encoded by cINAs)s.

Accbrdingly, "cINAsis denotes a nucleotide sequence, and
"MBP-cINAs15" denotes a fused heterologous protein.

A fused heterologous protein, as used herein, is

defined as a protein comprised of inhibin protein, or a fragment

35 thereof, fused to a carrier protein. The fused heterologous

protein is expressed from an expression system comprising a
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used herein, "MBP-cINA515" is the protein conjugate that is expressed from
a reconbi nant host cell, after cloning clNA515 into a reconbinant host cell
and expresg‘f‘h%f”& #9,sed het erol ogous protein conprising mal t oF&HNFONYS

. protein ("MBP") -and the inhibin protein al pha-subunit fragnent encoded by

i ¢l NA515. Accordingly, "clNA515" denotes a nuc{ﬁeotide sequence, and

i "MBP-cl NA515" denotes a fused heterol ogous protein. A fused heterol ogous
protein, as used herein, is deflned as a protein conprised of inhibin

' protein; or a fragfrent there Qé{pqste a carrJ er protein. The fused

~ heterol ogous prot ef# (ﬂﬂ&ﬁ}!ﬁéﬂ@dﬁdlfﬁrn

- WD 95/ 22980 - expression of inhibin protem or a fragni¥mt g}ﬁ ‘?}QBf Sed

. gene product whjch t r the expressi on
| protein, or a fraggréﬂéI %ﬁg& ?&P&@ggé)%sg r%cémﬁﬂia ? - ex r"ég rS‘FP%f a
| carrier protein. "productgeas usedcherein, issdefinedras the producetesudtingsfrone
~ product repul ting

expr essi o?of i nhi é)rﬁéfl(ﬁnelorf tﬁ@%&*@ dqeci herg&#éeeig’gggﬁgn @Keﬁ@ﬁmfbed
for the expressi onPEAtE c&Fr?eﬁasmﬁQtl WQfo dhedgrpecenc sforr thei n,
as used herein, |seglplfes§ﬁﬁ; @f@cmlepfo@mprl sed of inhibin prote| n, or a

fragnent 10 t her eof ugat e cagrrier protein conj ugat ed
het er ol ogous protein is prod&ct 1 &@ﬂ&‘% gpélﬁcﬁ)%ﬁlwﬂscﬂstr(fh@emhés

i nhi bin protein todefinedaas aeropein eompmséd «mfcmlnbmlprbmiﬂ, \%\ﬂa rfrahgmoa-.gt

I munol o al res f I C as en

adm ni stgfrded to tﬁg{%‘ﬁpg’alé&hﬁgﬁgg tﬁér% n, ler eﬂ’i’xg@ 8 COMUEALRd oy
and/ or hunoral re%ﬁ@l@%pmmus\mrmmd deai chenucal neaemndwhmh nst
the substance. ThejihRs "theSilibin dteiﬂ‘ttér ¢ ér l@g@eﬁfrvﬂ Hal vf‘i@é%{'ed

as where two objects assom ate with each o ond
a noncoval ent bond®Rfectrostatical | y, a receptor- | i gand i nteraction,

enzyne-substrate i nt er act i onAmrirhmnundky 1bahdtmdﬂseatdﬁ0dﬂmimxﬁﬁli% aThe
ﬁ;ﬁﬁg'r at : %”a' :ng:ﬁfﬁddﬁcé "whith Hd3°bkéh Q@n?ﬁfsielléa ot aidalP5s' deed
herein, is defined as the cell-mediated and/or humoral response of
-an animal which:is specifically directed against the substance.
| ~ The term "selectively. interact”, as used herein, is
defined as where two objects associate with each other by a
20 covalent bond, a noncovalent bond, electrostatically, a receptor-
-ligand interaction, a enzyme-substrate interaction, or by other
binding or attachment means. The association is selective in that
the two objects interact in a specific manner, in a specific
_position, or only with each other. - -

25 This invention relates in general to a composmon
used in a method of accelerating the onset of egg lay in birds. The
composition is comprised of a heterologous protein comprising
inhibin protein, or a fragment thereof, and a carrier protein. The
inhibin can be inhibin from any species of animal that produces

30 inhibin. The inhibin includes, but is not limited to, bird inhibin,
mammal inhibin, reptile inhibin, amphibian inhibin, or fish
inhibin, among others. More specifically, the mammal inhibin
may be selected from, but not limited to, cow inhibin, human
inhibin, horse inhibin, cat inhibin, dog inhibin, sheep inhibin,

35 mink inhibin, fox inhibin, otter inhibin, ferret inhibin, raccoon
inhibin, and pig inhibin. The bird inhibin can be selected from,
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position, or only with each other. 25 This i nvention
relates in general to a conposition used in a nethod of accelerating the
onset of in birds. The conposition is conprised of a heterologous
protein co‘%g 9% inhibin protein, or a fragnent thereof, aRGTHSOHPIPE,

. protein. The |nh|b|n can be i nhi bin from any species of ani mal t hat

. produces” 30 i nhi bin. The inhibin includes, but is not limted to, -
t bird inhibin, mammal inhibin, reptile inhibirmg anphibian inhibin, or fish
i nhi bin, anong others. Mre specifically, the mammal inhibin may be
selected from but not Iimted to, cow inhibin, human inhibin, horse

i bin, cat i nhi i, ndedimifidito, Gsteih '1ﬂhil§l'nn e inhibinTrHea Mlﬁ
fOX|nh|b|n otter_inhibin,.ferret  i.nhib racc nlnlrn an
i nhibin. The bird qasAPwHLY it Kidd: Daiihig,, tur imogyail inhibin,
PC;I}'/ 3595/ 02795 20 chickent inhibimd amd inhibiah from bmemb&rls offi mahogaeﬁ
'inhi bin, cassowar ? i bin

chi cken i nhi bi n, dﬁ? P%Phégr ﬁ\ #Ehﬁée‘?gd #ﬁm“oﬁd!’?f‘g#ﬂ@a
pr ef err edSi nhi bi n prsfemed inhibim is Aratite iphibin. Anf especnallyupreferred
ratite inhibin. (ikaééﬂ‘ldﬁ %Eiﬁﬁg w QIPIIE u .
Anot her preferred | E S enu,in { Qtélel’ pre‘ferre Bnh S
rhea i nhi bin. Anotlﬁ&%%ei?tr%%oﬁ’rﬁl 110 el'
preferably, the herefetredodnhitsiol E’ilsnchickéﬁ il'ﬂ@fbiﬁt 'M’Gﬂtlpi'é

eof

. galrorlﬁerlgroter n. %@&5@%@%&@‘%@ gli'lﬁ SFH& g FHMF% all?ha'

- conpri si 3§ i nhi bi subumitiinhibin prioteine of ahﬁnaguﬂenartueneaf;randr apcatrien,

Is also used in a a(thdof increasing the lifetine total 15 .eqgg |lay (
of birds. This cor%% lon i,g also used in a nethod of increasing the rate
- of egg production in aninmal s TM@TQIQMS tpr@ﬁemsorf ﬂmpresmidmvemxm; hod

oo an' ! o SRR SO pobf, o6 e Bore, S5 sl
it %0 FRotpifi b o il th % methid tqqg(‘pqsypg;gg Jibetime 19
onset of lﬁgg | ay iegghlaylof birds. bThis compesition ivadsolused ial m&thod of
. , .increasing the rate of egg production in animals. -This
composition is further used in a method of decreasing the
cholesterol content in eggs laid by birds. This composition is also
used in a method of reducing or eliminating the need to molt a
20 bird. These methods, and the method for accelerating the onset
of egg lay in birds, will be discussed in more detail below.
The inhibin, or fragment thereof, can be isolated
- from animal fluids, expressed from genetically engineered cells in
an expression system, or synthetically produced from a series of
25 chemical reactions. More particularly, the fragment of inhibin
can be selected from, but is not limited to the following
compositions: o-subunit inhibin; B-subunit inhibin; recombinant
DNA derived fragments of o-subunit inhibin or B-subunit
inhibin; synthetic peptide replicas of fragments of a-subunit
30 inhibin or B-sut -it inhibin; synthetic peptide replicas of the N-
terminal seque of ot-subunit inhibin or B-subunit inhibin;
fragments of ; .ally purified inhibin from follicular fluid;
fragments of endogenous o-subunit inhibin or B-subunit inhibin;
~ and fragments of exogenous a-subunit inhibin or B-subunit
35 inhibin. As stated above, it is most preferable that the fragment
of inhibin is alpha (cr)-subunit inhibin, or a fragment thereof.




The inhibin, or fragnent thereof, can be isolated from animal fluids,
expressed fromgenetically engineered cells in an expression system or
synt het i cavobyspaoseluced from a series of 25 cheni cal rREEHUBEMR795\br e
particularly, the fragnment of inhibin can be selected from but is not
limted to the follow ng conpositions: a-subunit inhibin; B-subunit

I nhi bi n; reconbi nant DNA derived fragnments of2lf err] -subuni t inhibin or
B.-subuni t inhibin; synthetic peptide replicas of fragnents of a-subunit 30
i nhibin or [err]-subunit i nhibin; synthetic peptide replicas of the N

]Eerm nalt Se?UF[er]r] Off[éléhé Eégbmn;m rth!eblhlet@n‘c}lb b;:ll; !'Gtéiht id 'Hi%\ét”f
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POl USo5/ 82765 23 thednhibamis, coRjugatedote. the cgstier protein: the hetenologaus:d
to or conjugat ed irpfeithds Aot} ugmée nemusgsﬁs b@wﬁww AVt
[ i bi [ i% el |‘ogous

inhibin is fused. carrier rotei'n 1S

t , 1
"fused heterol ogo PEPUS P pds4 ?use‘i]ﬁF Bonj ugat ed to
the carrier protein, the hetEhel dglemtity otaf nthe a:ai-cmn u proeeimeinr ahegous

B e el B 7 B e F&%ﬁggaﬂg{sf S prRihe

critical 1@spect oﬁﬂVﬂntlpnesAny carrier proteimknown Anytheaart ean;be)med itrlown
in the art can be ‘ﬁr@iﬂ gm r
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- carrier protein is MBP. Another preferred carrier protein is

 * BSA if the heterologous protein will not be administered to a cow

20 or horse. Yet another preferred carrier protein is ovalbumin if
the heterologous protein will not be administered to a bird. The
most preferred carrier protein is MBP. It is preferred that the
carrier protein is immunogenic to the animal that it wﬂl be

: - administered to. -

25 The present invention also relates to a method of
producing the conjugated heterologous protein of the present
invention. Methods of producing conjugated proteins are well
known in the art. Methods of conjugating proteins to proteins are
fully described in Antibodies, A Laboratory Manual, edited by Ed

30 Harlow & David Lane, Coldspring Harbor Lab (1988), which is
incorporated herein by reference.

Although conjugated proteins may be used in the
methods of the present invention, fusion proteins are preferred.
More particularly, heterologous proteins that are fused yield a

35 . homogeneous product, wherein the different segments of the

proteins are always fused in the same position, and the same

antigens; and polymers of D- and/or L- amino acids. A préferred



20 or horse. Yet another preferred carrier protein is oval bumn if
the heterologous protein will not be admnistered to a bird. The npst

.~ preferred carrier proteinis MBP. It is preferred that the carrier protein
1S i Mmunogennds22980 t he aninmal that it will be adninistered t oPCHESIS/02795
The present invention also relates to a nethod of producing the conj ugat ed
het er ol ogous protein of the present invention. Methods of producing

| conjugated proteins are well known in the art22 Met hods of conjugating

! proteins to proteins are fully described in Antibodies, A Laboratory

: Manual , edited by Ed 30 Harl ow & David Lane, Col dspring Harbor Lab

- (1988), which is iamouneref die segmentsyof ¢her eng@%bdcommgatﬁéed

ogine o Bferzfs&sh&q%"ﬁw%mﬁéﬁﬁ A B, e

. fused yield a 35 and iohlange: qprantitiesd contrast, monﬁlgatedeheterodegansts

~of th t
o5/ boogn 0SS A'protelfiy are A6E ds" uniforifi"Es Mgl plotel gm?bzé ample!'C
the segmedts of tHrdepsnsiingen what peateinsare being conjug wnmatms

can be produced urgeaetivn ma eyiadsa\m:(tux%ndflprdtem@ lfwm bhésor'rﬁ re
contrast, conjugated .het roIo Eﬁiﬁﬁ ei.ns are. nhot. as unif'm as use

proteins. For exarffiy] uggHons, p DgCommE o1t ditferent.Joggtions,

conj ugat ed, the coof yyoteins mhacuemmmmncomjdgatedxt ﬂ'-fm'tbér,psonm rof thei ng

ocati ons. or pr 3%@%@#’ e Eﬁ%’%ﬁ?ﬁé‘%&%ﬂ?@‘?ﬁ% "I Flirigally

conj ugat i16ns may rhingdered forrits dntended, user(e. gi.nthe émmunpgenic portion of
hindered for its hﬂ‘iee félﬂsi% steric all f]ﬁ’ldd@f&ﬂygeml.ﬁop@gdr)ﬁgaﬁfoﬂ &ighei n
Is sterically hindere con at1on reacti ns and re nts
may degrade the pr&f® & ma 31: tae proteins Béﬂﬂlﬁg&s

clzommnl y used in qthuraimtld?orr eammples hruraldehyﬂélxssctimm&omﬁl én of
L0 uce 15 Lo A Ron FRMHORES AL Bofed i, ZRRRRIGIOR o7
rel ates t16 a net hoprateins. Further, conjugated proteins are more expenswe to
produce in large quantities than fused proteins. : :
- - This invention further relates to a method of
producing the fused heterologous protein. - The fused
heterologous protein is expressed by a fusion gene product

20 comprising a gene encoded for the expression of inhibin protein,
or a fragment thereof, and a gene encoded for the expression of a
carrier protein. The fusion gene product and the method of
making the fusion gene product are described more fully below.
Briefly described, the method of producing the fused

25 heterologous protein of the present invention is comprised of the
steps of inserting the fusion gene product into a coding region of
a plasmid, transfecting a host cell with the plasmid, and
expressing the fused heterologous protein from the host cell by
methods well known in the art.

30 Many methods of making fused heterologous proteins
are known in the art. Therefore, any method known in the art
can be used to produce the fused heterologous protein of the
present invention. Many commercially available vector kits and
expression systems can be used to prepare the fused heterologous

35 protein of the present invention. An example of such a
commercially available vector kit and expression system is

{



producing the fused heterol ogous protein. - The fused heterol ogous protein
S expresse é?a fusi on gene product 20 conprising a ggne encoded
for the expf B of inhibin protein, or a fragment thereof, S2/I3eMe
encoded for the expression of ‘a carrier protein. The fusion gene product
and the nethod of meking the fusion gene prodggt are described nore fully
bel ow. Briefly described, the method of produé?ng the fused 25

het er ol ogous protein of the present invention is conprised of the steps of .

i nsertin thefu3|o produ C gign of a_plasmd,
transfecgl ng a hosP n& Wikt R ﬁ&%%@&i@&)gﬁm e§§Vﬁ§1‘Yt Massachusetts.
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commerci ald y avai I

prepare thde fused g% usES%%daBélowI%eE %ﬁg?léghe presephﬁqﬁg‘ﬁ&%ﬁ.
An -exanpl e of such© %%?ﬁ?é'r tél ﬂ?daOEPIMQDVQSM&lWhM ke aused to
systemis WO 95pFa@dce the fused heterologous rotem of the J)resent invention
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(r)]ccur sI in the pI\/ALNawPetsheyyMClﬁhet&ht ofPaldb Alwdl&llﬂ)rhm f used
"~ heterol ogus protein of the err

kit is fully 8escr| bed bel ow’in E&%@@Q&hﬁﬁg Wh% éﬁ'&%sspsr
kits and expressi opreduet-e@mprisingoagene eread (Bxprbesmnseﬂmlubm
het er ol ogous pr ot tegfb@fi tnﬁ- gﬁ ent fiéredfT, 'ﬂ?& ﬁ’ét?ﬂé f‘#j Fhked

al

to: Pharnmacia Biotéech of, ta al){'i New Jersé one
“Alto, California. %8P ressmn Of a carrierrpEolsiBse q mogeﬁerQ%berﬁIOQBes

_ tohabf usi on gene pamyl cmsrmfammglma;epmdmesdnmﬁmr Thglfnmms Se1e cah
expressi 8 of & cﬁﬁ?%ﬁﬁ?@mﬁ ﬁ@ﬁpiﬁciee%raoﬁéaﬁi} igfuibin
~of animal that progeBeésannamphi lamegemmcm a fishegene, among others.a More
~inhibin gene, a megp@tifically) theSfiidinnial’ fitlibif getld B4R be selected from the
group consisting of, but not limited to, cow inhibin gene, human
inhibin gene, horse inhibin gene, cat inhibin gene, dog inhibin’
20 gene, sheep inhibin gene, mink inhibin gene, fox inhibin gene,
otter inhibin gene, ferret inhibin gene, raccoon inhibin gene, and
pig inhibin gene. The bird inhibin gene can be selected from, but
is not limited to, an ostrich inhibin gene, an emu inhibin gene, a
. rhea gene, a cassowary inhibin gene, a kiwi inhibin gene, a turkey
25 inhibin gene, a quail inhibin gene, a chicken inhibin gene, an
inhibin gene from any member of the order psittaciformes, an
inhibin gene from any falconiformes, an inhibin gene from any
piciformes, an inhibin gene from any strigiformes, an inhibin
gene from any coraciformes, an inhibin gene from any
30 ralliformes, an inhibin gene from any passeriformes, an inhibin
gene from any cuculiformes, an inhibin gene from any
columbiformes, an inhibin gene from any galliformes (domestic
fowl), an inhibin gene from any anseriformes (geese, ducks, other
water fowl), an inhibin gene from any herodiones, and an inhibin
35 gene from any of the following birds: falcon, eagle, hawk,
pigeon, parakeet, cockatoo, makaw, parrot, and perching bird



.gene, an anphi bi an gene, or a fish gene, anong others. Mre specifically,
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fspﬁ_r [)_ow) A pref eWamg i aund Hiohnsoms Ci)mpllemntuh'yb:deqmynbommem paefdrr ed
i bin.gene is n e ene

:2 an ostrich |nﬁf[89'&|hgene ty/ﬁ?h? H% &na&rlf %ge?irﬁ Xupﬁﬁft f ?ﬂh{#}ﬂrﬁopng

Zi ene’s a
i nhi-bi n gene. Yetchiekewr gvarianed granulossenecells, ﬁHQL.QG_M_n_gQ;B

fanibin Perr] réﬁﬁ%ﬁ@%m APTAR-38: 1000) Ingened il the BLGR
deoxyri bonucl ei c $it& f uescnpP ﬁh&f%ﬂ‘iﬁﬁéﬂ@fﬂ}%%‘?@l% afa gl
a- subuni t of inhi¢f PfrAmishnsem (ComeAnUmiversity)a Thel cINA6LCIdne OF

EFEescr_i% LO(\ISt fgt%ﬁﬁﬁiﬁ‘! m‘ﬁ %egsﬁé g€§°§§8RI)@}TI | 'ifi Southern

assays indicating s1gm icant DNA homology between these two -
species (Chouljenko et al., Expression and punﬁcauon of chicken
" a-inhibin as a fusion protein with the E. coli maltose binding
protein, POULTRY SCIENCE, 73(Suppl. 1): 84, 1994). A DNA
20 fragment ("cINA515") was excised from the cINA6 clone using
Pst I digestion. The cINAs15 DNA fragment encompassed most of
the mature chicken inhibin -subunit.
The ostrich inhibin o-subunit sequence was obtained
by polymerase chain reaction (PCR) methods that are well known
25 - in the art. More particularly, the following primers were
constructed based on the sequence reported in Wang, and were
used in a PCR reaction with ostrich genomic DNA: §5'-
TCTTTCGAGGAGCTGGGCTGG-3' ; and 3'-
GGGCCGTGGTACGCGAGTGACGCA-5'. Approximately 75%
30 of the DNA sequence of cINA5;5 has been compared with ostrich
genomic DNA. Thus far, a 100% sequence homology is evident
between the chicken and ostrich DNA comparisons that have been
made.
As stated above, it is to be understood that the carrier
35 protein is not a critical aspect of the present invention.
Therefore, a gene encoded to express any carrier protein can be



of P. A Johnson (Cornell University). The cl NA6 cl one 15
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et.al ., Expression and purlflcatlon of chicken a-inhibin as a fusion
protein wwth the E. coli maltose binding protgin, POUTRY SClI ENCE,
73(Suppl. 1): 84, 1994). A DNA 20 frag t ("clNA515") was exci sed

- fromthe cINA6 clone using Pst | digestion. The cl NA515 DNA fragment
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~ host's 1mmune response to the inhibin protein.
‘The present invention further relates to a method for
making a fusion gene product comprising the step of fusing a .
- gene encoded for the expression of inhibin protein, or a fragment

20 thereof, to a gene encoded for the expression of a carrier protein.
Briefly described, the method of making the fusion gene of the
present invention comprises the steps of isolating the desired
inhibin complementary DNA (cDNA), producing double strand
inhibin DNA, obtaining double strand carrier protein DNA, and
25 fusing the double strand inhibin DNA to the double strand carrier
: protein DNA in a manner such that the fused DNA enables the
expression of a fused heterologous protein comprising the inhibin

protein, or a fragment thereof, and the carrier protein.
Many methods of isolating genes and making fusion
30 gene products are known in the art. See, for example, Sambrook,
Fritsch & Maniatis, Molecular Cloning, A Laboratory Manual,
2nd Ed., Cold Spring Harbor Laboratory Press, 1989, Vols. I, II,
III. Therefore, any method known in the art can be used to
produce the fusion gene product of the present invention. Many
35 commercially available vector kits can be used to prepare the
fusion gene product of the present invention.  An example of such




i f the resultant heterol ogous protein will not be adm nistered to a bird.
The nost preferred carrier protein gene is a gene encoded to express MBP.
The preferred carrier protei.n genes code for 15 prote |

i ncr ease WOPH2L i ntensity and duration of the host's |mm?g'§’r‘}esgpén§ge to
the inhibin protein. The present invention further relates to a nethodfor
maki ng a fusion gene product conprising the i#ep of fusing a gene encoded
for the expression of inhibin protein, or a fragnent 20 thereof, -to a
gene encoded for the expreSS|on of a carrier protein. Brlefly descri bed,

t he met hod of nmaking the fu of the rese cogpri,ses the
steps of isolating gﬁggthEGM$ S&ﬁdgﬁﬁ ggﬂﬂﬁﬂ i ng
doubl e strand InhBioIaBWBevbﬂ Mmadhubéasst'l‘hedmhbdeof :@d@cﬂn and

2 e o R B e 9L Seeh 08 i3 iz?@&c%{]“o?a |

fused het er ol ogoukitpistfully despribedbelow llnhEnampimﬂel Other soircesroft
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Manual , 2nd Ed. ﬁibeée‘ﬁ%fmséahw ,INew Jémey; BndsCloAéfth, \6f Pald Altd,
[11. Therefore, gﬁdﬁptho known |n the art can be used to produce t he

fusi on gene produ present invention. Many 35 comercially

avai | abl e vector kits can be&wsﬂﬂedmhwepdnectﬁrdcdmmlnbmmubumbcbm t he
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Engl and Bi ol abs, obtained asagi &tA, University)
gene product of tfﬁﬁhéﬁﬁf(t'cm)‘@lts'"wwas @mswﬂ&dmr tﬂe CINAG cﬂoﬁé'ﬁsing
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can be used to pr
iJncI ude, bgt CIare EﬁMAmMGd mofraﬁimmdmheﬁmltasb mhdﬁnegrbwmv - MBP")
ersey; one

chi cken i bin af ﬁb%rﬁi%u@%hg\o@& fgib%ﬁﬁ%@sxﬁ (Ehak ‘ﬁ@(ﬁe 13, slas
detected after IPTG. (isopropyl B-D-thiogalactopyranoside) . -
induction and SDS-PAGE. The resulting protein conjugate
("MBP-cINAsi5") was used as’' an antigen to immunize pre-
pubescent, female Japanese quail (Coturnix coturnix japonica)

20 against circulating inhibin levels as is fully described in Example
8.

I on

It has been unexpectedly discovered that the
composition of the present invention accelerates the onset of egg
lay in avians. This invention further relates to a method for

25 accelerating the onset of egg lay or puberty of female avians via
the administration of an effective amount of the heterologous
protein of the present invention (comprising inhibin, or a
fragment thereof, and a carrier protein) such that the onset of egg
lay is accelerated in the bird. The term "accelerates” denotes that
30 egg lay of a treated bird commences at least about 3% earlier than
egg lay would ordinarily commence in an untreated bird.
Preferably, egg lay commences at least acout 5% earlier, and
more preferably commences at least about 7% earlier. Even
more preferably, egg lay commences at least about 10% earlier,
35 and most preferably commences at least about 13% earlier than
egg lay would ordinarily commence in an untreated bird. It is to



10 clone (cINA6) inserted into the EcoR 1 site of Bluescript was
obtained as a gift of P. A Johnson (Cornell University). A DNA fragnent
("cl NAS15'Woesz298xkci sed fromthe cl NA6 cl one using Pst | di gBETUSHSO2T9Y s
- fragment (cl NA515) was cloned in plasmd p-MALTMc in frame with the

. mal tose binding protein ("MBP') 15 and a fusion protein of

~appropriate size (Lane E; Figure 1) was deteffed after | PTG (isopropyl
. [err]-D-thiogal act opyranosi de) induction and SDS- PAGE. The resulti.ng
protein conjugate -("MBP-cl NA515") was used as- an antigen to inmuni-ze pr
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to WO 95/ 22980 . . . '
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protein of the prédemiesticy fowl)n dinarnserifortmesi(geesed. ditled codiéry water
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preferably, the i bolgb(fgaﬁe%&h s r ﬁgéﬁi u &3@1 %‘P@be fap
endogenolss i nhi bi bepseleatad fogn, hbubiis dnotrAiimitednto, ah ostrich,cenm, rhea,
(fnvention can be gigf, tdssowary, turkey, quail, chicken, falcon, eagle, hawk,
. .w® . pigeon, parakeet, cockatoo, makaw, parrot, perching bird (such
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as, song bird, jay, blackbird, finch, warbler, sparrow), and any

member of the order psittaciformes. A preferred bird is a ratite.
20 A more preferred bird is an ostrich. Another preferred ratite is
an emu. Yet another preferred ratite is a rhea. Another
preferred bird is any member of the order psittaciformes. Yet
another preferred bird is a chicken. Still another preferred bird
is a quail. The method of the present invention can also be used
25 to accelerate the onset of egg lay in species of birds that are
endangered. Such endangered birds include, but are not limited
to, eagles, hawks, condors, and owls.
The inhibin and the carrier protein in the
heterologous protein composition of the present invention vary
30 according to what species of bird the composition will be
~ administered to. It is preferred that avian inhibin and maltose
binding protein is used when the composition is to be
administered to a bird. A preferred inhibin is domestic chicken
or ratite inhibin when the composition is to be administered to a
35 ratite. More preferably, the preferred inhibin is domestic



accelerate the onset of egg lay in any species of female bird that produces
I nhi bin. The fenal e bird can be selected from but not 10 ‘limted to,
aratite, a psittacifornes, a falconiformes a picifornmes, a strigifornes,
a_passeri W 922980 coracifornes, a rallifornes, a cucul if or TREK/U$H5/0279S
colunbi fornes, a gallifornes (donestic fow ), an anserifornes (geese,

ducks, other water fow ), and a herodiones. Mure particularly, the female
bikrd can 15 be selected from but is nog8linted to, an ostrich, enu,
rhea, kiwi, cassowary, turkey, quail, chicken, falcon, eagle, hawk, pigeon,
par akeet, cockatoo, nmakaw, parrot, perching bird (such as, song bird, jay,

bt ackbird, fi nCh Ridken orsrb?s"tm:ﬂ mihiﬂmnwhmﬂb&re Qiorhb%s?ﬁdﬁr is to be
p5|ttaC|fornes efter atlte 20 A nore preferred
bird is an ostrlc é“mﬁ\sﬁ@d&) atltels an enmu. Yet anot her
preferred ratite is a rhea mmtherhﬁamdefstobdrcthas thy inhibin oh the )
order psittacifor r |

anot her preferredngéteagﬁsgquhgﬁl*lﬁﬁi% ﬁ?ﬁbg ﬁﬁlﬁﬁl&@g’rﬁ{e}géééﬁggﬁg t#&ﬁdlan'
al so be uded 25 the s&t@&@gousmr@temvm dmigistered. nFopexasople, a
birds that are endﬁe%% ﬁﬁo@éﬁ%ﬂ@ﬁﬁf ¢ éammsta@ddds a:bltsstﬁch e8h be
limted to, eagles
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The heterologous protein composition of the present

invention can be administered to a female bird by any means
. known in the art. For example, the composition can be
20 . administered subcutaneously, intraperitonealy, or
intramuscularly. Preferably, the composition is injected
subcutaneously. The composition can be administered to the bird
in one or more doses. Preferably, the composition is
administered to the bird in multiple doses wherein an initial

25 immunization is followed by booster immunizations.

The composition of the present invention is to be
administered to a female bird before the bird reaches egg lay or
puberty. The preferred age at which the composition of the
present invention is first administered to an animal depends upon

30 the species of the animal involved, the mating season (if any) of
an animal, upon the size of the bird, and upon the identity of the
components (inhibin and carrier protein) in the composition.

The amount administered to a female bird of the
heterologous protein of the present invention varies according to

35 the species of the bird, the age and weight of the bird, when the
protein is administered in relation to the breeding season (if the
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conpri sed of chicken inhibin and a carrier protein. It is also to be
understood that the conposition can further conprise adjuvants
preser vat Wees/22880 uents, enulsifiers, stabilizers, and 10 dm%?-"m?”knom
conponents that are known and used in vaccines of the prior art. Any

adj uvant system known in the art can.be used in the corrp05|t|on of the
present invention. A preferred adjuvant systé?n I's Freund's inconplete

adj uvant. Another preferred adjuvant systemis Freund' s conpl eté adjuvant.
Yet anot her 15 referred_adjuvant systemis a pol ydi spersed
[err]-(1,4) ||nked:mdgra§|mbw dingrseaspn)cand how anyamest mjemslsto

Pennie bird by any raariBftBres. Alsd) (e eompieoctea B Sadinishratior
can be 20 Bicr
 dehefyle ITeatTeRE s yaries AGaarding sﬂéﬁﬁgppecws &
IT Et ramuscul ?rl y. tﬁéeﬁlﬁd,gﬂielav eragecage of onset ofseggilay toftthat gmseoﬂ&ief
e conposition c adnd ni n €.,doges

Pr ef er abl the c S Ses

) Hiedatis Sannly Bsfonycet the Wicd, olieh Festect Hor e Ry,
wher ei n ?n i ni tialhigtory o%;tmtmﬁmgglay)m the tigmblmf/\ydat)ﬁle)blﬂl mLas hatched,
i mruni zati ons. gatfeh i Ofed Eome into
adm nistered to aelpgrrﬁﬁgi h%T ore th Bird g glg or puUbeér
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ani mal involved, the mati 'L an ﬂf’l |mal t he SLze of.
the birdl0and uporItRLYi Bgapp'?gﬁ'& '&%8 §X?T EQPF‘“&?
protein) in the cqpeolonged extessive intlemienti weattret snch asalraim heat] of
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i s admi ni stered i {overenawding), and alackiofexessisen (if the WD 95/ 22980
PCT/ US95/ 02795 29 bird has prelerel W’d nNkilPqig R ?ﬁnint view ofcthe
protein |s to be adm pj ste Also Qpmence dmnlstratlon
schedul e 15or treattﬁéﬁﬂl@n@g %P’F&ﬂ?’e’?mﬁﬁ% nﬁ;i’f‘ terging hy

bird, the average rurin¥ testheg the agmumty ofheterologous psowint ﬂfat will be
S . necessary to elicit an immunological response to the protein by
the bird. o :
" For example, the following is a brief summary of the
20 method of the present invention for accelerating the onset of
- puberty in Japanese Quail as is fully discussed in Example 8. The

average age at puberty for an untreated quail is approximately six

to eight weeks. The following would be the treatment schedule

for Japanese quail having an approximate body weight range of

25 0.1 to 0.25 pounds: primary (first) injection of 0.75 mg of the
heterologous protein of the present invention on its 25th day of

age; and boosters of 0.375 mg on the 32nd, 39th, 46th, 53rd,

60th, and 90th day of age.

More particularly, at 25 days-of-age, 100 quail were

30 randomly and equally assigned to one of four injection groups (25
birds per group) as follows: (1) MBP-cINA5; 5 in a polydispersed

B-(1,4) linked acetylated mannan ("Acemannan"), an
immunostimulant vehicle, ("MBP-cINA5;5/ACE"), (2) MBP-

cINAsys in Freund's adjuvant ("MBP-cINAs;5/FRN"), (3)

35 Acemannan (immunostimulant control; "ACE"), or (4) Freund's
| (adjuvant control; "FRN"). Birds immunized against inhibin



5- bird, the famly history of the bird (wth respect to the famly's
history of start of egg lay), the tine of year the bird was hatched, the
nutritional plane of the bird (highly fed birds come into pg ore
t hose t hat'® éP@’WHdernourlshed) the general health of the bl?ghg? ?ﬁgt tine
of commencenent, the long termhealth 10 hi story of the bird, the
- presence of extrene weat her conditions (prol ggged excessive |nclenent
weat her such as rain, heat, or windiness that the bird is not accustomed
to), housing COﬂdItIOﬂS (overcromdlng) and a | ack of exercise. One of

?Lsieﬂ?.rﬁnsﬂhl dl[]) ;&E %Gﬁer&hglﬂén 8p proxiaedtelgs0F5 mg MBPent
het er ol ogous pr ot &i ‘fﬁhi Rﬁretf Semnétéégbwﬂt‘l f FS@H& lmﬁin |§;qnt

response to the pwhﬂ:ﬁlab)i duotion volufres €62nils) of h’BCEObt FRNowiese asedi ef

The ontet of puboiByGrRUR,dnasd &Qq?}faéfﬁ@ﬁfu? ol &fé@&%ﬁﬁlﬁﬁ@g

The aver age age aunjmdtmnsy were givemtsubcutangouly usingptaberncudine syrisiges: o

ei giht vve\e“ks The &Qﬂ&gewe%ﬂ Mﬁgpﬂqﬁb mgﬂ%gmﬁ '
TIRETE R v Ea. o S v pbrvain s el

the present inven rol dhuliengess werel sibseqeentlyfadmdmisteredon
the 32nd, 39th, 4 oggldééscé%? and QOEEgday of aggéql\/br eypartlcul arly,

at' 25 days- of - age; omyt‘qeame random y and equal |y assigned to
one of fegr injection.groupsBégin xh E(ht 4Edayseofrage {considered Day) 1 of the

(Acemannan’) | a %"aﬁiﬂaﬁp?ﬁfﬁ%[ﬁ«@ hepaday. %@%ﬁ%‘éﬁc@mﬁaﬂ
CINAS1S in Freund mortality {TMORZE) meamuwrss rwerg reqondeds
(st 1Sk Ty B donoted s e Sty CFIRST) and
PCT/ US95/ 02795 30 g% 8t ﬁzhlfharﬁeni)f?—ﬁ&‘%d J0%.e &5&’&%8‘-\?&% {FEY ) wess.
CINAS1S per bird 'dhléﬁhtéépfdrpeaaheoﬁmbrfdun/ei'eatmentEgmups enAs is more
fully discussed in Example 8, HDEP data were subjected to two
- different analyses of variance.
. To date, information is preliminary as only 35 days
'of data have been collected. Cumulative percent HDEP rates for
20 weekly intervals of egg lay (days 0, 7, 14, 21, and 35) during the
* first 35 days of study are plotted in Figure 2 (wherein the four
injection groups were considered as separate treatments) and
Figure 3 (wherein only non-immunized (control) versus inhibin-
immunized group comparisons were made).
25 Mean HDEP rates during Week 1, Week 2, Week 3,
' Week 4, Week 5 and Weeks 1 through 5 combined for the four
injection groups considered as independent treatments are given
in Table 2. More particularly, the values in Table 2 are represent
the percent egg lay rate. For example, in Week 1 of the study,
30 only 5.8% of the birds in the ACE group laid an egg a day. In
Week 2 of the study, 39.56% of the birds in the ACE group laid
an egg a day. (The 39.56% of Week 2 includes the 5.8% from

Week 1.)

Also, Table 2 shows that in Week 4, the MBP-
35 cINAs15/FRN injection group peaked at an egg lay rate of

96.57%. Therefore, from the values in Table 2, the other three
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vehi cul ar inj ectlon volumes (0.2 nmL) of ACE or FRN were used in Goups 1

~and 3 and and 4, respectively. Al 5 I njectio ' Lyen
o‘% %ﬁm ng [ [ [ i ggr)qus'_ﬁegfg{l y

: tuberculin syringes fitted with 25 ga ne

. bqoster inhi b| n i mmuni zati ons of approximately 0.375 ng MBP-cl NA515 per,

- bird, or appropriate control challenges, were3§ubsequent |y adm ni stered for
: five consecutive weeks 10 Beginni ng at 41 days-of age
(con5| dered Day 1 of the egg Iay cycl e) dai | y hen-day egg production

("HDEP") and nortajd:by tl()n HF& lﬁlw &?ﬂgf or 412 consecutll ve
weeks. |n addition, Javerag e at f] rs &?E Bt 18¥i ch
hens reached 50% eweplmﬁ from| Wee gek S. ecobhllmh imrde?f[i;ég
of the four treat nye u #Er%
data were subjected tolegt 30933 fésdn%s rﬂaaéa ﬁst& §%§|§3§€ ﬁfbr@fgégﬂg,eo? th'é'
information is pre%q.'ﬁ?ﬂapﬁrgélpérﬂ"{ @@e&&y ough 3. have been col | ect ed.
Cl(;mjl agl v? piacegtl HDEP r at eTable 3@ives mcaheHDEP'rﬁtéﬁﬁﬂPérééntQﬂ&nPgtt |

s €
|(na>|;| gure 2 (wher efﬂﬁ?d%ﬁ@ MF%& m&é Hi’q{gﬁé%@g%sﬁ&?é&%gog te
treatments) and Fi gomrob versus dmmunized dreatment comparisons. ) Ther column

hi bi I nmuni ze

{DEP T at es. duri ng m%“'%ev&*’a‘ 7 ean THE Average percent Jag mte of e
through 5 conbi neccombingd controli graups; versys hescombined inhibin immynizednt
treatnentig are gi vgroups foroWeeks Mth?oﬂghts cul ar | y the values in Table 2

Stuay, a0 “inf’er EGSE/O o Tahl¥ ¢ BhbeainS FIRSEedg-lay data For batof the, .
In Week 2 of thg: ssnatiyncab saemtostmnsxdededu mei,rmeAﬁﬁugl usl?? &egfﬁ;m a
gﬁg\/\s(m:t S?nSSﬁe?ﬁ% §8fed Iﬁél%&éﬁ%ﬁ tb% %F Ffoﬁ p%%&ed
a0 100,120 FaL SIS e, o e o 06 2 0
rou ote that Table
PCT/ US%/ 02795 31 shows more than a five day accelergauo: of onset of egg lay
... between the birds in the FRN group and the birds-in the MBP-
cINAs;s/FRN group. Also Table 5 shows more than a 3 day
L " -acceleration of onset of egg lay between birds in- the Control
20 group and the birds in the Immunized group. (See Example 8 for
Tables 2, 3, and 4.)
An initial positive effect of inhibin
immunoneutralization on production performance was extant.
. This effect is particularly evident in the pooled HDEP (Table 3)
25 ‘and FIRST (Table 4) data sets where increased numbers of
observations comprising means augmented power of the statistical
tests applied. .
Most timed biological responses to treatments are
studied for effects on onset, magnitude, and duration of response.
30 Herein, the data are preliminary (ie., information on an entire
' laying cycle (approximately 12 weeks post-onset of egg lay) has
yet to be collected. Therefore, a complete understanding of the
underlying mechanism(s) as to how production performance is
altered in quail immunized against inhibin awaits determination.
35 However, the present data does show the effects of inhibin




i njection groups did not peak in Week four as their percent lay rate

I ncreased from Wek 4 to Week 5. The col um under Weks 1-5 represents the

average percent lay rate of each of the injection groups for

t hrough 5W@95/22980 Tabl e 3 gives mean HDEP rates P@rﬁ%’?@éﬁ?

during the sane tinme franes as Table 2, wherein data is pooled for dir.ect

control - versus i mmuni zed treatnent conparisons. The col um under Weks 1-5

represents the average percent lay rate of th3 conbined control groups

versus the conbi ned inhibin i munized 10 " groups for Weeks 1 through

5. Table 4 contains FIRST egg-lay data for both of the statistical

stenari os consi der Hinguroneutralizationi opethe initial rpontiomofgamegy day cyole

pool ed dat a cor.r,parg or@ tTe ﬁgsng first egg lay in Table 4 represents

the statistical nmean”o it g ;/of cliaé egg Lay for all of the

birds in each group. Note th ela&ae hows shat epset Pg&\lb&ﬂy wasdagceelerated :

gPCg' eration K’/fs Ponﬁﬂh@ﬁ%l/igﬁnl Gtaﬁﬁbmz?ﬁoh s.bltfrmswﬁs wmcieﬁtdgﬁpuaﬂg the

birds in the - , S e B.shows nore.than a y

accel eratidon of on faﬁgwsﬁ%éﬁﬁlﬁﬁﬂg i i‘}\eﬁg i3 gEORegree o

group ?ni the bi rflﬂaﬁmﬁbhbcbmﬁdémed@;wsxawﬁammmw therhighet anedn 3,

an : ninitia . : F-IN

production perfor nmgptmg%ﬁeﬁ'&ﬁfBn%@ﬁg’?@cﬁt&%?ﬁtwgrwg?d‘gﬂlth? n

t he pool ed HDEP ( Tstuidy, ® difference thatwas kess qvident (Px.QR88) during\Week 2

I ncreased nunbers vaf 115¢ ' e
gfa ) 2T AR ERIIStreAnTRAR oW BT fereRG Dbsetved

statistical tests eat rent's

| t bi ol o&; cal S

are studild for ef AWBE éem,aymﬁ%, a&rﬁggjiﬁ)gtﬂﬁp‘bg e¥ago
Her ﬁi n,( the dat a abeginringntodntersify .in ob?mmti' jected quailn(Se¢e Figure 2).
cycl'e (approxi mate - 0 . t
cgl | ect egl.o Ther ef o¢é”]s§qﬁ§ﬁmef gf%ﬁg]gﬁé@n&tﬁ fﬁ¥héﬁg§héﬁﬁﬁr%&%g found
mechani sn(s) as t obébmeen oihec twen treatmentagreups @nhibiad viessugi aid-inhibin) zed
agai nst i nhi bin a‘“&xﬁ%ﬁWé‘e{}l{r‘leﬂﬂ@ lsy YR Bilutélf with SRiVandfng

m 3 ata8- o

O

does show the effe I QI
PCT/ US95/182795 time of iay. 'tinﬁeed, when m Weeks 1 through 5 were

-combined, a significantly higher mean HDEP rate of intermediate
statistical relevance (P<.0763) was found in inhibin-treated hens.
| - Japanese quail have been selected for intensity of egg
lay, and egg laying potential is considered to be even greater in
20 Coturnix than in chicken hens (Single Comb White Leghorns)
commercially reared for the single purpose of production of table
eggs. Secondly, the mean age at which immunized quail (51.98
days-of-age) laid their first egg (FIRST) was advanced (P<.0373)
by 3+ days when compared to non-immunized quail (55.33 days-
25 of-age) (Table 4). This effect of inhibin immunization on
acceleration of egg lay was particularly noteworthy in MBP-
cINAs;5/FRN-treated quail which had an average mean FIRST of
50.38 days-of-age (Table 4). These results also indicate that
higher antibody titers to heterologous protein challenge (and
30 therefore greatc- inhibin immunoneutralization) resulted when
Freund's adjuva: was used as the vehicle for MBP-cINA51 5 than
when Acemannan was used. :
Additional evidence supports the conclusion that
inhibin immunoneutralization accelerated the onset of puberty in
35 quail. Specifically, all (100%) of the inhibin-treated hens have
thus far (ie., by 76 days-of-age or Day 35 of the experiment)



32 immunoneutralization on the initial portion of an egg lay cycle (ie.,
onset of p The data shows that onset of puberty was a I n
. the inhibi Npﬁﬁéﬁgﬁ%nt groups. This was evidenced in both the géﬁlugg%i%E
~and FIRST data coll ected. There was a high degree of statistical confidence
. (P<0095) associated with the higher nmean HDEP rate found in inhibin-treated .
. quai’l during Week 1 of the study, a difference 33hat was | ess evident
(P<.0888) during Wek 2 (Table 3) This marginal treatnent group difference
observed 10 duripg V‘ﬁek 2 represent that egg._|l ay, althoulgl
del ayed, was begi nnmﬁjlgﬁie rﬁ%\iﬁ%ywlm e tworef thecentrel-tweated hens: ave et

2 Consequent | t fr¢ comfiEtde s S | ¢ n -
t%le t wo t?eat me%t gm ge%él nhl.b.leg versurFﬁis gﬁ%ﬁstg th%? lf%ev\éeéq%ﬁvmg

expect edl y becone d it HRAFS HE8 8 g'ays then lm% eRizalizatipnn
dat a f][om V‘éeksdl ttna;ut have lmhlcmbl day riachens Shatlmgoﬁhhthe%ﬂi&WlQE%V‘dPEP
rate of internedia a e s -
i nhi bi n- tr?gt ed hengalaj a%%@ée&%u{% Ilfﬁggggéghe 8&% h“% P%\?&nfﬂ%ngﬁ Fyerlf
egg lay, and egg | athenterpeining evoihensobegincegg lay sometime beforecthe end6f
Cot th h §MIQ
re-alrJ<r33I 1)‘(or ?Eel gi ﬁg%gué osey(lf%mr oguct i oﬁw &%%L@‘S#“&Aygggggé%@hﬁge
mean age at which i REFutAY Q%tlﬂ Jep oheﬁﬁj@) Wgﬂl’d h)'ndnﬂth¢mcad|g
(FIRST) was advancepeédssifig 7ﬁ1hli?et Wideny sInvaddidefip wisile (statigtic a{:&lﬁﬁ

n

fomuni ot 19 Sﬁchcéfmq dapf 35 B0 0F (v G T“'efacﬁ W%a%éabpmmemp
gl NA51]§/ SRE-E rT gglt goa L%Tof\theche ave yetcoarpache50%-HDER), theaxaa jority of
t?%/ng toghet er ol ogd(;).)ues pm§ g&?ﬂ{;@?&ﬁ%ﬂ%@%} %3 %E W%ﬁﬁeag tgg

= m URse uridhi

“inhi bin i nmunoneut r‘é‘l’ll

the vehicle for NBR E«EBP tdirdh FIRSTAdatRthag s eﬂﬁ% ? y was
evi dence pports the sian,that . inhi b|n | opneut tal i zat'l on
accel erat ad the onsdfcel %%ﬁﬂ ﬂ‘a ﬂlﬁ ‘g ﬂ‘%‘éﬁ ly, all
(100% of the inhibin-treat edﬁmmn‘dilngly ttbasabave(daa stiywg6tten ytheointtibn or
-Day 35 of the experigFfiosition: of the present invention accelérates the onset of ~
- puberty in Japanese Quail. Since Japanese Quail are an acceptable
animal model for chickens with respect to their reproductive
20 systems, the above data indicates that the method of the present
~ invention will also accelerate the onset of egg lay in chickens.
Accordingly, the method of the present invention will result in an
egg producer being able to produce more eggs with lower feed
costs. o
25 The following is a brief summary of the method of
the present invention for accelerating the onset of puberty in
ostriches as is discussed in Example 9. The average age at
puberty for untreated ostriches is between approximately 28 and
32 months. The following would be the treatment schedule for
30 ostriches having an approximate body weight range of 150 to 300
- pounds: primary (first) injection of 5.0 mg of the heterologous
protein of the present invention on its 26th month of age; and
boosters of 2.5 mg on the 27th, 28th, 30th, 32nd, 34th, and 36th
month of age.
35 The following is a bnef summary of the method of
- the present invention for accelerating the onset of puberty in emu
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I nstigated egg Iay Wmle two of the control -treated hens have yet to

comence % 80 This suggests that if the two renaining hegsy ,g@%g
initiate g% t hen inhibin i munoneutralization may have 1 nduced lay in
hens that woul d have otherwise never 5 | aid. Furthernore, if these
sane two birds never lay, or even if the remaé‘gl ng two hens begin egg |ay

- sonetine before the end of the study (by 124 days-of-age), then the 3+ day
difference in the FIRST egg lay data reported herein wll, by nathematical

necessit further wi.,den. In di t1on tistical testing.of 10
FI'FI TY dgt ais as 8% 1§éﬁsﬁﬂ§ﬁ°%g (fc@ca € YIRSk 288 éF)P%ﬂ!ﬁ'% §or ¢ he
?ens have %/elt tg7r§na’eafé&/ehﬂEE§ ap gbémmnawl t20 qionmssél'hetfonbw would o
approxi mat el y e nlze
This finding furt hg/% &?pﬂgs@sﬁﬁé Bf%ﬁ? gpg{
puberty was 15 weigh t:eangatofdso rtm%lpnundsmpumm'yt(ﬁtst)zmjequm Oflérﬂ
- Accordin I , the a,H% t
present |g vention Q} erates ogBﬁE f’ﬂfteiﬁkk‘)f)'tﬁe ﬁ !ﬁeﬁt t1h9§n%§gl Pﬁ lé?nce '
~ Japanese Quail arel d‘@@@ﬁh egamam st Qf ﬁl m&r@ the nl pth, t o
~their reproductive22fid 24th, 26t aid 30t nidwitcoflaga. | ndi cates that t he

nmet hod of the present | nvent | al so. accel. e te the o y
i n chi ckens. Accordingly, ﬁ%?ﬂmﬂwdpgt’ﬁe nt(s)ﬁ’ &%%SQ?
|n an egg producertttwprgseht énvenpondfor anneéemmgvuhd\ohswroff abe

pr ese.nt |#R/ent i on FWE@ kgvfg?lah%ﬁ{sﬁga *{gegi#“ %rt y‘ﬁﬁ= @?Pﬁgﬁ ?yetsg?

di scussed i n Exanppubertytfor an untrgated chicken bs approximately 20 weeks: rThenes
i s between appfox'f@‘l&ﬂnﬁ&wéﬁlﬂ%tﬂ@ q;xglﬁiéﬁédiﬂb%r"ﬁ’%i’cﬁgngx wsﬁght

treat nent schedul e

r 30 0S rlch Vi n .oyl mat e
range of 150 to SOenpmm&?mﬁF?mdty ff@g?g}fﬁéﬁﬁg é mrnery
het er ol ogous pr ot e(first) rdjecmonseﬁtl lsnm toﬁrthmheterols bumﬁi ¢fuche and

boost o5 215 gl Sydéalon s T30 o L BE D7
the present invent mgiondheatZid, 20sh; 24th, 30ty oﬂnd week ofmage. :

The followmg is a brief summary of the method of

- the present invention for accelerating the onset of puberty in
turkeys as is discussed in Example 12. The average age at
20 puberty for an untreated turkey is approximately 30 weeks. The
following would be the treatment schedule for a turkey having an
approximate body weight range of 9.0 to 12 pounds: primary
(first) injection of 2.0 mg of the heterologous protein of the
present invention on its 28th week of age; and boosters of 1.0 mg
25 - on the 29th, 30th, 34th, 38th, 46th, and 54th week of age.

The following is a brief summary of the method of
the present invention for accelerating the onset of puberty in
parrots as is discussed in Example 13. The average age at
puberty for an untreated parrot is approximately 30 months. The

30 following would be the treatment schedule for a parrot having an
approximate body weight range of 0.5 to 1.25 pounds: primary
(first) injection of 0.75 mg of the heterologous protein of the
present invention on its 28th month of age; and boosters of 0.375
mg on the 29th, 30th, 32nd, 34th, 36th, and 38th month of age.

35 Another embodiment of the present invention relates
to a method for increasing egg production in animals via the
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WD 95/ 22980 PCT/ US95/ 02795 34 as is
di scussed_i n ExagrlﬁDe 10. The average age at puberty for untrgaffgo sl S
appr oxi ma e nths. The followi ng woul d be the treatnment schedule for
enu having an approxinate body weight range of 50 to 90 pounds: primary
(first) injection of 3.0 5 ng of the hehgrol ogous protein of the -
present invention on its 18th nonth of age; boosters of 1.5 ng on the
19t h, 20th, 22nd, 24th 26t h, and 30th nonth of age. The following is a
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present invention P?&férﬁb%eﬂié lififmubolegicil ﬁ‘s bhberxkyasb &ﬁébﬁé@a &mﬁ

G scussed | n Sl Lo T Bho ook T gl Lt oo S8 bt o
schedul e for a parrot havi ng Ere apethod uﬁtthet;mb;enéuy%nmengnayfb@ukdao
: é'rgtSeP(rjluo fhgr ;)szﬂc{egk%\?fé%tdlggﬁfﬁdlﬁgh&ég? n aL e, an&oﬁgﬁzmtof
10.375 ng on the 20PWp duces inbibia. Fhe ardpaal canobe;a birdsnmammalg septile,
. -amphibian, or fish, among others. More specifically, the -
mammal can be selected from the group consisting of, but not
' limited to, a cow, human, horse, cat, dog, sheep, mink, fox, otter, '
20 ferret, raccoon, and pig. A preferred animal is a bird. The
female bird can be selected from, but not limited to, a ratite, a
psittaciformes, a falconiformes a piciformes, a strigiformes, a
passeriformes, a coraciformes, a ralliformes, a cuculiformes, a
columbiformes, a galliformes (domestic fowl), an anseriformes
25 (geese, ducks, other water fowl), and a herodiones. More
particularly, the female bird can be selected from, but is not
limited to, an ostrich, emu, rhea, kiwi, cassowary, turkey, quail,
chicken, falcon, eagle, hawk, pigeon, parakeet, cockatoo, makaw,
parrot, perching bird (such as, song bird, jay, blackbird, finch,
30 warbler, sparrow), and any member of the order psittaciformes.
A preferred bird is a ratite. A more preferred bird is an ostrich.
Another preferred ratite is an emu. Yet another preferred ratite
is a rhea. Another preferred bird is any member of the order
psittaciformes. Yet another preferred bird is a chicken. Stll
35 another preferred bird is a quail. The method of the present
' ~ invention can also be used to increase egg lay in species of birds




35 Anot her enbodi ment of the present invention relates to a
nmet hod for increasing egg production in animals via the WO 95/ 22980
PCT/USQS/?&;%éZ s adm ni stration of an effective anount of thehakRsfkogous
protein o e present invention (conprising inhibin, or a fragment

thereof, and a carrier protein) such that egg production is increased in
the bird. The term "increases" denotes that ggg 5 production of a
treated bird increases at |east about 3% with respect to the anount of egg
production in an untreated bird. Preferably, egg production increases at
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(domestic fow), &4‘%‘8 %4 ﬁe%fﬁgte Wfﬁ(@@%ééa
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selected from bub q% N lsg‘%i@gaﬁ&&@ ostrich, enu, rhea,

cassowary, turkey, , eagl e, havvk pi geon, par akeet ,

' cockat oo, makaw, parrot, pellt:hlmgtOblei Qndctst&md sthag bhed;nhﬂ:;m lihack®i r d,

finch, 3 , f

psittaciftornes. £Q.Per l?)gﬂ??m n raaw’e m)rg spr e s%ggsbﬁo glhlgh an

ostrich. Another Eﬁ%f OEQPFtErqt@IQrWMC istened. pForcexampleitate
heterologous protein that is administered to an ostrich can be

comprised of chicken inhibin and a carrier protein. It is.also to

be understood that the composition can further comprise
20 adjuvants, preservatives, diluents, emulsifiers, stabilizers, and

other known components that are known and used in vaccines of

the prior art. Any adjuvant system known in the art can be used

in the composition of the present invention. A preferred adjuvant

system is Freund's incomplete adjuvant. Another preferred
25 adjuvant system is Freund's complete adjuvant.

The heterologous protein composition of the present
invention can be administered to an animal by any means known
in the art. For example, the composition can be administered
subcutaneously, intraperitonealy, or intramuscularly. Preferably,

30 the composition is injected subcutaneously. The composition can

be administered to the animal in one or more doses. Preferably,

- the composition is administered to the animal in multiple doses

wherein an initial immunization is followed by booster
immunizations.

35 The composition can be administered to a female

| animal at any time before the animal ceases to ovulate due to

(Di
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another preferred bird is a quail. The method of the present invention can
al.so be used to increase egg lay in species of birds WO 95/ 22980

- PCT/ US95/ 02795 36 that are endangered. Such enggmgered birds include, but
~are not limted to, eagles, hawks, condors, ow s. The inhibin and the
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trich inhibin when the conpgsitl] [$.t mnrster an ostrich
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protein need not betd inerease eggepraductiontaf \dgndultll;ulmalsowhiﬁhﬂiﬁ@ n
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carrier protein. |tCOBPASIEOnyis,Prior dosthedstartof; the dreedingi seasom In
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zf at IheI prior art. @“ﬂ]m BnvRPBSSeH £RE RF?dBﬁ?rOBer%Gedh the:
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Egﬂﬂg : l:(r)\colrrgt: a \%ﬁ? h‘l‘ﬁ%ﬁbgﬁ g%?gbg&égpﬁ conposition of the

mp

present invention can be adm pmemmple; alrtheughsnheb eterplampkotun can
the art. fgr exanplise aREiMQBRES ithi D BirkP a@danraggé 3t ays
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~intraperitonealy, o intr scularly. Prg,f‘ %ﬁe’ con %n
‘i's injected subcut o Ffllgu Ebﬁrﬂé% omﬁgggﬁor to the bird's first breedmg

season is preferable. It is understood by those of ordinary skillin .. .

the art that average female birds initiate egg lay during the first

breeding season. It is even more preferable to immunize the bird
20 -approximately six months prior to the bird's first breeding

season, and then to administer booster immunizations at one

month intervals prior to the bird's first breeding season. It is

most preferable, to immunize the bird approximately six months

prior to the bird's first breeding season, and then to administer
25 booster immunizations at one month intervals for six mdnths.

The amount administered to an animal of the
heterologous protein of the present invention varies according to
the species of the animal, the age and weight of the animal, when
the protein is administered in relation to the breeding season (if

30 the animal has a breeding season), and how many times the
protein is to be administered. One of ordinary skill in the art in
view of the teachings of the present invention would be able to
determine by routine testing the amount of heterologous protein
that will be necessary to illicit an immunological response to the

35 protein by the animal.



be adm nistered to the animal in one or nore doses. Preferably, the
conposition is admnistered to the aninmal in nultiple doses wherein an
initial i ngsddggon is followed by booster immunizations. 3pcriusesn279s
The conpositi'on can be admnistered to a femal e animal at any time before
t he animal ceases to ovul ate due to . WO 95/22980 -
PCT/ US95/ 02795 37 di sease or age. The preferred age at which the
conposition of the present invention is adm n3&tered to an ani mal depends
upon the species of the animal involved, the mating season (if any) of an
ani mal , and upon the purpose of the adm nistration of the 5
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then to d@n nister pnmary immunization; c@mpneesrwweent@mmmlti
biTd approxi mat ol y S RO nag DERE ‘3“%'8“%%6“ FRORIR; GF the &ssmﬂzégnbﬁe
and thgg to admi nlygi’éxb‘i%s san 1 s‘? ’W}gﬂ iaya%
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15 | Freund's Complete Adjuvant (Sigma Chemical Co., St. Louis,
MO) in the primary immunization, and that the heterologous -

protein is emulsified in Freud's Incomplete Adjuvant (Sigma) in

the booster immunizations. Even more preferably, the

- heterologous proein composition is injected subcutaneously.

20 Most preferably, :ie heterologous protein composition is injected
subcutaneously at three sites along the upper thigh region of the

- ostrich.
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‘The method of the present invention of increasing

egg production in birds provides a greater increase in egg

25 production in species that have not been genetically selected for
the trait of prolific egg laying. For example, chickens have been
genetically selected for maximum egg production since the late

1920s. See, for example, Jull, M.A, 1932, Poultry Breeding,

John Wiley & Sons. In terms of the short life span of a chicken, a

30 great deal of selection for this trait occurred over the period of
~ time from approximately 1928 to the present. In contrast, ratites

and psittaciformes, and most other exotic birds, have not been
genetically selected for the trait of prolific egg laying. Also,

birds that are endangered have also not been genetically selected

35 for the trait of prolific egg laying. Accordingly, as chickens are
already genetically excellent egg layers, the amount of

ar the suppression .
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. admni stere

the protein is admnistered in relation to the breeding season (if 30

the ani maly, § ,Eggsgreedl ng season), and how many tines the pretenuses/nd® be
e of ordinary skill in the art in view of the teachings of

the present invention would be able to determine by routine testing the

amount of heterol ogous protein that will be necessary to illicit an

i nmunol ogi cal response to the 35 prote|39by t he ani mal . WO

. 95/ 22980 _PCT/ US95/ 02795 38 For

. exanple, for best results in increasing the egg production of a fenmale
. ostrich, ?Frlgaryn{n prowvement vhat scar beniseear wdth Qhermemhbd:jﬁit’lﬁhe resent
. approxi mately no en er

i 1 mMuni zations are \E%tpoeﬁ 2%91‘#@@: éoé%&pﬁggsoﬁgﬁﬁﬂﬁ?ﬁgm I%ef%?né}gﬁ

mont hs. The pri marpoortarmediummeggnlayerss Thereforesaomuchrgreater Garfiount 4. 5
: of the heterolo t

omini zat i ons. compel LERRgfelich b hifrite %&l%ﬁ%iﬁgﬁ S g fkthod
het er ol ogdus pr ot le'lthﬁ mq;rmy@nnqmmﬁh it ﬂl@f‘éﬂ\éﬁ)w n genetieally
primary inmunizati ﬁleé%ﬂ)rfoﬁeﬁrdlmb’eég ams&ﬁgl Such us]ratitds ngﬂitfﬂ’o?fne%he

het er ol ogous prot el g& B ent J NV haﬁbooster | ni zat1 ons
. conpri se between a '31"'5 & §r ?gdtﬁn e het erol ogous protein
of the present invention. ItAlnmhbs(Bxampéeaiﬂ the Imthddafbeuncnéasgngle
Chem cal co. . st DERCtilys g8 folloRE An PHBCAVE fiodheie o f%f%ﬁﬁsaged
het er ol 0d@us pr ot @uereiw& protain,; qommﬁ:ugnl madpnms;em #0zatmasimah)
in the booster | il MatcdiP immiiologReAl ﬁ%ﬁ)ﬁ&él&dﬁuﬁ mmeh%ﬂrng@%ﬁﬁ

: 1 1
Pert] heter of ogousisoiiiectd AEARSH %rﬂ'é?? ghus. protginy 1heshierologe

~sites along the Umeteim;sypmfwably obm;bnseztbflmhmxﬁhﬁanahhﬂsinoéoﬁ ated
Phere Tt e AR Brol Al i&s?é%zédbzzw%uaa&a«i o
~geneti callSy sel ectheterologous prateinois gooprised @fyavian og. repsilian anhibin,
- chi ckens have beenaﬂd"?ﬁi!t&s"é bi’n(ﬁﬁheﬁf&elﬁor maxi mum egg production since:
the late .. . | *“The immunization of an animal with the heterologous
protein of the present invention induces the animal to produce
antibodies selectively directed against the heterologous protein.
20 Preferably, the immunization also induces the animal to produce
" antibodies selectively directed against endogenous inhibin. The
production of such antibodies by a bird reduces the time to the
onset of puberty or egg lay. The production of such antibodies
- by the animal also enhances the animal’s egg production capability
25 as the antibodies neutralize the biological activity of inhibin in the
animal's blood stream.
Not wanting to be bound by the following theory, it
is believed that the o-subunit of inhibin binds to FSH receptors
_ and therefore competitively inhibits the binding of FSH with such
30 receptor sites. Reducing the levels of inhibin that may bind with
receptor sites, therefore increases the biological effect of the FSH
in the animal as there is reduced competition for the FSH receptor
sites. It is thought that the antibodies neutralize the inhibin by
interacting with the circulating inhibin, thereby stearically
35 interfering with the binding of the interacted inhibin to the FSH
receptor sites.




1920s. See, for exanmple, Jull, MA, 1932, Poultry Breeding, John Wley &
Sons. In ternms of the short |ife span of a chicken, a 30 great deal
of sel ectiwgdsphogohi S trait occurred over the period of tinep&rwspsn279s

approxi mately 1928 to the present. In contrast, ratites and psittacifornes,.

“and nost other exotic birds, have not been genetically selected for the
trait of prolific egg laying. Also, birds that are endangered have al so not
' been genetically selected 35 for the tr4Pt of prolific egg |aying.

- Accordingly, as chickens are already genetically excellent egg | ayers, the
- amount of WO 95/ 22980 .
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e%ganggr egs bi r ds. Eﬁ‘h@fegm 3?yt ﬂgE%t t(?ﬁxgh‘i‘f EW%@E?V total
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ol ogi oal " espShGieAses 3t 1eakt aBod Ta% > NICRE prfteta BTy Wal ki begc
het er ol ogous' pr ot elay ingeeaseseableassaboibld%. i it s to deanngderstood that wf
manmal i an i nhi bin gt Biird i’s ®birds fo Whith thé’'he géﬂ? bleib’ 6f

conj ugat ed 15 heterpol o rotein is c.o ris n or rep |an
i nhi bin, ¥hd mal toPEeﬁﬁq{d%%%F &aﬁ becn. ﬁdm ﬁonﬁﬂﬁ?ﬁh seribedith
the heterol ogous plifecimeoftotak eggsday iof ebirdy wouwldebd hih@r@a%éﬂ lpy

20 b cf or ab) GOTHALT %’ifﬁiﬁﬂa%f?%‘%ﬁﬂ?%ﬁﬁ#ﬂﬁteﬁﬁsﬁ?tém' et

anti bodi es sel ecti theypmS%m W@lﬁonsme Aan mmmtnoiogtcml p'esplonSe on

of such anti bodi es b dgﬁni e
egg Iay The produ&tlon [ antl | es rs% @lﬁ% an| na aI so enn ance%ﬂé he
al

ani mal ' s Byg pr oduBeterel QSB'A% |RI'PF§H!2 ooste maintain; maxiswme or thighee
-the biological actthan ynofmahhepgnldy) t More particularly, if-the heterologous
- protein of the present invention is continually administered to the
female bird, in the approximate dosages as disclosed in the
methods described above for accelerating the onset of egglay or
20 puberty, the lifetime total egg lay of the bird will be increased in
comparison to if the bird was not treated with the composition of
the present invention.
Generally, the method of the present invention
. results in a greater increase in lifetime total egg lay in species of
25 birds that have not been genetically selected for the trait of
prolific egg laying. The lifetime total egg lay of a bird is limited
by the number of gametes that the bird is born with. However,
some species of birds have been genetically selected for maximum
ovulation or release of eggs. As stated above, for example,
30 chickens have been genetically selected for maximum egg
production since the late 1920s. In terms of the short life span of
a chicken, a great deal of selection for this trait occurred over the
period of time from approximately 1928 to the present. In
contrast, ratites and psittaciformes, and most other exotic birds,
35 - have not been genetically selected for the trait of prolific egg
laying. Also, birds that are endangered have also not been -




animal's blood stream Not wanting to be bound by the follow ng theory, it
is beli eve@ he a-subunit of inhibin binds to FSH recep{,@f)gsﬁma,gs-
therefore td |ver inhibits the binding of FSH with such 3 :
receptor sites. Redum ng the |l evels of inhibin that may bind W|th receptor
sites, therefore increases the biological effect of the FSH in the ani mal

as there i's reduced conpetition for the FSH r4iceptor sites. It is thought
that the anti bodies neutralize the inhibin by interacting with the

circulating inhibin, thereby -stearically 35 interfering vvlththe
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present invention
t her eaf t 80 adni ni dnerease ain difesimiey ¢o Lngg day hehemfore, rebnltsrnlothms

protein (boosters) "rgq t
More particularly pt'o?l dﬁﬁf%ﬁﬁ(bﬁg eQ&ﬁ-hF lf@glv%r?esen'{r |’%§A@ﬁ§n S
continual Iy adni ni& her peofif G&fe approxi mate dosages as
di sclosed in the methods desUmexpe abdy? fg{e agemMpo ﬂtﬁdtg bﬁetﬁésPTreQént

ner ohsed i n compdrvERfGn;an'dife’ e Hsedfed itredilor ifh R Bt gRlesa | on

of the pifsent i nuaolt @ fetaler dirg, tMometpmticnﬁatlwe wehencompumumn

described above is continually administered to the female bird, as .~ =

+*- disclosed in the method above, the rate of egg lay of the bird, in

comparison to if the bird was not treated with the composition of

the present invention, would remain high enough so that the bird

20 would not need to be molted to improve its rate of egg lay. Itisa
| common practice in the art to molt a female bird, such as chicken
hens (single comb white leghorns, table-grade egg producers),

when its egg lay production declines such that the economic cost -

- - of maintaining the bird outweighs the economic benefit yielded by
25 the eggs produced. To "molt" a chicken hen, the bird undergoes
a period of fasting of approximately four to fourteen days until it

beings to molt, e.g., lose its feathers. During the molting period,

“the bird stops laying eggs. After the bird is placed back onto

normal levels of feed, egg production recommences after a period

30 of time. The entire molting period is approximately two months
from the beginning of the fast period to the onset of the next egg-

lay cycle. In effect, the egg production rate of the bird is
rejuvenated. However, after molting a chicken, its rate of egg-lay

in the next cycle does not equal the egg production during the

- 35 first (pre-molt) egg-lay cycle. M. North and D. Bell,
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st ated above, for exanple, 30 chi ckens have been genetically

sel ected for maxi mum egg production since t48 |ate 1920s. In terms of the
short life span of a chicken, a great deal of selection for this trait
occurred over the period of tine fromapproxinately 1928 to the present. In

contrast, ratiteCamineial EhickendRroduation Manuakrfourtlt edition,dShapéer
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genetical |y poor dfoe gfgolagrmcimkd:nasy1:orssduifeeelght>rto , nineveg g EtE:nl daysase
d¥e tl % By

inthe lifetine t ﬁtaﬁéﬁgﬁ Bgrslf'%é % EF%PffIC

i nvention with b|

egg |aying, suchegg production decreasasotorapproxima y % ofpdak eggilay

endangered Dbi rds.A{iis1foint, the 'cost e'fbéd ?8% gﬂeﬁt\ér
therefore, results in_t Ke) uctlon eggs rrom er of
birds, Welding 4hgivalue qu eEERA; eﬂp\smmonmt@mt the |

CFWOSIEIOPhOf thlgeltculﬁekah atrﬂﬁsltpdiﬂtcﬁﬂthétswmdﬂfewghiéksiﬁtﬁé&ﬁﬁﬁléﬁl dces
elimnate the nee re particularly, i
the conposition 55&%}%3&5 %\Pén?# A&fﬁ‘ﬁéﬁﬁgé dm ni stered to the femal e
bird, as disclosed in the nEherefor¢,othe compositiono6f ¢he presentf inveation,d, in
conparison to |f thr t

present invention, m%%gﬂglﬁwa{ﬁw 9%1 h@{f)&m II’;i‘;dwoul d
not neelSto be mVErRNOE detht qspmm%gg reduces oreliminates

practice in the ajded o okt £ birdaThd réduction 'oraélimihation of the need to

molt a bird results in significant savings. More particularly,
overtime' a bird is molted the bird has been unproductive with
| respect to its feed cost before it is molted, and then it is
20 unproductive for a period of time after feeding recommences.
Maintaining the rate of egg lay at an enhanced level therefore
eliminates or reduces these unproductive phases of the bird,
thereby reducing the producer's costs and increasing the
producer's profits. Maintaining the rate of egg lay at an enhanced
25 level further enhances egg producer's profits as the rate of egg-
lay after molting does not equal the rate of egg-lay in the first
cycle of egg lay as discussed above.
. Briefly described, the rate of egg lay of birds would
be enhanced, thereby avoiding the need to molt the bird, by
30 administering an effective amount of the heterologous protein of
the present invention to induce an immunological response
thereto, and thereafter administering an effective amount of the
heterologous protein (boosters) to maintain a higher than normal
rate of egg lay. :
35 " Another unexpected and surprising aspect of the
present invention is that the composition of the present invention
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it is molted, and beeunderswoﬂ) that a 'Utrpated'ctbird isora bipdrtwowhich i the
~after feeding recopgRiioldgous protein of the present invention has been
‘administered. The term “lower cholesterol” or "low cholesterol”
* denotes that the cholesterol content of an egg is lower than the
20 average cholesterol content of eggs produced by that species of
bird during the lifetime of such a bird by at least about 10%.
Preferably, the cholesterol content of a low cholesterol egg is
lower than the average by at least about 20%. More preferably,
the cholesterol content of a low cholesterol egg is lower than the

25 average by at least about 30%.

It is known that in chickens, the first five to six eggs
that are laid by a female bird (hen) after it reaches puberty are
lower in cholesterol than the eggs it later produces. The
composition of the present invention induces the female bird to

30 lay eggs having a lower cholesterol content for a longer period of
time. Due to the health consequences linked to high cholesterol
levels in the blood, there remains a need for low cholesterol egg
products. Accordingly, the composition of the present invention
provides the producer of eggs with a greater number of a highly

35 sought after type of egg.
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Mai ntaining the rate of egg |ay at an enhanced | evel therefore elimnates
or reduces these unproductive phases of the bird, thereby reducing the
producer’ géd9gand i ncreasing the producer's profits. Mi RCATUPHREONe
rate of egg lay at an enhanced 25 | evel further enhances egg
producer's profits as the rate of egg- lay after nolting does not equal the -
rate of egg-lay in the first cycle of egg Iaé4as di scussed above. Briefly
described, the rate of egg lay of birds woul d be enhanced, thereby avoiding
the need to nolt the bird, by 30 adninlsterlng an effective anount of
. the heterol ogous protein of rese ny. 0 induce an

i imunol ogi cal response therébéerﬁﬁﬁe ttﬁﬁr@ﬁﬁ%& é{}.rrhﬁ ?FE??%I%‘FF%?%JPFW
am).unlt of thef het Qﬁ@irs& ep peoductionsand fortacoelerating the lomseeoft égg
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sarpri si ng aspect ﬁh@“ e‘éféﬂtgﬁeﬁ@&n?ﬁé‘?}e@%ﬂ& gfﬁgﬁ:ﬁ %gﬁf@@gxl@}oy he

present inventionand tierefore the market for rantes such as ostrich and emu as

contont i 222;);‘?.@%% @%ﬁ? ekt ol Wil B gy el

particularly, if ofthecpresent tnvention Pesatisy she
femal e bird, as d'ciﬁnﬁﬁg ﬂbef tdtimemc%iﬁekébs,&nd their
content of the eggs |al ﬁgy t he % d w be reduced for a | onger period of

time in conpariso®&88-if the bird was not treated with the conposition of

the present invention. TherEhentilityhef tsermethoidoof thie p’resqmanvantlon\fentlon
| ncreases,. or poduces_a at W

The termd0"i ncr eadBer “g ggge%ég%f& JQ& ltl % éreékgneg %$g| ow
chol esterol eggs |productibmbinabirdsat c¥hsi presentr mhgdafor dRereasingt €ggo

Wi th respect to t Gyeldesbe S Esdse YHAhRpat ed
bird. Preferably, %M ag*‘l‘}(&o holigs?ehpreqe eg O? duce%?ﬁiglr s at

| east about 15 = animal % XAEp ,emﬂ%sepﬁcﬂ’ééﬁ gan| Rgsus "afggﬂ

15% It is to be lih@?ééél ggltpmdﬂdtéehem tiost animadlsr thato arki rdisede

ermtlo ‘#Sch&r c sttty S By RS, TE, steeg il bRk Fffher
. : ‘the method of the present invention can be used to increase egg -
producnon in fur bearing animals such as mink, fox, otter, ferret,
- - and raccoon, and in other animals whose hides are used for
. decorative purposes. - Also, the method of the present invention
20 for increasing egg production can also be used to increase the
population of many animals such as exotic or endangered species,
and with regards to endangered species the method may thereby
prevent their extinction. The method of the present invention can
" also be used for increasing egg production in animals used for
25 racing, entertainment, or showing (competitions) such as horses,
dogs, cats, zoo animals, and circus animals. Further, the method
of the present invention can also be used as a therapy for
infertility in humans.
Another aspect of the present invention is a method
30 of producing antibodies directed a' :inst the heterologous protein
of the present invention. Generz y, the method of producing
antibodies directed against the heterologous protein comprises the
steps of: administering an effective amount of a heterologous
protein comprising inhibin protein, or a fragment thereof, and a
35 carrier protein, to an animal such that an immunological response
occurs in the animal against the heterologous protein; removing a
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For example, heterologous protein

s

administered to an ostrich to produce ostrich anti-chicken inhibin

" antibodies. Also, heterologous protein comprising ostrich inhibin
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30

35

and maltose binding protein can be administered to an ostrich to
produce ostrich anti-ostrich inhibin antibodies. |
| The present invention also relates to a method of
determining the amount of inhibin produced by an animal, which
therefore allows the determination of the egg production
capability of the animal. Briefly described, the method of
determining the quantity of inhibin in the blood of an animal,
comprises the steps of: withdrawing a blood sample from an
animal; contacting the blood sample with anti-inhibin antibodies
that are specifically directed against the animal's endogenous
inhibin under conditions which allow the antibodies to selectively
interact to any inhibin if present in the sample; removing any
uninteracted antibodies from any interacted antibodies; and
determining the quantity of antibodies that are interacted. ,
One of ordinary skill in the art will understand that
the immunoassay techniques that can be used in the above method
are well known in the art. Therefore, any immunoassay

as
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and raccoon, and in other animls whose hides are used for decorative

purposes. Also, the nethod of the present invention 20 ' asing .
egg produowoos22z98m al so be used to increase the popul ation olfé%#ﬁmg?snal S

such as exotic or endangered species, and with regards to endangered

species the nethod may thereby prevent their extinction. The nmethod of the
present invention can also be used for |ncre ng egg production in animals
used for 25 raci ng, entertai nnment, gﬁ%mnng (conpetitions) such as
horses, dogs, cats, zoo animals, and C|rcus animals. Further, the method of

the present inventjo can o) I
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ELISA techniques. First, bind anu-lnhlbm antibodies which are

directed against a portion of inhibin, or a fragment thereof, to the

wells of a microtiter plate. After washing and blocking the plate,

20 then add a quantity of blood plasma that was obtained from the

bird to be tested. After allowing any inhibin in the sample, if

present, to selectively interact with the immobilized anti-inhibin

antibody, the sample is washed from the well of the plate. Next,

- add labeled anti-inhibin antibodies to the well than that are

25 directed against a different portion of the inhibin, or a fragment

thereof, than the antibody immobilized in the well. The antibody

can be labeled with any label known in the art, such as

horseradish peroxidase. After allowing the labeled anti-inhibin

antibody to selectively interact with any immobilized inhibin, any

30 - uninteracted labeled anti-inhibin antibodies are removed by

washing. The amount of inhibin present in the plasma sample is

determined by using the appropriate visualization means for the

label used in the ELISA to quantify the amount of immobilized

labeled anti-inhibin antibody in the well. Standard positive and

35 " negative controls are to be run simultaneously in neighboring
plate wells.



antlbody is desired. For exanple, heterologous protein conprising chicken
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* produce ostrich anti-chicken inhibin antibodies. A so, heterol ogous protein
conmprising ostrich inhibin 20 - and maltose binding protein can be-
~adm nistered to an ostrich to produce ostrich anti-ostrich inhibin

antibodi es. The present invention also related47to a method of deternining

t he amount of inhibin produced by ‘an ani mal, which therefore allows the
determ nati on of the egg production 25 capability of the aninal.
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egg producing animal may be taken to' slaughter instead of being
. kept for breeding purposes. In contrast, those agriculturally
raised animals having lower amounts of inhibin are higher egg

20 producers and generally are used for breeding purposes, and are
not taken to slaughter.

The inhibin level in an animal varies according to its
age, species, and the time of year relative to the breeding season
(if any). Therefore, the determination of the egg laying potential

25 of an animal is relative to the these factors, and a measure of an
animal’s inhibin levels are most valuable when compared to the
average inhibin levels of the same species of animal, of
approximately the same age, at the same time of year if the
animal has a breeding season.

30 As the amount of inhibin produced by a bird varies
according to the above factors, relative amounts of inhibin are
established below for different age categories of birds. Table 1
illustrates the variance of ratites such'as emus and ostriches in
their inhibin production dependent upon whether they are poor or

35 good egg producers, and dependent upon the age of the ratite.

D




is less than 0.2[err] in dianmeter. 15 For exanpl e,
circulating inhibin concentrations in the blood of a bird can be determ ned
usi ng st anwres/a298edwi ch ELI SA techni ques. First, bind anti-i RGTAISAS/0279S
ant i bodi es which are directed against a portion of inhibin, or a fragnent
thereof, to the wells of a mcrotiter plate. After washing and bl ocking the
plate, 20 then add a quantity of bl ood ﬁ%asna that was obtai ned from
the bird to be tested. After allowing any inhi*8Bin in the sanple, if
“present, to selectively interact with the immobilized anti-inhibin
~antibody, the sanple is washed fromthe mgklbafdﬁmeplate. Next, add

|l dbel ed anti-inhibin antibodies to the wel 13DR&nk that are 25 directed
- against a different portion of the i nhi bin, or a fragnent thereof, than the
ant i body imobilized in tns The aﬁ'h?de can be | WL any

| abel known in the art, BCa s hor ser adPB P1Ber oxi dase. uﬁnﬂﬁmnng t he
| abel ed anti-inhibin ant(MnnbhsDo sel ect i Lewgll nteract witPgagtapmobilized

i nhi bin, agy 30 uni nteracted | abel ed anti-inhibin antibodies are
renmoved by™ washi ngThe—amourmt—of i b presemt—Tmtihre—ptasre—serpte i s -
determ ned by using the appropriate visualization neans for the |abel used
in the ELISA to quanti fy 6-12 amount of inggbilized |abel ed gydp i nhibin
antibody in the well. %?gard positive gnd_35 negative controls are
to be run simultaneously nei ghbori ng | ade wel | s. voderat® 5o

PCT/ US95/ 02795 47 It is t61RBe understood)tl]g§ the reproduct Ggodootential of
any ani nal,Wwhi ch produces .inhibin can be determ ned by the above method.

The net hod” of the present invention can be used to determ ne the anmount of

i nhibin produced by a fengf aninmal 5  >7 of any species tRebrproduces

i nhibin. The animal can bgqa bird, nmanmmah,_or reptile, a rs. More
specifically, the mammal n be selecte BfrzS1the group ggﬁ%#%%pﬁg of , but

not limted to, a cow, hu , horse, caty- sheep, ni nk, Good otter,
ferret, raccoon, and.pig. The bird can be selected from 10 but is
not limt to, an ostrich, enu, and chicken. A preferred anrnmal 1S a bird.
A nore pr&ferred aninmal is a ratite. An

. In the above table, the inhibin level is relative:to a

| standard pool value of 1 for female ratites averaging 50 to 60
eggs per breeding season, which is good, and a value of 7 for a
pool of functionally non-producing female ratites which produce
20 - less than 5 eggs per season, which is poor.

Yet another aspect of the present invention is a
method of producing animal antibodies directed against a class of
another animal's antibodies, such as IgG. Briefly described, the

- method of producing antibodies in an animal which are directed
25 against another animal's IgG, comprises the steps of:
administering an effective amount of a class of a first animal's
antibodies, such as those produced by the above described
method, to a second animal such that an immunological response
occurs in the second animal against the first animal's antibodies;
30 withdrawing a blood sample from the second animal; and
isolating the second animal's antibodies from the serum of the
blood sample as described above. Preferably, the second animal
is a different species than the first animal.
| The present invention is also directed to a method of
35 determining if an animal has immunologically responded to the
administration of a composition comprising inhibin. This method




especially preferred animal is an ostrich. Another preferred animal is an
emu. Yet p@béeesdreferred animal is a chicken. Animals haviR@r/u8§02198vel s
of inhibin have | ow 15 reproductive potential, and dependi ng upon the
speci es involved and whether they are raised for agrlcultural pur poses, '
such a | ow egg produci ng ani mal may be taken to slaughter instead of being
kept for breedi ng purposes. In contrast, t ho48 agriculturally raised

ani mal s having | ower anounts of inhibin are higher egg 20 producers
and general ly are used for breedi ng purposes, and are not taken to
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(Mont hs) lvehith are directed ag@instra ickassGofl the first animal's“antibodies
2883 ?613 4+ are ﬁideg? The labeled Mﬁ%ﬁé{ ﬁﬂ%ﬁ are directed gggﬁlsﬁhe
Moder at e 24+ animal amtibodies will then selectively interact with the antibodies
which are bound to the immobilized inhibin. After removal of

15 - the uninteracted labeled antibodies, the presence or quantity of -

interacted labeled antibodies is determined by visualizing the
label;: Thus, the method detects the presence of antibodies
~ directed against inhibin in the animal, and therefore determines if
the animal has immunologically responded to the administration
20 of a composition comprising inhibin.
' It is to be understood that the method of determmmg
-if an animal has immunologically responded to the administration
of a composition comprising inhibin can be performed on a
- female animal of any species. The animal can be a bird, mammal,
25 or reptile, among others. More specifically, the mammal can be
selected from the group consisting of, but not limited to, a cow,
human, horse, cat, dog, sheep, mink, fox , otter, ferret, raccoon,
and pig. The bird can be selected from, but is not limited to, an
ostrich, emu, a rhea, and chicken. A preferred animal is a bird.
30 A more preferred animal is a ratite. An especially preferred
animal is an ostrich. Another preferred animal is an emu. Yet
another preferred animal is a rhea.
~ One of ordinary skill in the art will understand that
the immunoassay techniques that can be used in the above method
35 are well known in the art. Therefore, any immunoassay
technique, label, and visualization method can be used in the



15 In the above table, the inhibin level is relative to a standard pool
value of 1 for fenmale ratites averaging 50 to 60 eggs per breeding season,
which is gp@ds2aag a value of 7 for a pool of functionally neFrBssibasisng
feml e ratites which produce 20 less than 5 eggs per season, which is
poor. Yet another aspect of the present invention is a nethod of produci ng
ani mal anti bodi es directed against a class of another animal's antibodies,
such as 1gG Briefly described, the nethod of0produci ng antibodies in an
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15 immuno oglca ly respon e to the administration of a
composition comprising inhibin wherein the immunoassay method
is modified as follows. Briefly described, the method comprises
obtaining a sample of blood from an animal, and contacting it
with labeled animal inhibin, or a fragment thereof. The sample is

20 contacted with the labeled animal inhibin under conditions
wherein the animal inhibin will selectively interact with any anti-
inhibin antibodies in the sample. After removing uninteracted
labeled inhibin from the sample, the presence or quantity of
interacted labeled inhibin is determined by visualizing the label.

25 ~ The inhibin used in this method is selected from, but is not
limited to: the fused heterologous inhibin protein of the present
invention; endogenous inhibin, or fragments thereof; and
exogenous inhibin, or fragments thereof. Preferably, the labeled
inhibin is endogenous inhibin.

30 This invention is further illustrated by the following
examples, which are not to be construed in any way as imposing
limitations upon the scope thereof. On the contrary, it is to be
clearly understood that resort may be had to various other
embodiments, modifications, and equivalents thereof which, after

35 reading the description herein, may suggest themselves to those

anbydi es -



animal antibodies will then selectively interact wwth the anti bodi es which
~ afje bound W('H ;ig 4 oobi Iized inhibin. After renoval of 15  pernisbsoares

uni nt er act el'ed antibodies, the presence or quantity of interacted
-}-abel ed antibodies is determ ned by visualizing the |abel. Thus, the nethod

~ detects the presence of antibodies directed ggainst inhibin in the animal,

anhd therefore determnes if the animal has i nol ogi cal Iy responded to the
adm ni stration 20 of a corrp05|t|on corrprlsmg |nh| b|n It is to be

understood that t of det, ni | a nol ogi cal | y
responded to the M‘ﬁ Eéﬁﬁé@% @o §E’r ?EEH?"EQE’% be
performed on a f eifpiention aﬁd/drfmempoppawma@mdadam:man be a bird,

manmal ; 25 or reptile, anong others. Mrre specifically, the manmal

can be selected fromthe group consisting of, but not limted to, a cow,
human, horse, cat, dog, sheep, nink, EiAMH.ﬁ_l ferret, raccoon, and pig.

The bi d b

rhga, | ;n 2R| cieﬁﬁézﬁb?derrggdgg}lnga? ﬁ&d %Ehé ?ﬁgg&ct%vﬁﬁh'ki% J)}Ig;erred
animal is a ratitenc pémressngw Mlhﬂl 4@&1865&4"&0 éanmer

. preferred ani mal 'fp smgjmaYﬁis irred animal is a rhea. One of

- ordinary skill in the art rs.ta hat e, l noa sa tec es
that can be used in the ab%%&?ﬂg ﬁhpw g’sﬁc&]

~ Therefore, any i rrguneawaﬂucecbompnsmgbal gemd (cINAIS 75 |encortedno£b1can

be used jn the

per veodBor0e sceXfressint & Basme &Q%f 8}9%% spbupit chicken ?‘EP*%XSE%Pa

preferred | abel .mzﬁmsa hIEe sm ragens encerded far | expressing:

colored I atex beaghy r

vi sual i zati on pur ses Er e‘?e the ﬁ%d%ﬁ%r%&a oﬂﬁtﬁé @QSé red,

bl ue, or green. eniion i Féﬁ fBQ% tbsnpﬁiﬁi&?‘rsv%?t%ok}d BIR ew
preferably IS h0|Eﬁ‘gMMBibIabﬂBe\ﬂd' Mashchuéétts size of the | atex bead

e B b i CoTHECAMAL S SRR BN ' AR
yet does not 10 expresmngraepmmanpmssp OonX ReC medogenayonnpnn ons.
Preferably, reading frame. The cloned gene is inserted downstream from a
malE gene, which encodes maltose-binding protein (“MBP”), and
results in the expression of an MBP fusion protein (*"MBP-
20 <INAs15"). The method yields high-level expression of the cloned
sequences, and a one-step purification for the fusion protein,
MBP-cINAs15, using MBP’s affinity for maltose.
The following is a Method of Ligating the Inhibin
. Gene, cINAs; 5, into a pMAL™.-c Vector:
25 1. Digest 0.5 ug pMAL™-c plasmid DNA in 20 pul with
chicken inhibin gene, cINA3s1s.
2. Digest 20 pug of A DNA from the gt 11 clone in 200 pl with
chicken inhibin gene, cINAsjs.
3.  Add 0.05 Units of calf intestinal alkaline phosphatase (NEB
30 #290) to the vector DNA digestion. Incubate at 37°C for 1
hour.
4. Check for complete digestion by running 4ul of the
pMAL™ reaction and 15 pl of the A reaction on a 0.8%
agarose gel. Add 1 ul and 8 pl of 0.5 M EDTA to the
35 pMAL™ and Agtl1 digestions, respectively.



the latex bead is less than 0.5[err] in dianeter, and nost preferably it is
' less than 0.2[err] in dianmeter. Another enbodinent of the present invention
:_| s .di rect edtdﬁ/izbﬂ) above net hod of determ ni ng i f an ani nal PEINISS5/02795 _
- i'mmunol ogi cal |y responded to the administration of a conposition conprising

i thi bin wherein the i munoassay nethod is nodified as follows. Briefly:
descri bed, the nethod conprises obtaining a npl e of bl ood froman ani mal,
-~ and cont act i ng it with |abeled aninal inhibin” or a fragnent thereof. The
~sanple is 20 contacted with the | abel ed ani mal i nhibin under

condi ti ons wher ei the t] ct w t.h any
anti- inhibin anti od| eéafinn& #ﬁ@%{é‘é‘méﬂfss fgnﬂﬁéﬂéyﬁﬁt ?E&EEXF‘EH%I ed
i nhibin fromthe sanpl ¢o the pestrietion digesis,nmhixy andlramo&etdtbl

i nhi bin is determ ned S | he ed
in this method is sel eggtoé) #ﬁhgéb&?d gﬁanéo?lqﬁI m t?fgﬁs?om‘?% fl%éﬁ%g with

het er ol ogous i nhi bin prQh r Qi'mtiﬂ@llp-r esent invention; endogenous i nhibin,
or fragnegts therepf; e RN S

Pr ef er abl g the | abel e3A| r‘lihilglgggjg gﬁbagiengas £ 60 W VEEF(SFQﬁgest as
This invention is furt I (5P |6ﬂ>ﬁb ume 3sM sadivmy; e
not to be construed in gretatey mix, thesi add! ani alns'oﬂm tigeprepanol.

thereof. On the contrar at resort may be
had to vari ous ot her e Hlbhe%&w?ﬁﬁm §H%’F§ P E ents thereof
which, after 35 7. rMictocentrifuge forils minutes. euPounmi]'f the supernatant,

t hensel vgg to t hose '
PCT/ U895ﬁ82795 51 ki I |ﬂ§l n e?ﬁgﬂart vt&lt‘m%eg ol and ro['r]lg Spl rit of

t he present invent esuspendoeach sample; s-€

Met hod for Produci ng aEqud pEh8. (ur oduct corrprl Si ng a gene encoded for

cxprsssing chiclr ke 2IH 5305 ERGPe hof LESE S e,
product conprising a gehen(hedttheIDNAmikfire at GHJ'C for 5 miputessi Ggobhon
fragment ;97 al pha-subunih ther ol 4" 3 1igals® biffer; 0.5 pl NEB T4 ligase

(#202; ~200 units); and 1ncubate at 16°C for 2 hours to

overnight.

~10. -Heat at 65°C for 5 minutes; cool on ice.

11. Mix with 25 pul competent TB1 (or any lacZa-

20 | complementing strain) and incubate on ice for 5 minutes.
Heat to 42°C for 2 minutes. _ _ :

12. Add 0.1 ml LB and incubate at 37°C for 20 minutes.

Spread on an LB plate containing 100 pg/ml ampicillin.

- Incubate overnight at 37°C. Pick colonies with a sterile
25 toothpick onto a master LB amp plate and an LB amp plate
containing 80 pg/ml Xgal and 0.1 mM IPTG. Incubate at

37°C for 8 to 16 hours. Score the Lac phenotype on the

Xgal plate and recover the "white” clones from the master.

13. Screen for the presence of inserts in one or both of the
30 following ways:

A. Prepare miniprep DNA. Digest with an appropriate
restriction endonuclease to determine the presence and
orientation of the insert.

B. i) Grow a 5 ml culture in LB amp broth to about

35 ' 2x 108/ml.




NG 2 or SEQ ID NG 4), and a gene encoded for expressing maltose binding

protein. TRy Jswsesy gene product of the present invention is pegusbserys he
pMAL[ err]-c vector kit, from New Engl and Bi ol abs, Beverly Massachusetts. 15

The pMAL[err] vectors provide a method for expressing a protein expressed
froma cl oned gene or open reading frame. The cloned gene is inserted
downstream froma nal E gene, whi ch encodes maBt ose- bi ndi ng protein ("MB P),
~and results in the expression of an MBP fusion protein ("MBP- 20

' ¢I NA515"). The nethod yiel ds high-Ievel expreSS| on of the cloned sequences

‘and a one-step purificationiipr thakeéwiloml s , MECtaveitfifa eUﬁir“E
VBP' ff ty f | t | f t

i bi n Gene. ol NAS1E. | e U, d‘%@?&bé B0sh %t Bl qsi" ghe
[erf]g pMAL[err]-c pl asmi dCQNAlnﬁQD-l protein gek SDSPAGE sathpla buffere,

cl NA515. 2: Digest 20 [err G L err
with chicken i ngl bi n geLe lija RIA [R%H]IB giao"%&%h mgaﬂ Otjén?‘gg’l na}
al kal i ne %hosphat ase (NEB §gr example 15 p} ch&QiﬂtlDlﬂA Inenbateon.
Incubate at 37[err] for 1 ap@7 Ciwith gbedkaéxanoaomrlzmﬁsgestlon by

running 4[err] of the pNAL[ 0 rr t he eaction
on a 0.8% agarose gel. Add ?err’fggé g?é&rfagﬁﬁﬁ 5NﬁF “gﬁ 03'
pMAL[err] and [err]gt1l di grismites,sdiscandethe vsipernatantOafil/ PEARD hI f
PCT/ US95/ 02795 52 5. Addg I oro orm
m xture to the restriction g Z@qﬁowmﬁ%@ﬁﬁ%&ous (top) phase
and placlin a fresh tube. P(apeat Oilithe samples trophofese 15\dd
10 [err]g gl ycogen or t RNAL vgmﬂg DSup
di gests, add 1/10th vol une B@I\%tdéﬁéll um e g%;ﬂ)%@§ J;e‘%emﬁé &c%QY“h
vol unme i sopropanol . | ncubafeS8 (R’FP%‘Pp usStan 4#1' Oaﬂ%n sﬂl of the
M crocentrifuge for 15 nm nsupplieédMBPih SDS-BAGE ss#mple buffer. Stain the
gel with Coomassie brilliant blue. An induced band is
15 easily visible at a position corresponding to the
: molecular weight of the fusion protein. The molecular
" weight of the MBP alone is 42,000 Daltons.

EXAMPLE 2
20 - Method for Producing a fused heterologous protein , "MBP-
cINAs1s', comprising chicken inhibin and maltose binding
protein. |
The following is a method of producing a fused
: heterologous protein comprising chicken inhibin and maltose
25 binding protein, "MBP-cINAs1s". The fused gene product of
Example 1 expresses the fused heterologous maltose binding
protein-inhibin protein, "MBP-cINAs515", as follows:
1. Inoculate 80 ml rich broth + glucose and ampicillin (see
Media and Solutions below) with 0.8 ml of an overnight
30 culture of cells containing the fusion plasmid of Example 1.
2. Grow at 37°C with good aeration to 2 x 108 cells/ml (Aggo of
~0.5). Take a sample of 1 ml and microcentrifuge for 2 .
minutes (uninduced cells). Discard supernatant and
resuspend the cells in 50 pul SDS-PAGE sample buffer.
35 Vortex and place on ice.



10 rinse t
. Resuspend each sanpl e
| Mx: 2 [erwiosebsw di
. heat the DNA m xture

he pellet with 70% et hanol, and aIIowto dry. 8.

in 25 [err] of 10 nMTrlsCI .1 mM EDTA, pH 8.0. 9.
igest; 6 [err] insert digest; add 8 [ er PCTAUS5%02798 hen
at 65[err] for 5 mnutes. Cool on 15 ice,

i then add 4 mM 5x ligase buffer; 0.5 [err] NEB T4 |igase (#202; -200 units);

i and i ncubate at 16[er
! 5 minutes; cool onic
“lacZ[err]- 20

m nutes. Heat to 42[e
37{err] for 20 mrByte
anpicillin. Incubate
t oot hpi ck onto a nmast
[err]g/m Xgal and O.
Score the Lac phenoty
fromthe naster.

the 30 5 foI

r] for 2 hours to overnight. 10. Heat at 65[err] for

e. 11. Mx with-25 [erB5# conpetent TB1 (or any
conpl ementing strain) and incubate on ice for 5

rr] for 2 mnutes. 12. Add 0.1 nml LB and incubate at

Ad&PIPTG O(lse ropyithibgatactoside ) ool Othe] enen]m/ ég

Shtige %&é i 2 el OF (-2 80l 34 0%

ofa0I1P toolmmHzQ tseeMiedia pridoSokutions)o Coatinue

presence of ipnserts.in Qne o . O

mmrngem oprtwamnaws 1aguced ccﬁg)est

Cr een@ﬁ %gﬂ'e'ﬁr% HYLrsECTUkE %*035 itfl! §£n. anf

appropriate restricti gg é%hﬁ'ﬁﬁﬁ?eé&p&id?ﬂﬁé ellshin HW%[ICSDB’“PAGE

orientation of the inse

about 35

PCT/ US95/ 02795 53 4.i)
di scard the supernata
SDS- PAGE sanpl e buffe

for examiDe 15 [err] supermataniiandoresuspend one pelles

aeration for 2 hours.

m nutes, discard the s

15..

Diﬁa&e thelcultusevinte .twd aliquotss i Hagvesothe calhub?s

?%w%q?ylﬁi@ﬁ‘) H4dm h’S' o oF ?Bg[f@im UFQ?%‘E*B’

lxyl)s buffée (@e@ﬂedfa éﬁmﬂ' Ins) O‘Réiﬁdﬂdiﬂftﬁé)bﬂ?er
?et géx%rf) e B)'in 10l Tris-Cl, 20% sucrose, pH

8 0 (8 ml for each 0.1 g cells wet weight).

Freeze samples in a dry ice-ethanol bath (or overnight at

-28°C). Thaw in cold water (20'C is more effecnve than

70°C, but takes longer). - :

~Sonicate, monitor cell breakage, by measuring the release of

” protein using the Bradford assay or the release of nucleic

20

25

acid at A260° until it reaches a maximum. Add 0.6 ml SM
NaCl.

Centrifuge at 9,000 x g for 20 minutes. Decant the
supernatant (crude extract 1) and save on ice. Resuspend the
pellet in 5 ml lysis buffer. This is a suspension of the
insoluble matter (crude extract 2).

Column Purification of heterologous fused maltose binding
protein-inhibin protein, "MBP-cINA515 as produced above, is as

follows:

1.
30

35

Swell amylose resin (1.5 g) for 30 min. in 50 ml column
buffer (see Media and Solutions) in a 250 ml filter flask.
De-gas with an aspirator. Pour in a 2.5 x 10 cm column.

Wash the column with 3 column volumes of the same buffer |

+ 0.25% Tween 20.

The amount of resin needed depends on the amount of fusion
protein produced. The resin binds about 3 mg/ml bed
volume, so a column of about 15 ml should be sufficient for

%{fg I Vrg%é)ilv S p W? gg%%i pllace Thidedt " 1O

ood

5



cells in 100 [err] SDS-PAGE sanple buffer. 10 S V) Boi |l the
sanples 5 minutes. Electrophorese 15 [err] of each sanple on a 10% SDS- PAGE
gel along WP/t of protein MNstandards and 15 [err] of RATEINEIENed

MBP in SDS-PAGE sanple buffer. Stain the gel with Coonassie brilliant blue.

A i nduced band is 15 easily visible at a position
correspondi ng to the nol ecul ar wei ght of the gsusi on protein. The nol ecul ar
wei ght of the MBP al one is 42,000 Daltons. EXAMPLE- 2 20 Met hod for

Produci ng a fused heterol ogous protein, "MBP- clNA515", conprising chicken
I nhi bin and nal t ose bi od of duci ng
a fused heterol ogous S‘P é;allan&f:g edralng'lsng ﬁ%{gﬁ‘r’iﬁ&ﬁ%@pﬁu '(’ﬂ“‘ﬁq (ﬁg‘ggﬂ

bi ndi ng protein, "MPSyringeplu umdfc@hemubsntuted
expresses the fused hq:bprtﬁéoggmr@lm ‘E‘“ﬁﬁ Pﬂhﬁe

"MBP- cl NA515", as foll %’Sl §F | nocul ate 80 C %+ g ucosie&gﬁ
ampicillin (see Medi aSBRYId JFF%&ENB ‘t’ 0.8 m of an overn| ght 30
culture of cells nt Dilute theecrude emndasmiim‘fth $on

T and e cr ocant 111 (néefS 26° Faad 368 'l 'F%atkeéesmeﬁct g P ot ©
super natant and resusféa (dlamGﬂOI'SOfrc omjrein] c)SIMMAT. Saﬂnhelsbaﬁéﬂl 35
Vortex and place on i

PCT/ US95/ 02795 54 3. gln}lﬁ | so y??beogal actoside) to the remaining
culture to give a fin lsgmn;a EXmAck iy mmeshamradmcang them

t ock i n1pR0 Medi f
; ﬁgur;plgake(zegl , oteit Sbh@bnmﬁion (tonabout 2@%;7@ f1d Srldel 0"

m nutes (induced cell ﬁﬁaﬁégé‘? %?Fb‘tﬁ%% derR&: M‘grelé g%pd 100
[err] SDS-PAGE: sanpl euleiof ¢humbois thatt b gwmwghtcmﬂ d:ell@gﬂvai abéupn20ce.
4. Divide the cul turedlgt;ﬁ'o&% aliquots. Harvest the cells
3. Wash with 2 column volumes column_buffet + 0.25% Tween
15 20.
' 4. Wash with 3 column volumes column buffer without Tween
20.
5. Elute the fusion protein, "MBP-cINA515", with column
buffer + 10 mM maltose + 0.1% SDS (optional 10 mM B-
20 mercaptoethanol, 1 mM EGTA). Collect 10-20 3 ml
fractions. Assay the fractions for protein, e.g., by the
Bradford assay or Ajgo; the fractions containing the fusion
protein have easily detectable protein. The fusion protem
elutes soon after the void volume of the column.
25
Media and Solutions
* Rich medium + glucose and ampicillin= per liter:
10g tryplone, 5g yeast extract, 5g NaCl, 2g glucose. Autoclave;
add sterile ampicillin to 100 pg/ml.
30 * 0.1 M IPTG Stock= 1.41g IPTG (isopropyl-B-o-
thiogalactoside); add H>O to 50 ml. Filter, and sterilize.
* 0.5 M sodium phosphate buffer, pH 7.2 (stock)=
(A) 69.0 g NaH,PO4H,0 to 1 liter with H,0.
- (B) 70.9 g NagHPO4 to 1 liter with H>O.
35 Mix 117 ml (A) with 383 ml (B). The pH of this stock should be
~7.2. Diluted to 10 mM in column buffer, the pH should be 7.0.



centrifugation at 4000 x g for 10 min. Discard the 10

sypernat ant and resuspend one p, lbn 5 m of lysis buffer
(see Mediwoadsgzdsol utions). ResusPHSASHTE GARBEENe | et (sanpPEI/BpISA279D ni
30 MM Tris-d, 20% sucrose, pHI[B.0 (&M ALED each 0.1 g cells wet wei ght).
5. Freeze sanples in a dry ice- : ub

-28 ©. Thaw in cold water (20[err] is nore gf fecty ggég ibut
takes longer). 6. Sonicate, nonitor cell bréakage,j by b rel ease .
of protein using the Bradford assay or the release of nucleic aC|d at [err]
until it reaches a maxinum Add 0.6 m 5M 20 NaCl . 7. Centrifuge
at 9,000 x g for 20 mnutes. Decant the supernatant (crude extract 1) and
save on ice. ResUsyséndBufferpellet in 5 m lysis buffer. This is a

suspensi on of th%e rratter (crude extract g ti
Purlflcatlon of mal t ose bi ndln ot ei n,
" MBP- cl NA515" aQQJHﬂ(QJé 4| s as follows: 1% P @We resin
(1.5 9g) for 30 min7si Emlm col urm 30 B0 heM Na Medi a and

Solutions) in a %[ter fl WIDtehggsc\cf)v: eradlgsmat or . Eog;n;n a

2.5 x 10 cm col u
"~ buffer + 0.25% T\Qg‘érmB nﬁneaplwﬂ)a.nol‘ resin needelOMﬂdMEn t he anount

of fusion 35 " Y ot el ced. The resin binds about 3 ng/m bed
GAMESC. ¢ GpibRdly

vol une, so a col oul d be suff|C| ent for WO 95/ 22980

PCT/ US95/ 02795 SQthllfhlSM(EDﬂf {pH18) ny fusion pridaaM EDTA culture. A 50
m syringe plugggd wit ghass wool can ﬂp ed for the 2.5
cm col umm. The co mwﬁgg ) er ratio shgﬁ? q(gss t han or equal
to 4. 5 J“ﬂéo f 1:5 with colum buffer + 0.25%
Tween 20. Load ti}@a@H uted crude extract at a flow rate of

Column Buffer

20 ml 0.5M sodium phosphate, . 10 mM phosphate
pH7.2

29.2 gNaCl - - o - 0.5MNaCl

1 ml 1M sodium azide | 1 mM azide

0.7 mM B-ME (optional) 10 mM B-ME

1 ml IM EGTA (pH7) 1 mM EGTA
(optional)

Adjust to pH 7.0 if necessary.

Low Salt Column Buffer

Per Li Final C .
20 ml 0.5M sodium phosphate ‘10 mM phosphate
pH7.2

1.75 g NaCl 30 mM NaCl

1 ml 1M sodium azide 1 mM azide

0.7 ml B-mercaptoethanol - 10 mM B-ME
(optional) _

1 ml IM EGTA (pH7) 1 mM EGTA
(optional)

- Adjust to pH 7.0 if necessary.



~[10x (dianmeter of colum in cm2]m/hr. This is about 1 m/mn. for a 2.5
- cm colum. The dilution of the crude extract is ainmed at -reducing the 10
pr-ot ei n cof¥@AF 2B on to about 2.5 ng/m . If the crude extrackCTE¥S9503295

. concentrated, do not dilute it as much. A good rule of thunb is that 1 g.

- wet weight of cells gives about 120 ng protein. 3. Wash with 2 colum
vol umes col uim buffer + 0.25% Tween 15 7 20. 4. Wash with 3 colum
vol unes colum buffer wi thout Tween 20. 5. ElUte the fusion protein,
"MBP-cl NA515", with colum buffer + 10 nM nal tose +-0.1% SDS (optional 10
.MM J[err]- 20 mer capt oet hanol, 1 mM EGIA). Collect 10-20 3-mi
fractions. Assay the fractions for protein, by the Bradford assay or

[err]; the fractions contai nillh tpurityisiofn thgb%ééedhmlﬁckeni liphibipMBP e
tein. The fusi ' o "vai -
ol um. 25 Medi 8 anooeol o préin CMBELLINASIY'y after (Hslifly thrdith the
anpicil1in= per |i€QumRgis ﬂﬁ?ﬁﬁéﬁ-’éi, ipgFjgure LxeceolumnssERacThe colummse.
Aut ocl ave;s add st efridrkedMB"cis then eluentOftonethe/¢Bluns® when ng heterologaud: !
M I'PTG Stock= 1.4lg BT | P So- t pen op heterologgus’; ;
50 m. Fi IotC er, andPEQtSFF %a%gﬁggﬁop‘%deheg@]. ggq\/l@hﬂ@ﬁ%s‘iﬁlﬁ ve gantrolpH
|7"t2 (st pfﬁ)[: (A% 6%he @lunml\s} marked I"B"eripr'esbnt the blrﬁs&ﬂéi iSMr.ﬁlMﬁ@ r‘édctut,p 1
Iter W err|. / s . e ol . S
bt ook houl 4 be. - SBndards, Vhe ‘dofiimbs) niididh e’ ffae‘&, )"Pﬂb"d-ﬂ Sigiahibs
7.0. WD 95/ 2298%apdards;i slliifcolumns marked "D" are the actual pMAL™ig nal
Concent r gg on 20 ye@opsed' fnl the preparation of theCRis¥dPORRKRAL fkibir-MBEC

30 MM NaCl heterclogous protein, "MBP-cINAs]5", prior to the insertion of
the inhibin gene as described in Example 2. The above proteins
were electrophoresed on a SDS-PAGE gel in SDS-PAGE sample
buffer, and stained with Coomassie brilliant blue stain.

15 :
Method for Immunizing an Ostrich against Inhibin.
. ... The following is a method for immunizing an ostrich
against inhibin. A primary immunization is administered to the
20 ostrich approximately six months prior to the bird's first
breeding season, and then booster immunizations are administered
at one month intervals for six months. Accordingly, it is
preferable to administer the primary immunization to an ostrich
when it is between approximately 18 and 24 months old. The .
25 primary immunization comprises between approximately 1.5 to
3.0 mg of a fused heterologous protein comprising chicken
inhibin (a fragment of the alpha subunit) and maltose binding
protein produced by the methods described in Examples 1 and 2.
The booster immunizations comprise between approximately 0.75
30 ‘to 1.5 mg of the fused heterologous protein. The fused
heterologous protein is emulsified in Freunds Complete Adjuvant
(Sigma Chemical Co., St. Louis, MO) in the primary
immunization, and the fused heterologous protein is emulsified in
Freuds Incomplete Adjuvant (Sigma) in the booster
35 immunizations. The fused heterologous protein composition is



10 m | 25% Tween 20
[ érr] - mercapl oet hanol
m 0. 5M EbNé\of/pidsé)

0.25% Tween j20 0.7 m

10 mM EDTA .10m M EGTA( pH7) PCT/US95/02795

10 mM EGTA Adjust to pH 7.0 with HCL or NaOH Col umm Buffer Per Liter

Final Concentration 20 m 0.5M sodi um phosphat e,

7.2 29.2 g Nad

1 nMazide 0.7 nM[err]-ME (optional)

0.5 M d 1 nm 1M sodium azide

10 MM [err]-ME 1m 1M

10 MM [err]-MeE ("[err]-M") (optional) 20

10 mM phosphat e* pH

EGTA( pH7) 1 mVEGTA (optional) Adjust to pH 7.0 if
necessary. Low Salf Col u Buf f er Per L1' ter . : . Final
Concent ration 20 IRjectedsu 615@%»5&,%&;@ sites along the uppesithigh pegion 1. 75
g Nad of the ostrich. 30 MM Nad 1 m 1M sodi um azi de -1
nM azide 0.7 m [err]-nmercaptoet hanol 10 mM [err]-ME (optional) 1
m 1M EGTA (pH 7) 1 mM EGTA (optional) Adjust to pH 7.0 if
necessary. WD 95/ 22980 EXAMPLE 4

PCT/ US95[ 02795 57 ' fyt f hi cleen 4.nhi bin- MBP, hej.er 9] ogous
brot ei n. 5~ vep- ci (AeREad fir brogucie SEftich ehtihadier sieciPely directed”
Figure 1, col umsgainst imkibisol um 5 marked "F" is the eluent fromthe

col utm when no het I ' et ' -
negati ve contr ol ;a. e'r ﬁ;ggﬁrﬁl}gﬁ‘f’fﬁg@gﬁi&@f@pﬁggﬁ ta?l%%z%gei wﬂ h%cl%ﬁarell%e rr]-c.

vect or

10

15

20

25

30

35

antibodies ("ostrich anti-chicken 1 n anti
selectively directed against a heterologous protein of the present

_ invention comprising chicken inhibin and maltose binding

protein. More particularly, the ostrich antibodies are IgG
antibodies. The heterologous protein used is a fused protein
comprising chicken inhibin and maltose binding protein produced
by the methods described in Examples 1 and 2. To produce the
antibodies, immunize an ostrich with chicken inhibin-MBP
heterologous protein according the method described in Example
3. The amount administered to the ostrich must be sufficient to

illicit an immunological response iii the ostrich against the

heterologous protein. Withdraw approximately 5Smil of blood
from the ostrich, and then isolate antibodies directed against
inhibin from the remainder of the blood sample. Any separation
method known in the art can be used to isolate the antibodies.
Preferably, standard ELISA techniques are employed.

EXAMPLE 5

Method of producing goat antibodies selectively directed against
ostrich antibodies. _ _

The following is a method of producing goat
antibodies which are selectively directed against a class of ostrich
antibodies, including the antibodies produced in Example 4, more
particularly IgG ostrich antibodies. In this method a goat is
immunized with 0.5 to 3.0 mg ostrich IgG such that an
immunological response occurs in the goat against the ostrich
IgG. The ostrich IgG are obtained from a pool of sera from
different ostriches. Blood is obtained from the goat, and goat



standards. The coI ums marked "C' are nol ecul ar wei ght standards. The

- calums marked "D' are the actual pMAL[err]-c 10 vector used in the
pr-epar at | OW@9S/228% f used chi cken-i nhi bi n-MBP het er ol ogous pr REGPSIS02795

- "NBP-cl NA515", prior to the insertion of the inhibin gene as described in

| Exanpl e 2. The above proteins were el ectrophoresed on a SDS-PACE gel in

| SDS- PAGE sanpl e buffer; and stained with Coonggsie brilliant blue stain. 15
' EXAMPLE 3 Method for |mmuni zi ng an Gstrich against Inhibin. The follow ng
is a nmethod for imunizing an ostrich against inhibin. A primry

: ; . . d |
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| ph b t d at d
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(S g Chent cal _coBHB O] e, 24,18 'oF, sdsfifarefl et il BAfe 1 pAdSd
fused heterol ogoussmlseuwnmssmms (aikat |4n0@9(,ean;¥ thecmigture: is\dtirved tfor
(Sigma) ipthe bOOﬁﬁ?foﬁ?na ly 2 'HOWR. 2 Ceiffugtthe HAPEu?E' &' 200000 tpm

pr ot ein COI’TpOSI tio

PCT/ US95/ 02795 58 elc@eme&t%e‘éﬂgﬁyt athe precipitae. o) Besuspendp she
t hi gh region of thpr@aq:itatb inX80PirhM-Pris/Salinkk t@dlﬁompDOC&tfd”ax mg&é' ch
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of producing ostri

15 : Preferably, the subsequent fractionation using a
protein-A sepharose column is as follows. The column contains
protein-A sepharose CL-4B (Pharmacia Biotech, Inc., Piscataway,

~ « NI). The column is loaded with approximately 5 milliliters of* ~

| ammonium sulfate/serum precipitate. The sample is allowed to .

20 bind to the protein A-sepharose for approximately 30 minutes.
Next, the column is washed with 0.1M phosphate buffer (pH 7.5),
and the absorbed IgG is eluted with 0.1M Glycine (pH 2.8).
Finally, the eluted fractions are neutralized by adding a few drops
of 1M Tris-HCL (pH 9). The quality of the purified ostrich IgG

25 is tested by visualization after SDS-polyacrylamide gel
electrophoresis before it is administered to a goat.

The method of immunization and the adjuvants used
are not critical to the invention, thus any method known in the art
can be used, and any adjuvant system known in the art can be

30 used. Preferably, the purified ostrich IgG will be injected into a
goat subcutaneously. It is also preferable to administer boost
injections at four week intervals using Freund's incomplete
adjuvant. Preferably, the purified IgG will be administered with
Freund's Complete Adjuvant or Hunter's Titermax (Sigma

35 Chemical Co., St." Louis, Missouri). A goat develops a
satisfactory immune response after three to four injections.



anti bodies ("ostrich anti-chicken inhibin antibodies") which are
~selectively directed against a heterol ogous protein of the present 10

i nvent i on wWorgsEResOng chi cken i nhi bin and nal t ose bi ndi ng pr oP&TAISIRB2785
particularly, the ostrich antibodies are 1gG anti bodi es. The het erol ogous
. protein used is a fused protein conprising chicken inhibin and naltose-

. binding protein produced by the nethods desé60i bed in Exanples 1 and 2. To
produce the 15 anti bodi es, imunize an ostrich with chicken

i nhi bi n- MBP het erol ogous protein according the method described in Exanple
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with 0.5 to 3.0 IgG such that™an i nmunol og| cal response occurs
In the goat against the ostrich 1gG The ostrich 1gG are obtained froma
pool ofjgera from 35 di f-ferent EXAMPEE @ ood is obtained fromthe

goat, and goat /

BCT) Usos) 0370 sH&lRad gk miptlitoring the e impnenlosical resparst FanATER o,
standard techni anzmvammnw hetergl ogounprpwn of serais
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M T s and maltose binding protein produced by the method of Examples
" 1 and 2, wherein the immunological response is monitored using

~the goat antibodies produced in Example 5. To determine

whether an ostrich has immunologically reacted to the fused

20 inhibin-ME? heterologous protein, first bind the heterologous
protein to a solid phase. Next, withdraw 5-10 ml of blood from

an ostrich that has been immunized with the heterologous protein,

and isolate the serum from the blood. Contact the immobilized
heterologous protein with the serum under conditions wherein the

25 heterologous protein will selectively interact with any anti-inhibin
antibodies in the serum. After washing, add the goat antibodies

produced in Example 5 which have been labeled with HRP. The

labeled goat antibodies will then selectively interact with the

ostrich antibodies which are bound to the immobilized

30 heterologous protein. After the removal of the uninteracted
labeled antibodies, the presence or quantity of interacted HRP

labeled goat antibodies is determined by visualizing the label.
Preferably, the label is visualized by adding Nitro Blue

Tetrazolium ("NBT"), a substrate to HRP.

.35 One of ordinary skill in the art will understand that
the immunoassay techniques that are used in the above method are




(pH 8.0). Next, 24 ml of saturated ammoni um sul phate is added slowy wth
stirring (all at 4C), and the mxture is stirred for 10 approxi natel y
2 hours. wWens22989ge the m xture at 10,000 rpmfor 10 mi nut egqu§W?3ét t he
precipitate. Resuspend the precipitate i'n 50 nv Tris/Saline (to 12 ni.),

and. di al yse overni ght versus 2L of 50mMtTris at 4 C, the final volune being
20 m. 15 Preferably, the gibsequent fractionation using a
- protein-A sepharose colum is as follows. The colum contains protein-A
sepharose CL-4B (Pharnacia Biotech, Inc., Piscataway, I\L]) The colum is

| oaded wi th apprQxi 5. UIR.S,

precipitate. The ‘gﬁﬂ?“i&%g M%\edd—k't %Spéfoqgmag& T (ﬁ%segﬂ& E%’:{leque,
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d ycine (pH 2.8) AFﬁ\eame t ‘1 % ?r ac otnss%1 ﬁﬁ 2 P%#&Eg%a%pl

few drops of 1M hcmemd_lstlppﬁmndaﬁe oPTé éablﬁr elip s MQLWQQ;G 25
is testeg by vis a@n after SDS- poI yacryl am de gel eI ectrophoresi s

bef ore i? S aquﬁltés%géed' to a goat. The nethod of i nmunization and the

adj uvants used are not critical to the invention, thus any nethod known in
the art can be used, and any adjuvant w in the art can be 30

ubcut ancoust y. * MePRodyel ﬁﬁ%@?&#@“fﬁ?&%ﬁ?%#%@é?%f&?f%ﬁ &

four week intervals using omangeaem nfor rd&temnnuyg
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Hunt er' goTl ter rrax o&ﬂé‘i‘i b ﬂfﬁsn%d %?@ﬁ?ﬁ
goat devel ops a blﬂ!atll &h%/ qsmeh grﬁ 1Pd=qllﬁﬁnn'au°ns
i nj ections. 2Rod of an ostnch can be detenmned using standard

P ool 075 o e ELTSA edbthac, B Bl 1 End AhenE
bl ood sanpl e. Anyanmtibddieskproduced nneExamplambeo thedwedlss of -a anicrotiterjoat
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of blood plasma or serum that was obtained from the ostrich to a
well of the microtiter plate. After allowing any inhibin in the
sample, if present, to selectively interact with the immobilized
anti-inhibin antibodies, the sample is washed from the well of the
20 plate. Next, add a different anti-inhibin antibody to the well than
that produced in Example 4, which is conjugated with horseradish
peroxidase. The HRP conjugated anti-inhibin antibody differs
from the immobilized anti-inhibin body in that they are
selectively directed against different portions of .inhibin. After
25 allowing the labeled anti-inhibin antibody to selectively interact
with any immobilized inhibin, any uninteracted labeled anti-
inhibin antibodies are removed by washing. The amount of
inhibin present in the plasma sample is determined by adding
NBT to the well and visualizing the amount of immobilized
30 labeled anti-inhibin antibody in the well. Standard positive and
negative controls are run simultaneously in neighboring plate
‘wells. Standard positive and negative controls are to be run
simultaneously in neighboring plate wells. Many immunoassay
techniques, labels and visualization methods are well known in the
35 art. Accordingly, any immunoassay method, label, and
visualization technique can be used in the present invention.




sanple is by passing the blood sanple through an ostrich 1gG colum. The
gQat anti bodies are then collected fromthe colum by washing the colum
wi t h gl ycivee okadoser - pH 8. 0. 10 EXROPIDS9s5/02395

Met hod of nonitoring the inmnol ogi cal response of an ostrich after its
vaccination with a fused heterol ogous protein. The followng is a nethod of
. honitoring the i mmunol ogi cal response of an trich after it has been

: vacci nated 15 with a fused heterol ogous“protein conprised of chicken
i nhi bin and nmal t ose bi nding protein produced by the nmethod of Exanples 1
.“and 2, wherein the i mmunol ogi cal response is nonitored using the goat

- anti bodi es produced in Exanple 5. To determ ne whether an ostrich has

i munol ogi cal Iy reacted to the fused ZQEQQQLAEhh_ﬂln NBP het er ol ogous
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| abel ed goat ant t
L abel ed goat anti ;}!‘%‘ggﬁsgeghtbg MheseiNeAl S DN ANfragatént' ehSoiriihssed hest

0g
protein. After th®fr &heymatyre; ESIEEWH i&éﬂ@d qaﬂé‘?'é@“antl angnt
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One of ordinary slappropriateecsizet (lahe EndEigurend)twas detedteduaftessEBTG
PCT/ USS5) 02755 61 “’5#?8%5‘ “"j‘m?“an ﬁ#ﬁ?‘%}fﬂdﬁ%ﬂ a8 SDS PAGE.
t echni que, | abel , W c Gﬂﬂﬁ BQ‘Xaﬁﬁnnod
A prefergple i mmﬁg@nf ic ﬁun'ifhxzenq:re- ﬁbaswhtefbe IJ%ﬁawerqﬁhih
per oxi dase.  Anot h?r&ﬁr g %}Jomcc?) agams% circulating 1nh1bm levels as
| described below.
Hatchling quail were brooded in a Model 2S-D
Petersime brooder battery modified for quail. Initial brooding
20 temperature was approximately 37.8 C with a weekly decline of
approximately 2.8 C until ambient temperature was achieved.
During the growing period (ie., until approximately 6 wks-of-
age), a quail starter ration (28% CP, 2,800 kcal ME/kg of feed)
and water were provided for ad libitum consumption, and
25 continuous dim light (22 Ix) with a 14 h light (280 to 300 1x):10
hr dark override was used. At 25 days-of-age, 100 quail were
randomly and equally assigned to one of four injection groups (25
birds per group) as follows: (1) MBP-cINA35 5 in a polydispersed
8-(1,4) linked acetylated mannan ("Acemannan”), an
30 immunostimulant vehicle (Chinnah et al., Antigen dependent
adjuvant activity of a polydispersed p-(1,4)-linked acetylated
mannan (acemannan), Yaccine, Vol. 10, Issue 8, 1992, p. 551-
557) ("MBP-cINA515/ACE"), (2) MBP-cINAg;5 in Freund's
adjuvant ("MBP-cINAj5;5/FRN"), (3) Acemannan
35 (immunostimulant control; "ACE"), or (4) Freund's (adjuvant
control; "FRN"). Birds immunized against inhibin (Groups 1 and
2) were given approximately 0.75 mg MBP-cINAgs;5 per bird in




5 | at ex bead. EXAMPLE 7 Method for determning the reproductive
paiential of an ostrich. The following is a nethod for deternpi nlnsg t he -
reproduchWQ%@?’L’ﬁtlal of an ostrich by quantifying the anoubCTff ?’W?ﬁl n
in the ostrich's blood. Circulating inhibin concentrations in the blood of
arr ostrich can be determ ned using standard sandw ch ELI SA techni ques. -

. First, bind the anti-inhibin antibodies prodgged in Exanple 4, to the wells
- of a mocrotiter 15 pl ate. After washing and bl ocking the plate, then
~add a quantity of bl ood pl asrra or serum that was obtai ned fromthe ostrich

to a well of the me &i u&i whiéle. ° v%lént ﬁldr”iﬁjEStion

sanple, if present, rac
anti-inhibin anti U@!#@?s @ﬁp‘{fe&é WfWGWth\/\kﬂ f@ﬂlpcshl: amg 3 -
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anti - i nhiS)ic n bﬁd)gFloMang theammalamjck:uonsl y qugildwere weith, tahde&mfy

t

ot body to sef eotBm by ?%‘%:“”t“ be{‘?e fide (Bdig V“*ﬁﬁiﬁ ayify Baes.
uni nt er act ed | abeMeaekly boaster inhi numwamm eﬁmmrmmatcly y375he
amount of i nhi bi nopg GMBBP-clNNﬁ pesbird 2iop! mpieaw &bhﬁblbdhﬂnéng& NBT

‘to the well and visuali nt of i lized ] | .abe] ed
bti b bi n-ant | DS SUbSEHBCGY| aTBistEred TOB4iYe GongReutive AYeSks Gentato!
are [un () rmitalnegaysg 146, 53,0 60ndays-of e llBegﬁhmngaaﬂbe- ealaf'
negalve controls n g 1 Nn a Wel,l S.
Ny | munodssay al) bl P%*aé#%‘% @E’u 730 KHHERE DL T
known in the 35 water avere pravidedifoniad libisum censumptipnmet hod, Iabel and
vi sual i zati on techni que can mggﬁﬁfﬁlgl h X
95/ 22980 af 41"8ay¥- 8T e (ﬂme g@&l\?p& 8
Met hodf or accel er 888nlaY Heydlgledaily hep-day eggoproduction GHIRER )y and; he
chi cken jshi bi n ansortality (CMORT") measures were recorded for 12 consecutive
weeks. In addition, average age at first egg lay ("FIRST") and
~ age at which hens reached 50% egg production ("FIFTY") were
calculated for each of the four treatment groups.
Hen-day egg production data were subjected to two
20 .different analyses of variance ("ANOVAs"), each of which
incorporated a completely randomized design with a split-plot

arrangement of treatments. In the first ANOVA, the main plot
consisted of the four injection treatments (MBP-cINA5;5/ACE,

MBP-cINAj535/FRN, ACE, or FRN) and the 12 laying periods of

25 7 days each comprised the split. In the second ANOVA, to more

powerfully test the effect of inhibin immunoneutralization versus

control response, data from the two inhibin treatments were

pooled and data from the two control treatments were pooled.

Thus, the main plot consisted of two injection treatments (pooled

30 MBP-cINA5;5/ACE and MBP-cINAs;5/FRN data versus pooled

ACE and FRN data) with the 12 laying periods of 7 days each
comprising the split.

To date, information is prehmmary as only 35 days

of data have been collected. Cumulative percent HDEP rates for

35 weekly intervals of egg lay (days O, 7, 14, 21, and 35) during the

first 35 days of study are plotted in Figure 2 (wherein the four
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5 - clone (cINAB) inserted into the EcoR 1 site of Bl uescript was
obtained as a gift of P. A Johnson (Cornell University). A_DNA fragnment
(" cl NA515WP 9522988 xci sed fromthe cl NA6 clone using Pst | di d’g{qstgp(oz%p

cI NA515 DNA fragnment enconpassed nost of the mature chicken inhibin
[err]- subunit. This fragnent 10 (cI NA515) was cloned in plasmd
p-MALTMc in frame with the maltose binding ggotein ("MBP") and a fusion
protei.n of appropriate size (Lane E, Figure 1) was detected after |IPTG
(i sopropyl [err]-D-thiogalact opyr anosi de) induction and SDS- PAGE. The

resulting protei st i gen
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. ("MBP-cl NA515/ ACE") , (2) MBP- cl NA515 in Freund' s adjuvant

. ("MBP-cl NA515/FRN'), (3) Acemannan 35 (i-mmunosti nul ant control;

- "ACE"), or (4) Freund's (adjuvant control; "FRN'). Birds inmuni zed agai nst
. inhibin (Goups 1 and 2) were given approxi mately 0.75 ng MBP-cl NA515 per
. bird in WD 95/ 22980

- PCT/ US95/ 02795 63 the approprl ate control vehicle. Equival ent vehicul ar
|nject|on : S .




volunmes (0.2 nm.) of ACE or FRN were used in Goups 1 and 3 and G oups 2 and
- 4,  respectively. Al injections were given subcutaneouly using tuberculin

" syringes fWOS8@29th 25 ga needles. 5 Fol | owi ng the |n|1’g'1'r5-7595’°2795
injections, quail were w ngbanded to identify themby treatnment before

. heusing (i ndi vi dual | y) in |ayi ng cages. Weekly booster inhibin

| i muni zations of approxi mately 0.375 ng MBP-cl NA515 per bird, or
appropriate control challenges, were subfjuently adnini stered for five

- consecutive weeks (ie., at 10 32, 39, 46, 53, and 60 days-of -age).

Begi nni-ng at 6 wk-of-age, a quail breeder ration (21% CP, 2,750 kcal
of feed) and water were provided for ad libitumc
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production ("HDEP") and 15 nortality ("MOR
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- 64 injection groups were considered as separate treatnments) and Figure 3
(wherein only non-inmuni zed (control) versus inhibin- inmunized group

conpar i songygainegsede) . Mean HDEP rates during Week 1, Week & 102795\\e e k

-4, Wek 5 and Weks 1 5 t hrough 5 conbined for the four injection

 groups considered as independent treatnents are given in Table 2. Table 3

~gives nmean HDEP rates during the sanme tinefranmes when data were pooled for

- direct control versus imunized treatmentggonpari sons. Table 4 contains

FI RST egg- 10 | ay data for both of the statistical scenarios

considered (ie., the four injection treatnent groups and the pool ed data

conpari sons). WO 95/ 22980

PCT/ US95/ 02795 65 [erg] WD 95/ 22980

PCT/ US95/ 02795 66 [erT] WD 95/ 22980

PCT/ US95/ 02795 67 Talfe 4 Effec of i ghi-bi n i mmunoneutralization using a

mal t ose bi ndi ng prot &rgchi cken_ nhigbidy a-subunit fusion 5 pr oduct

(MBP-cINA[err]) on n@l'c(SE) age lat -i%st egg lay (FIRST) in Japanese quai l

Tr eat ment * - 3 RST, (Hays- of - age) Acenmannan ( ACE)

54.92 1.77 a,b Fr uerml"g (FRN) . 55.73 1.58 a MBP-cl NA

[err]/ACE S 853.58 MBP-cl NA[ err]/ FRN

50.38 1.08 b
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Cont r ol 55.33 1.17x | muni zed

5T.98 1.07 Y * Control = pooled Acemannan (ACE) and Fruend's (FRN) dat a;
10- wanRsie398ed = pool ed MBP-cl NA[err]/ACE and MBP-cl NA[ BCTIUSPRLTOML a
a,b(P< 05); x,Y(P<.0373) SE= Standard Error 15 Thus far,
mortality has not been a factor as only four birds have died (three
controls, .one treated). Such nortality (4 %.wuld be well w thin expected
linits for quai | that have reached 76 days- 8? age. In addition, incidences
of shelless, thin shelled, and m shapened eggs were |low, well wthin norma

20 . frequenci es of occurrence, and,f E‘ﬂﬁy di stributed anong the four
I njection treatnent groups (i e., inhibintf nﬁ"zat ion did not alter nunbers
of defective eggs |aid). initial positive effect of inhibin

i mmunoneutral i zatEﬁzwnoﬁr mhzbnmnmmﬂnouzutaalwatht aesinga maltosei s
effect was particul abimiiﬂg tem-éliﬁ:m' ﬁi’hiﬁﬁ“’ dlsikban {Iﬂoﬁ' RST

reans adnent oo HLFUEl ° (MBERETNA, a"f’e'{ Jedf TSE) ‘e G PSL R oy

oriset of puberty was accel er akasy (FIR mnlamnemgum&reat ment groups.
This was evidenced in both the WO 95/ 22980
PCT/ US95/ 0 * data collected

statistical confrdence -0095) associ at ed W tT
found in iRk d .
t hat was |ess o... )durlng Week 2 534 I(ta *3) .

mar gi nal treat rreFNglldSp(ERN)erence observed dubdnl3 vitell iSPfay repr esent
that egg lay, al MB@abINAl ACBas begi nni ng t63158e1&811t8!1m

cont ol ect ygep LGl N = 2 Comzenuegiig 1 "GBE" Vi nnibin

ver sus no-i nhibin) 10 during Week 1 woul d expectedly becone dil uted
wi th advanci ng t Ogntgdl | ay. | ndeed, when data fggm3\aekp1¥ £ hrough 5 were
Immunized 5198+ 1.07Y
- _ *Control = pooled Acemannan (ACE) and Fruend's (FRN) data; .
10 Immunized = pooled MBP-cINA;s;5/ACE and MBP-cINAslleRN
- data
4.b(P<05); X¥(P<.0373)

SE= Standard Error

15 _ Thus far, mortality has not been a factor as only four
birds have died (three controls, one treated). Such mortality (4
%) would be well within expected limits for quail that have
reached 76 days-of-age. In addition, incidences of shelless, thin
shelled, and mishapened eggs were low, well within normal
20 frequencies of occurrence, and evenly distributed among the four
injection treatment groups (ie., inhibin immunization did not alter

numbers of defective eggs laid).
An initial positive effect of inhibin
- immunoneutralization on production performance was extant.
25 This effect was particularly evident in the pooled HDEP (Table 3)
' and FIRST (Table 4) data sets where increased numbers of
observations comprising means augmented power of the statistical

tests applied.

The data shows that onset of puberty was accelerated
30 in the inhibin treatment groups. This was evidenced in both the



conbi ned, a significantly higher nean HDEP rate of internediate statistical
rel evance (P<.0763) was found in inhibin-treated hens. Al so, the nmean age
at whi ch iwWm9si2298¢ quai| (51.98 15 - days-of-age) |aid t RETUSPSPIIPS ogq
(FI RST) was advanced (P<.0373) by 3+ days when conpared to non-imuni zed
guai |l (55.33 days- of-age) (Table 4). This effect of inhibin.imunization .
~on acceleration of egg lay was particularly %gt ewort hy .in NMBP- :
: CINA[err]/FRN-treated quail which had an average nean FIRST of 20 . ..
50. 38 days-of-age (Table 4). EXAMPLE 9 Method for accelerating the onset of

| [ Gstri h a) ' VBRmC | NA | d

590 1 1 Lt gen. HIDER-and FIBNT A8 S Cied,e TR Wids alhigh Efed of'"
circul ating i nhi bistatisticalscorfidence (Pst.0085) assoeiated twithhtheo higheromeamg
lay in the treate [ ' kN 45X [ owed
wih the ol | ow ndBEE, SR Touddir ThhfHindEeated filall ditiiE Webk £ ofthe
ostriches is betwstadpoa dlfferemqgthatiwasgqtss evident &-%éSMQWW&k&M ng
' the t t t | f {4 ' ' ' t
range of 180 to 3}"%@:WW il Bxdoiient grd f?‘%g codlsiied

~ het erol ogous pr ot AUFIRE ﬁ@kgi &@ﬁi{ Fesent ithat eggilay, aglaﬂﬁda{!]@s and

bOOtSLerfS of 2.5 mp nad 26t intedSify, in WdntroBimected iquaiB{See Figwred236t h
© non of age. R . L. .

BT/ Usos/ 09705 agvi%am%%waﬁoaﬂms%%@Faqum gilerense doyad,,
in Emu. The pr ot eibetweenu ghe ¢ dHPeatmeht rgroupss (inhibinsversusnnoecinhibin)

| muni ze; pr epubes eeity o YRRk RP@kpattedly BacthE Yituted with 48V2h&n
Level's. M to thduing Wou EE@ ¥ e i it fing
emi. The et hod ddime gEaiﬁﬁeLMra cwhen: daga fsomy Weeks L dhrongh 3 mere
exceptions. The awyiBined]% Signifieantly highertheanHDEPrats of iRteritisdia®) v

2 T sl o1V incd (S R SWhS e b P s,
injection of 3.0 ng of the hAlso,dhegmeanpage at which immunizedtquail €519 on
'ts 18thys days-of-age) laid their first egg (FIRST) was advanced (P<.0373)

- - by 3+ days when compared to non-immunized quail (55.33 days-
of-age) (Table 4). This effect of inhibin immunization on
acceleration of egg lay was particularly noteworthy in MBP--
cINAj5;s/FRN-treated quail which had an average mean FIRST of

20 50.38 days-of-age (Table 4).

EXAMPLE 9
Method for accelerating the onset of egg lay in Ostriches.
The protein conjugate (MBP-cINAs)5) is used as an

25 antigen to immunize prepubescent, female ostriches against

circulating inhibin levels, and to therefore accelerate the onset of

egg lay in the treated ostriches. The method described in

Example 8 is followed with the following exceptions. The
. average age at puberty for untreated ostriches is between
30 approximately 28 and 32 months. The following is the treatment

schedule for ostriches having an approximate body weight range

of 150 to 300 pounds: primary (first) injection of 5.0 mg of the

heterologous protein of the present invention on its 26th month of

age; and boosters of 2.5 mg on the 27th, 28th, 30th, 32nd, 34th,
35 and 36th month of age.



nont h of age; and boosters of 1.5 ng on the 19th, 20th, 22nd, 24th, 26th,
ahd 30th nonth of age. 15 EXAMPLE 11 Met hod for

accel er at i we osBgysgnset of egg lay in Chi ckens The protein cPOTWS94/62795
(MBP-clI NA515) is used as an antigen to i muni ze prepubescent, female

chi ckens against circulating inhibin levels, and to therefore accel erate
the onset of 20 egg lay in the treated chi ckens. The net hod descri bed
in Exanple 8 is followed with the follow ng @ceptions. The average age at
puberty for an untreated chicken is approxi mately 20 weeks. The foll ow ng

Is the treatnment schedule for a chicken having an approxi mate body wei ght
range of 2.0 to 3.5 pounds: 25. MEEELLQI) injection of 1.5 ng of

the heterol ogous MehoHfoplacceteratingethe bnsenbfegég Iz“nSEﬁﬁih week of age;

apd boosters of 0751”45 brbin ikl RBLOIVARLD s

t he onset of egg amtygem td unknumzeTpmpnheseent cfemalg-emu( aﬁnst Situlgting

used as anti ge r F.La.é E@lgﬁ%
~circul at| ng i nh?bﬁﬁ%gﬁuglk a t%o f§:llgre acce era e ﬁﬁé‘ §ﬁ@%§i}ﬁy ég:
egg lay in the tr eéal Qﬁgﬂs Ilé Qwe
followed with th e an
untreated tur keye‘lwfsima?g;o@?lnat Ek@é&go@i Z%EE agevﬁag%%}% Tor
PCT/ US95/ 02795 7CURBERWH emY is apRroXimaateli: 20 menthse Qwiag inshe ng
an approxi nate boa‘tawneﬂhtschedalt fér enfu thavigran agprorimaee body t

1% o6t Mok of BEEE ok S0 A5 BotR] F%‘%?&”(fﬁjsd ieRhie° éﬁn ‘g o "

34th, 38th, 46t h, thenhelerdlogous protejn. ofXerpresentvinventionr oacits| ésahu ng
the onset of egg idhthof Aze0'ahd BoBstira! 6F 1.5 %igt!8f" fyd o Dbh ! Dhnic?

"~ used as an 10 e nize p ent enal e parrof’s
- against circul ati %t-h r%étg ﬁndeawm Qt{)aé)%eref ore accel erate the onset

of

15 EXAMPLE 11
 Method for accelerating the onset of egg lay in Chickens.

The protein conjugate (MBP-cINAs15) is used as an
antigen to immunize prepubescent, female chickens against
circulating inhibin levels, and to therefore accelerate the onset of

20 egg lay in the treated chickens. The method described in
'Example 8 is followed with the following exceptions. The
average age at puberty for an untreated chicken is approximately
20 weeks. The following is the treatment schedule for a chicken

- having an approximate body weight range of 2.0 to 3.5 pounds:

25 primary (first) injection of 1.5 mg of the heterologous protein of
the present invention on its 15th week of age; and boosters of
0.75 mg on the 17th, 20th, 24th, 30th, 40th, and 50th week of
age.

30 EXAMPLE 12
' Method for accelerating the onset of egg lay in Turkeys.

The protein conjugate (MBP-cINA3)5) is used as an
antigen to immunize prepubescent, female turkeys against
circulating inhibin levels, and to therefore accelerate the onset of

35 egg lay in the treated turkeys. The method described in Example
8 is followed with the following exceptions. The average age at
puberty for an untreated turkey is approximately 30 weeks. The
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egg lay in the treated parrots. The nethod described in Exanple 8 is
~followed with the foll owi ng exceptions. The average age at puberty for an

“untreated a&{];?zgéos approxi mately 30 nonths. The 15 f olHeIWIsH80R®st he
treatment schedule for a parrot having an approxi-mate body wei ght range of

0.-5 to 1.25 pounds: primary (first) injection of 0.75 ng of the .

i heterol ogous protein of the present invention on its 28th nonth of age; and
 boosters of 0.375 ng on the 29th, 30th, 32nd7034th, 36th, and 38th nmonth of
. age. 20 It should be understood, of course, that the foregoing relates only
to preferred enbodinents of the present invention and that numerous

‘modi fications or dollowingris the treatmeatt schedulerifomoat tuskey thaving am t he
spirit and the scopgpbimife Hody weight'Fange of9.6% 17 Pourts: "Prinkynded
PCT/ US95/ 02795 71 (Bs§tleimjection iofy2(Q )mg-frshe heterelegous prpjein of the

APPLI CANTS: Fiﬁe%qgn%ﬂdnamts HRW: Wk pf%&tﬁu bBoSers Uf PO m,

1 Sl (o RO b sk K e S

of Use Th8reof (iiqnthe '
ADDRESS: (A) ADDRESSEE: . Jones & Askew (B) STREET: 191 Peachtree Street,

37th Floor (O CITY: Atlanta (D). ST{RE, isa (E) COUNTRY: USA (F)
Disketie, 3.50 (B Vemmﬁ'é’c%”gﬁﬁn?ﬁe%sﬂéerg‘m&ﬁ'q’&@s Sreis: 7.0
, The protein conjugate (MBP-cINAs5is) is used as an
10 antigen to immunize prepubescent, female parrots against
circulating inhibin levels, and to therefore accelerate the onset of
egg lay in the treated parrots. The method described in Example
8 is followed with the following exceptions. The average age at
puberty for an untreated parrot is approximately 30 months. The
15 ~ following is the treatment schedule for a parrot having an
| approximate body weight range of 0.5 to 1.25 pounds: primary
(first) injection of 0.75 mg of the heterologous protein of the
present invention on its 28th month of age; and boosters of 0.375

mg on the 29th, 30th, 32nd, 34th, 36th, and 38th month of age.

20
It should be understood, of course, that the foregoing
relates only to preferred embodiments of the present invention
and that numerous modifications or alterations may be made
therein without departing from the spirit and the scope of the
25 invention as set forth in the appended claims.



(D) SOFTWARE: M crosoft Wrd (vi) CURRENT APPLI CATI ON DATA: (A)
ARPL| CATI ON NUMBER (B) FILING DATE: (C) CLASSI FI CATION: (vii) PRI OR

* ARPLI CATI ONv@$ditzo8¢ A) APPLI CATI ON NUMBER: 08/ 202, 964 * (B T/UBSS02063
DATE: February 28, 1994 (viii) ATTORNEY/ AGENT | NFORMATI ON:  (A) NANE:

- Roxanne Edwar ds Cenat enpo (B) REG STRATI ON: 38, 767 (C) REFERENCE/ DOCKET

| NUMBER. 01051- 0111 (i X) TELECOVMUNI CATI ON' | NFORMATI ON: (A) TELEPHONE:

| 404-818-3700 -(B) TELEFAX: 404-818-3799 (2) |NFORMATION FOR SEQ ID NO 1:
() SEQUENCE CHARACTERI STI CS (A) EBNGTH 515 base pairs (B) TYPE:

Nucl eic Acid (C) STRANDEDNESS: Single (D) TOPOLOGY: Linear (xi)

' SEQUENCE DESCRI PTION: G OGC CCA TCG GAG GAC GTG GOC GCC CAC ACC AAC TGC CGC
' OGG GOG 46 TCC CTC AAC ATC TCT TTC GAG GAG CTG GGC TGG GAC AAT TGG ATC
GTG 94 CAC CCC AGC AGC TTC GIT TTgeCAC TAC. TGC. CAC GGG AAC TGT GCC GAA

142 GGC GAC GGG CTG AGC CAC CGG CT EPLERELRFG TaC TGC GCC GGG 190
CTGCCCGGCACCATG%% E&CCACCTCTGATGGT 238 GGC
TAC TCC TTC.AAG TAC GAC 286 TGC ACC
TGT GIC TA v T 302 WD 95/ 22980
PCT/ US95/ 02795 72 AGCTGEC AT%&?% CTCOCC GTTGCCTCTG
neroaoAe i 410° coBAEEE. s e claiec o

ACTGCGCAGCqs 419 CCGCGAGCAGG CAGGGACC CAGGIGGAAG TT

CTTTGACTGC 479 YoACHEEEEGA TGGTTTCAGG TTGOGTGGGT GCTGCA
515 (3) | NFORMVATI ON KUMBBRQOFDSEQUERCES: 4 _
(iv) CORRESPONDENCE ADDRESS:

(A) ADDRESSEE: dJones & Askew
(B) STREET: 191 Peachtree Street, 37th Floor
(C) CITY: Atlanta
(D) STATE: Georgia
(E) COUNTRY: USA
(F) 2IP: 30303-1769
(v) COMPUTER READABLE -FORM:
(A) MEDIUM TYPE: Diskette, 3.50
(B) COMPUTER: MacIntosh
{(C) OPERATING SYSTEM: 7.0
(D) SOFTWARE: Microsoft word
{vi) CURRENT APPLICATION DATA:
: ' (A) APPLICATION NUMBER:
{B) FILING DATE:
. (C) CLASSIFICATION:
{vii) PRIOR APPLICATION DATA:
{(A) APPLICATION NUMBER: 08/202,964
' (B) FILING DATE: February 28, 1994
{viii) ATTORNEY/AGENT INFORMATION:
. (A) NAME: Roxanne Edwards Cenatempo
(B) REGISTRATION: 38,767 .
(C) REFERENCE/DOCKET NUMBER: 01051-0111
(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 404-818-3700
(B) TELEFAX: 404-818-3799

(2) INFORMATION FOR SEQ ID NO: 1:
(i) SEQUENCE CHARACTERISTICS

(A) LENGTH: 515 base pairs

(B) TYPE: Nucleic Acid

{C) STRANDEDNESS: Single

(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION:

G CGC CCA TCG GAG GAC GTG GCC GCC CAC ACC AAC TGC CGC CGG GCG 46
TCC CTC AAC ATC TCT TIC GAG GAG CTG GGC TGG GAC AAT TGG ATC GTG 94
CAC CCC AGC AGC TTC GTT TTC CAC TAC TGC CAC GGG AAC TGT GCC GaA 142
GGC GAC GGG CTG AGC CAC CGG CTG GGG GTG CAG CTG TGC TGC GCC GCG 190
CTG CCC GGC ACC ATG CGC TCA CTG CGT GTC CGC ACC ACC TCT GAT GGT 238
GGC TAC TCC TTC AAG TAC GAG ACG GTG CCC AAC ATC CTG GCG CAG GAC 286

TGC ACC. TGT GTIC TAG C 302
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(i) SEQUENCE CHARACTERI STICS (A) LENGTH: 99 residues (B) TYPE: Ami no

- Acid (C) STRANDEDNESS: (D) TOPOLOGY: Linear (xi) SEQUENCE

- DESCRI PT| @b ofixgdr o Ser A u Asp Val Ala Ala H s Thr Asn CysPéTmsessiaz79s a -
15 Ser Leu Asn Ile Ser Phe Qu GQu Leu Gy Trp Asp Asn Trp Ile Val

. 3% Hs Pro Ser Ser Phe Val Phe H's Tyr Cys His Ay Asn Cys Ala du. - 47
| Gy Asp Ay Leu Ser Hs Arg Leu Ay Val G n Leu Cys Cys Ala Ala 63.
Leu Pro Ay Thr Met Arg Ser Leu Arg Vi@ Arg Thr Thr Ser Asp Ay 79
Gy Tyr Ser Phe Lys Tyr Gu Thr Val Pro Asn Ile Leu Ala G n Asp 95
‘Cys Thr Cys Val - , 99
(4) INFORMATION FOR SEQ ID NO 3: (i) SEQUENCE CHARACTERI STI CS (A)
LENGTH: 516 base pairs (B) TYPE: Nucleic Acid (C) STRANDEDNESS: Single (D)
e e
: Y
i v srccacrgh E TR
CAC TAC T&G%%GM@W getecald? TGG CCA CGG GCT GAG CCAs¢EG

GCT GGG GGT GCA GCT GIG CTG CGC CGC 190 GCT GCC CGG CAC CAT GCG CTC
ACT GCG TGI CCG CAC(EAC CREORMATION FOR SERS IDGBDGGZTAC TCCTTCAAGT -
ACGAGACGHT1 JGLCCCAACASEQUENCE(CHARACTERISTICS 285 ACTGCACCTG TGICTAGCAG
CTGGCATGCA CGGCCAGACE) CGCBNGERIC 99 residues 335 TCCCCGITGC CTCTGGACTG

CCCCAGTGCC AGATGATGAB) CCTXPECCABino Acid 385 GGATGGAGGA GICACTCACA
CGGGCACTGC GCAGCCCGHR) GOS@@&NQRQNESS' 435 GGACCCAGGT GGAAGITTG
GIGGT GCCAC CCT CCCTTIR) A @g¥: Linear 485 TTTCATGGIT TCAGGITGCG
TGGGTGCTEX | SEQUENCE DESCRIPTION- 516 (5) | NFORMATI ON FOR SEQ . {
I D NO 4: %@ﬁ H: 77 (B) TYPE15
- Am no Aci QJENCE

DESCRIPTI §§Ef§E§ 8 Nl §§p 9 Arg Am

Gly Asp Gly Leu Ser His Arg Leu Gly Val Gln Leu Cys Cys Ala Ala 63

Leu Pro Gly Thr Met Arg Ser Leu Arg Val Arg Thr Thr Ser Asp Gly 79

Gly Tyr Ser Phe Lys Tyr Glu Thr Val Pro Asn Ile Leu Ala Gln Asp ‘ 9s

Cys Thr Cys Val 99

: (4) INFORMATION FOR SEQ ID NO: 3:
(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 516 base pairs
(B) TYPE: Nucleic Acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION:

G CGC CCA TCG GAG GAC GTG GCC GCC CAC ACC AAC TGC CGC CGG GCG 46
TCC CTC AAC ATC TCT TTIC GAG GAG CTG GGC TGG GAC AAT TGG ATC GIG 94
CAC CCC AGC AGC TTC GTT TTC CAC TAC TGC CAC GGG AAC TGT GCC GAA 142
TGG CCA CGG GCT GAG CCA CCG GCT GGG GGT GCA GCT GTG CTG CGC CGC . 190
GCT GCC CGG CAC CAT GCG CTC ACT GCG TGT CCG CAC CAC CIC TGA 235
TGGTGGCTAC TCCTTCAAGT ACGAGACGGT GCCCAACATC CTGGCGCAGG 285
ACTGCACCTG TGTCTAGCAG CTGGCATGCA CGGCCAGACC CGCGTGGATC 335
TCCCCGTTGC CTCTGGACTG CCCCAGTGCC AGATGATGAG CCCATCCCAG 38S
GGATGGAGGA GTCACTCACA CGGGCACTGC GCAGCCCGGA GCAGGGAGAG 435
GGACCCAGGT GGAAGTTTTG GTGGTGCCAC CCTCCCTTTG ACTGCCAGGG 485
TTTCATGGTT TCAGGTTGCG TGGGTGCTGC A 516

{5) INFORMATION FOR SEQ ID NO: 4:
(i) SEQUENCE CHARACTERISTICS
{A) LENGTH: 77
(B) TYPE: Amino Acid
(<) STRANDEDNESS :
' (D) TOPOLOGY: Linear
(xi) SEQUENCE DESCRIPTION:

Arg Pro Ser Glu Asp Val Ala Ala His Thr Asn Cys Arg Arg Ala 1s
Ser Leu Asn Ile Ser Phe Glu Glu Leu Gly Trp Asp Asn Trp Ile Val 31

His Pro Ser Ser Phe Val Phe His Tyr Cys His Gly Asn Cys Ala Glu 47



Ser,-Leu Asn Ile Ser Phe Gu Qu Leu Ay Trp Asp Asn Trp Ile Val 31

H's Pro Ser Ser Phe Val Phe Hi's Tyr Cys Hs Ay Asn Cys Ala Qu 47
WO 95/ 22980 95122980 - PCT/US95/02795
PCT/ US95/ 02795 73 Trp Pro Arg Ala G u Pro Pro Ala Ay @y Ala Ala Val Leu
Arg Arg 63 Ala Ala Arg His His Ala Leu Thr Ala Cys Pro His H s
Leu ' 77 WD 95/ 22980 : _

PCT/ US95/ 02795 74 Claims Wat is claimed is: 78 1. A nethod of

accelerating the onset of egg lay in a female bird, conprising the step of
adm ni stering an effective anmount of a heterol ogous protein conprising

al pha-subunit avian inhibin protein, or a fragnment thereof, and a carrier
protein, to a female bird such that the onset of egg lay is accelerated in
t he 10 d tfid [ he blrd is selected
fromthe g%ﬁgé%oﬁgigsﬁlﬁn%ﬂgfg?a%t ggi &ga?%é{ %?‘E Lo con?fporrgrres 25

pi ci f or mes alstaxlaghf® HIRSHiDAIA Clduf CRFRAA &Ps Pro Hid:(itaacﬂ.é‘uor nes, 7
ralliformes, cuculifornes, colunbifornes, gallifornes, anserlfornes and
herodi ones. 3. The nethod of Caim 2, mherein the ratite is selected from
the group consisting of an ostrich, enu, rhea, kiw, and 20

cassowary. 4. The net hod of Cla|n12 mhereln the bird is sel ected from
the group consisting of a chicken, turkey, parrot, parakeet, nmkaw, falcon,
eagl e, quail, hawk, pigeon, cockatoo song bird, 25 jay bird,

- blackbird, finch, warbler, and sparrow. 5. The nethod of Claim1, wherein
. the inhi b| n protein has or contains substantially the sane sequence as SEQ
1D NO 2. 30 6. The method of Claim1, wherein the inhibin

. protein has or contains substantially the sanme sequence as SEQ | D NO 4.
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WD 95/ 22980 7. The method of Caiml1, wherein the carrier protein is
sel ect ed from t he group consi sting of maltose binding protein, bovine serum

al bum n, ? ey, flagellin, keyhole lynpet hemocyanin, sepgfiughfsstos,
gama globu N, syngeneic ceIIs 5 syngeneic cells bearing la .
~antigens, and poI ynmers of am no acids. 8. A met hod of increasing egg-

i production in a female ratite, conprising the step of adm nistering an

_effective amount of a heterol ogous protein cthprising Wﬂe
i nhibin 10 protein, or a fragnent thereof, and a Ler protel

a female ratite such that egg production in the ratite |ﬁ“

The nmethod of Claim9, wherein the ratitdlaimsl ected fr W”'[
consisting of an ostrich, enu, rhea, kiwi, and 15 cassovbary' he
met hod of Claim?9, wherein the ratite is an ostrich. 20 11. The

met hod of O ai m SWhatdseslaimead is:nhi bi n protein has or contains
substantially the same sequence as SEQ ID NO 2. 12. The nethod of O aim 8,

wherein the inhibin protein has qr contai nsl subst apti al Ié Ee sa seqguence
as SEQ I3 NO 4. 25 13. lThe Aetmethad gratipg to r¢8& ¥rid &i n

s sel efLEd from § CEB&& 5 Qhen?b poof édmih!sh geﬂngt&nreffbauvee
serum al bum n, ova mn a et .he ni r

al bumi n, gamua gl aBQUDE 0%§rk§3ﬁ£919899§| 0%5’6’ rn‘nD ﬁ%@%&t '3'3\‘3@ alb{ghﬁ ng
la antigens, and pfibieproféingor® fmgmentltheredf laocarrier proteim,i toyat he
nunmber of | ow cholest p e
step of adm ni stef?%?%ﬁmé‘f%ggpl g@%ﬁ?ﬁsrd}eﬁg# gl%sggﬁgeipgri%e? I N E}ga
conprisiyy al pha-bigdinit avian inhibin protein, or a fragnent

95/ 22980 PCT/ U895/ 02795 t her eof ,

o arer imoer or Fow Ghot Sate St of TRl TSR e PRI ledied
lifetime total eggrday ¢hea group cdns1stxng of ratites, psittaciformes,
falconiformes, piciformes, strigiformes, passeriformes,
15 coraciformes, ralliformes, cuculiformes, columbiformes,

~ galliformes, anseriformes, and herodiones.

3.  The method of Claim 2, wherein the ratite is selected
from the group consisting of an ostrich, emu, rhea, kiwi, and
20 cassowary.

4. The method of Claim 2, wherein the bird is selected
from the group consisting of a chicken, turkey, parrot, parakeet,
makaw, falcon, eagle, quail, hawk, pigeon, cockatoo, song bird,

25 jay bird, blackbird, finch, warbler, and sparrow.

5. The method of Claim 1, wherein the inhibin protein
has or contains substantially the same sequence as SEQ ID NO:2.

30 6. The method of Claim 1, wherein the inhibin protein
has or contains substantially the same sequence as SEQ ID NO:4.



5 femal e bird, conprising the step of administering an effective
anount of a heterol ogous protein conpri sing al pha-subunit avian inhibin
protein, owo®shimgnent thereof, and a _carrier—pretein, to a PETAISES/EE79S

such that the lifeti al egg aw@&‘.tﬁe'bﬁr&cﬁ'\b i ncreased. 10 16. A
. fused gous prote| n conpri $i ng a.'tma»;fj:@ubumi I nhibin protein, or a

: Lg?g?glnf) ﬁﬁl& “‘\mtw oa?mci‘gl’l wher -er;]t::[ 'r:é!Su nhE BHIS §HB§ ﬁé% BEET\}}‘G fused

cont ai ns ntially the same sequence as SEQ | th fused
het er ol ogous protein of Caim16, wherein 20 ne | nh| b| n protein has

or contains substantiall.y ttEheanethod ofrClains lspwhereimthe catrier protéims ed
het | t d
T ol be SRS i DA AL
al buni n, oval buni ,bovrmggsq:mm albymine ¢ eyb ale lympet

gamra gI obul i n, Sﬂaﬁﬁéjr m iﬁlp '
pol ymers of am no aci ds inﬁﬁ déruntlba gma ﬁa%néelw

? f d
het er ol ogBUs protéynsesﬁ’&@we@ﬁegskeﬂns@&( ﬁm&rﬁ i Raddbise

CcDNA whi ch is encoded for al pha-subunit inhibin, or a fragrrent thereof (b)
provi ding a vector whi has, C f t P, t|on
of a carrier protein; ?;) I‘?‘g@ﬁtﬁgd %%%ﬁ SggAﬁfﬂchpﬂg @%&
95/22980 77 (d) iratite,: comprisingi the: step, of tadministering cam effactive amount
and (e) expressi L [ e|n
and the carrier p?gtépwgih%?}mn%%ﬁéo ﬁﬁb npg%*’%‘g?ﬁéldyl?ﬁe I Nl
cDNA 10 protein, or a fragment thereo a carrier protein, to a fe

ratite such that egg production in the ratite is increased.

9.  The method of Claim 9, wherein the ratite is selected
from the group consisting of an ostrich, emu, rhea, kiwi, and
15 cassowary. | |

10. The method of Claim 9, wherein the ratite is an
ostrich.

20 11. The method of Claim 8, wherein the inhibin protein
has or contains substantially the same sequence as SEQ ID NO:2.

12. The method of Claim 8, wherein the inhibin protein
has or contains substantially the same sequence as SEQ ID NO:4.

25 :

13. The method of Claim 8, wherein the carrier protein
is selected from the group consisting of maltose binding protein,
bovine serum albumin, ovalbumin, flagellin, keyhole lympet
hemocyanin, serum albumin, gamma globulin, syngeneic cells,

30 ~ syngeneic cells bearing Ia antigens, and polymers of amino acids.

14. A method of increasing the number of low
cholesterol eggs produced by a female bird, comprising the step
of administering an effective amount of a heterologous protein

35 comprising alpha-subunit avian inhibin protein, or a fragment
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has or contains substantially the sanme sequence as SEQ ID NO 1. 22. The
met hod of Cl aim 20, wherein the inhibin cDNA 10 has or contains

subst ant i avioyesihssesane sequence ag §BQ TN 3:723—The net hakwésssloaiom 20,

P Ewad |

wherein the carrier protein is sellect’éd; f.romjhe*—ghl up consi sting of
rralt—c_)ie__bLﬂdJ_ng—p#e{—a—ﬁ bovi ne sé al buimn=" oval Humi n, flagellin,

. keyhol e |'ynmpet 15 henpn fjal bum n, “gama gl obul i n,

" Z)C/Ingg m‘mm'““‘ “m “Hne WHISBS 3 56tigens, and pol ymers of amino

thereof, and a carrier protein, to a female b1rd such that the bird
- produces a greater number of low cholesterol eggs.

15. A method of increasing the lifetime total egg lay of a

5 female bird, comprising the step of administering an effective
~ amount of a heterologous protein comprising alpha-subunit avian
inhibin protein, or a fragment thereof, and a carrier protein, to a.

female bird such that the lifetime total egg lay of the bird is

increased.
10
' 16. A fused heterologous protein comprising alpha-
subunit inhibin protein, or a fragment thereof, fused to a carrier
protein.
15 17. The fused heterologous protein of Claim 16, wherein
" the inhibin protein has or contains substantially the same sequence
as SEQ ID NO:2.
18. The fused heterologous protein of Claim 16, wherein -
20 - the inhibin protein has or contains substantially the same sequence

as SEQ ID NO:4.

19. The fused heterologous protein of Claim 16, wherein
the carrier protein is selected from the group consisting of
25 ' maltose binding protein, bovine serum albumin, ovalbumin,
flagellin, keyhole lympet hemocyanin, serum albumin, gamma
globulin, syngeneic cells, syngeneic cells bearing Ia antigens, and
polymers of amino acids.

30 20. A method of producing a fused heterologous protein
. comprising the steps of:
(a) providing double strand cDNA which is encoded for
alpha-subunit inhibin, or a fragment thereof;
(b) providing a vector which has coding information for
35 the production of a carrier protein;
'(c) ligating the inhibin cDNA into the vector;
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(d) inserting the ligated vector into an expression system;

(e) expressing a fused heterologous protein comprising

inhibin protein and the carrier protein.

5
21. The method of Claim 20, wherein the inhibin cDNA
has or contains substantially the same sequence as SEQ ID NO:1.
22. The method of Claim 20, wherein the inhibin cDNA

10 has or contains substantially the same sequence as SEQ ID NO:3.

23. The method of Claim 20, wherein the carrier protein
is selected from the group consisting of maltose binding protein,
bovine serum albumin, ovalbumin, flagellin, keyhole lympet

15 hemocyanin, serum albumin, gamma globulin, syngeneic cells,

' syngeneic cells bearing Ia antigens, and polymers of amino acids.



