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Protein Rib, a cell su~ce protein that confers imrnunicy to many strains of the 

groyp B Streptococcus~ process for purification of the protein. reagent kit and 
h 'cal '· . p~uu compo~1tton 

This invention rel~tes to a novel protein designated Rlb {and subfragments, varian~ 

and multiples thereof) wbi~h confers immunity to m.oi;t invasive strains of the group B 

Streptococcus, a proced~t? for purification of the protein, antibodies specific to the protein, a 

reagent kit and a pharmac~utical composition comprising the protein or fragments thereof. 

During the last ~ee decades, the group B Streptococcus has emerged as a major 

cause of neonatal disease ~n the Western world. In the United States aione, there are about 

10,000 cases per year of iµvasive disease caused by this bacterium. These infectiom have an 

overall mortality of about :ioCJG, and many of the infants that survive have permanent 

neurological sequelae. In yiew of these findings, a large effort bas been made to find methods 

of prevention and trea1meht and to analyze the mechanb,ws by which group B streptococci 

cause infections. 

About 20 % of ~ll women ate vaginal carriers of the group B Streptococcus~ and 

vertical ti:ansmission ftottj the maternal genital tract is probably the most common source of 

infection in neonatal di~ caused by 1his_ bacterium. However, only l to 2 % of the infants · 

that are coloni~ by the group B Streptococcus at birth are afflicted by serious infection.. Other 

factors than exposure to. 4e bacterium during birth must therefore contribute to the 

developruent of neonatal ~j~se. Mothers of infected infants have significantly lower levels of 
I 

antibodies to the type Ill papsule, wroch implles that these antibodies a.re important for 

protection against neona~l disease ( Baker,c.r. and D.L. Kasper, N. Engl. J. Med. 1976, 

294:753 ). 

Group B streptocbccal strains are divided into four major serotype.s (Ia, lb, II, and ID) 
I ·. 

based on the structure ofjthe polysaccharlde capsule (Baker, J lrif DiJ 1990. lfil: 917). 

Serotypes I, II, and UI o{cur in roughly equal proportions among strains in the normal tlo.ra, · 

but' type Ill accounts for ~bout two-thirds of all isolates from fovasive infections. Since the 

capsule is a known v'irulJnce ractor, it has been studied i~ considerable de~il, in partic~ in 
I : . 

type III Stl'ains. Eftbrts hkve been made to develop a vaccine, in which·the type m 
polysa.tlaride capsule ~_be an essential component. Howovet, use of the polysacohatlde 
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capsule as a .vaccine may give problems-due to crossreactions with human tissues (Pritchud et 

al.t Infect Immun 1992. 60: 1598). It would therefore be very valuable if one could develop a 

vaccine based on proteins rather tha~ on polysaccharides. 

The group B SrreptococCll.S can also cause mastftis in cows, a bovine disease that is 

of considerable economical importance. Development of a vaccine against group B 

streplOCOccal infections is therefute of interest also in veterinary medicine. 

Two gro:up B streptococcal cell ~-urface proteins have previously been studied in detail: 

the alpha and beta proteins. These proteins confer protective immunity to strains expressing the . . 
proteins, but they are of limited interest for group B streptococcal disease, since they are 

usually not expressed by type Ill strains, which cause the majority of serious infections. 

Our invention relates to a streptococcal cell :n1rface protein. and variants and 

subfragments thereof. This protein. which is designated protein Rlb, was isolated from a group 

B streptococcal strain of serotype riI a.1t a distinct 95 kD protein. Protein Rib is expressed by 

almost all group B streptococcal strains of serotype m and by a few strains of o1her serotypeS 

such as ll. A method has been devised to pu~fy protein Rib and it has been demonstrated 1bat 

antibodies to this protein protect against lethal ~n&etion with strains expressing protein Rib. 

The invention also relates to naturally occurring and artificially modified variants, 

subfragments and multiples thereof with ability to protect against infections caused by protein 

Rib expressing bacteria, i.e. especially group B streptococcal strains of serotype Ill. 

The invention also relates to a vector, such as a plasm.id, a cosmid or a phage, 

containing the genetic code for protein Rib and variants, subfragments and fragments thereof, "' 

~ui!able for insertion in a non-human host otganism and expression from said host. 'rite 

invention particularly relates to thn.--e phage clones, lambda Ribl-3, lambda Ri.bl-5 and lambda 

Ribl-7, having deposit numbets DSM ... respectively. 

The invention also relates to a DNA sequence encoding protein Rib and variants. 

subfr-ctgments fyagments and multiples thereof, that may be i,nserted in a suitable vectbr, such as 

a plasmid, a cosmid or a phage. The DNA sequence can be obtained from the deposit~d .phagCs 

lambda Ribl-3, lambda Ribl-S och lambda Ribl-7. 

"'1::1 ........ -
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The Rib protein is expressed by different type ID strains. Extracts prepared from 

several different strains that were anafyT..ed by Western blotting, using anti-Rib serum for the 

analysis, showed that almost all extracts contained protein Rib, but the molecular mass of the 
protein varied between 65 and 125 kD (data. not shown). This result was not unexpectec.I, since 

size variation bas previously been described also for other group B streptococcal proteins, the 

.alpha and beta proteins. 

The available data suggest that the protein may consist of mllltiples of units, each unit 

corresponding to a molecular mass of about 9 kD. The invention therefore includes 

subfragments and multiples of the 95 kD protein or of a basic unit with the same 

characteristics. Variants include subsntution 01 insertions of amino acids without changing the 

ability to protect against infections caused by bat.'terias expressing the protein. 

Group B streptococcal strains ate well known and may be isolated from the blood of 

infected human beings. The BMUO strain used by the inventors was obtained from Dr. S. 

Mattingly (University of Texast San Antonio. Texas). All strains referred to herein .are 

obtainable from the inventors at the University of Lund and the Lund University Hospital 

(Doctor Gunnar' Lindahl. Department of Medical Microbiology, SOlvegatan 23, S 22362 Lund> 

Sweden). 

Protein Rib may be isolated from group B streptococcal strains of serotype m, 

preferably from str~in BS30 or BMllO. The invention concerns a process for purification of 

protein Rib. 

The protein may be isolated by the following procedure: A Streptococcus. Group B 

strain expres.'\ing the protein is cultivated, the medium and/or the microorganism are jsolated, 

the bacteria .are digested with an enzyme, preferably mutanolysin, a protease il1;hibitor is 

optionaly added, the digested bacteria ai:e sepat"",ted from the supernatant and protein Rib is 

extracted from the supernatant. The media can be any media suitable for cultivation of 

stteptococci, such as Todd-Hewitt hroth (Oxoid) and the. cells are preferably cultivated 1-30, 

especially .12-20 bouts. The dige.:stion with an enzyme, preferably mutanolysin, is performed 

without shalcjng for 1-30, especially 10-20, preferctbly 15-18 hours at 20-40 "Ct preferably 37 

"C. The protein may be isolated from the mediumt and in such. a case there is no need for 

digestion with the enzyme which is used lo hreak the cell walls. A protease inhibitor such as 

141004 
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benzamidine chloride. iodoacetic acid or pheny1methyl sulfonyl fluoride is added to prevent the 

action from proteases which may contaminate the mutanolysin or may be present in the 

microorganisms. 

The proiein can be purified by ion exchange chromatography 1 preferably anion 

exchange chromatography and gel filtration. and fractions containing the protein C(lllected 

according to established pracdce within the a.rt 

The invention especially concerns a substantially pure protein Rib or subfragments 

thereof. Wi~ the expression "substantially pure" we understand a substance that does not 

contain phannaceutically harmful substances. 

The invention also concerns antjhodie.~ corresponding to protein Rib and 

subfragments, variants or multiples thereof. It is well known how to immunize an animal with 

an aI1tigen1 in this case protein Rib, collect the blood, isolate the serum and use the antibodies 

that react with the protein. The serum or an IgG fraction containing the antibodies may he used 

in analyzing the protein. 

Since antibodies to protein Rib can protect against lethal infection with group B 

streptococcal strains, a method to measure the level of such aotibodies can be valuable. for 

e'ltample in order to estimate if a pJ:egnant woman has antibodies enough to protect the baby 

from b'Uch an infection. Protein Rib Ol' subfragments thereof can be used to detect such 

antibodies to th~ protein. Th$ invention therefore also concerns a reagent kit containing protein 

Rib or subfragmeots thereof. 

It can atso be of interest to analyze various samples for the presence of protein Rib. 

Antibodies to the protein can be used for th.is pwpo~. Tlie invention therefore also concerns a 

reagent kit, comprh;ing antibodies to prorein Rib or subftagments thereof, for detection of the 

protein. A reagent kiL may contain any of thi: above mentioned blood fhtctions containing the 

antibodies. It may also contain the protein, subfragments or multiples·thereof for use as a 

standard. 

The properties of pro~ein Rib indicate that this protein can be used for the development 

of a vaccine agai~t the group B Srreprococcus. The invention therefore also concerns a 

ll!OU5 



'96 02116 10:.U "il'46 8 101923 

r THIS SHEET HAS BEEN 
REPLACED 

I 

5 

. pharmaceutical composition comprising the protein or fragments thereof as active ingredients. 

possibly together with pharmaceutically acceptable adjuvants and excipients. Suitable 

pha~ceutically accep~ble adjuvants are those conventionally used in this field. Examples of 

suitable excipients are mannitol, lactose, starch, cellulose, glucose, etc., only to mention a few. 

The examples given of the adjuvant and the excipients are not to be regarded as limiting the 

invention. 

The invention will now be described in more detail, with the accompanying drawings, in 

which~ 

Figure 1 shows a Western blot analysis of extracts prepared from group B sttept.ococcal strains 

representing the four main serotypes (type Ia: strain A909; type lb: SB35; type II: Bl284; type 

Ill: BS30). As shown in the immunoblot, the idrains of types Ia and lb express the alpha and 

beta proteins, and the position$ of these proteins in the stained gel are indicated by arrows 

(lower arrow: alpha anti&en; upper arrow: beta antigen). The position in the stained gel of the 

95-kD protein Rib of the type m strain BS30 is indicated by a star. Molecular mass markers. 

indicated on the left. are in kD. 

Figure 2 shows pmification of protein Rib from the type III strain BS30. (A) A mu~nolysin 

extract. pa'Ctially purified through a previoll<; step of DEAE ion exchange chromatography, was 

subjected to ion exchange chromatography on a 30 ml column of DEAE Bio-Gel A, which was 

eluted with a linear gradient (800 ml) of NaCl in 10 mM Tris. pH 8.0, followed by 1 M NaCl 

(60 ml). The shaded area indicates fractions containing protein Rib. The insert shows a pool of 

the protein Rib-containing fractions analyzed by SOS-PAGE; molecular mass markers, 

indicated on the left, are in kD, and the position of protein Rib (95 kD) is indicated by an 

arrow. (B) The pool of protein Rib-containing fractions from the ion exchange chromatography 

was subjected to gel filtration on a column (4.2 x 90 cm) o~ Sepharose CL6B. The shaded area 

indicates fractions containing protein Rib and the insert shows a pool of these fractions 

analyzed by SOS-PAGE. Vu void volume: Vu total volume. 

Figure 3 shows analysis of group B streptococcal strains of ~e tbur major serotypes for cell 

surt4ce expression of the alpha. beta and Rib proteins. Five strains were tested: A9@ (fype Ia); 

SB35 (type Ib); Bl284 (type II); BS30 (type III), and BMI IO (type Ul). The symbols used for 

ta]006 
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these five strains are shown in panel C. Bacterial imspension.q were incubated with differ~nt 

dilutions of rabbit antiserum to the alpha, beta , or Rib protein, as indicated. The numbers on 

the x-axis refer to final antibody dilution in the bacterial mixture. Bound antibodies were 

detec1ed by incubation with radiolabelled protein G. Controls with preimmune rabbit serum 

were included in all experiments and were completely negative in all cases. 

Fi8llfe 4 shows Western blot analysis of purified alpha, beta, and Rib proteins with rabbit 

antisera raised against the purl tied proteins. Anlisera were used at a 1: 1 ,000 dilution, and 

bound antibodies were detected with radiolabelled protein G- Molecular mass markers, 

indicated on the left, are in kD. 

figure 5 shows SDS-PAGE analysis of the purified alpha, beta. and Rib proteins treated· with 

trypsin or pepsin. The trypsin tteatment was performed at pH 7.5, the pepsin treat111ent at pH 

4.0. The samples were neutralized before the SOS-PAGE analysis. Controls were treated in the 

same way as the samples containing trypsin or pepsin, but no enzyme was added; such 

treaunent did not cause degradation of the protein.-;. P """ pepsin; T = trypsin. Molecular mass 

markerS. indicated on th~ left, are in kD. 

Figure 6 shows the resulL'i of cloning of the rib-gene from ~train BMllO and expression of 

protein Rib in Escherit'hia coll. (A) Western blot analysis· of 7 different A. clones. Incubation 

with anti·Rib. (B) Restriction digests of chromosomal DNA from strain BMIIO. (C) 

Re.~trlction digests of the Rib expressing A.-clone A!ib3. 

Mutanalysin ex.tracts of several striii~ of different serotypes were analyzed by SDS­

PAGE and by immunoblotting, using antiser4 tu the alpha and beta proteins, see example 1. 

Results obtained with four strains representing the four major serotypes are shown in Fig. 1. 

The alpha and beta proteins, which are expressed by both the type Ia strain and the type lb 

strain, gave rise to distinct bands in the high molecular weight region of the··swned gel. These 

proteins vary in size ber.veen the two strains, in agreement with previo\lS observations. A 

major protein species in the high molecular weight Tegion was present also in the extr4ct 

prepared from the type III strain, although qiis strain does not express the alpha protein or the 

beta protein. Such a aistinct protein &-pecies of high moleculai::: weight was ~lso obs.e~ved in · 

e"tracts of other type m strains; and the protein appeared to vary in size between different 

strains. ~ese similarities to the alpha and beta proteins made it ~f foterest tu ii.iudy the hlgh 

l4I 007 
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molecular weight proteins of type m strains in more detail. S1rain BS30 was chosen for this 

work. because it was known to be mouse virulent. The 95-kD protein expressed by this strain 

(Fig. 1) was purified (Example 2) from mutanolysin extracts, using two consecutive step.~ of 

ion ~change chromatogiaJJhY, followed by gel filtr:ation (Fig. 2). Fractions were .analyzed. by 

SDS-PAGE for presence of the 95-kD protein. When appropriate fractions from the gel 

filtration were pooled and analyzed, only two protein species were found: a major 95-kD 

protein and a minor 90-kD protein (see insert in Pig. 2B). The 90-kD protein most likely 

represents a degradation product of the 9S~kD protein, since these two proteins were later 

shown to have the same NH2-terminal sequence. The purified protein is referred to as protein 

Rib (Iesistance to proteases, immunity, group Jl). Antiserum to the 95-kD form of protein Rib 

was prepared by illlmunizing rabbits with slices cut out from SDS-PAGE gels. 

To analyze whether protein Rib is a cetJ surface protein. strains representing the four 

major serotypeS were tested for ability to bind anti-Rib serum (F"tg. 3). The five strains studied. 

included the four strains described above and an additional type m strain, BMl 10, which is a. 

member of the high·virulence type III clone. For comparison. these five strains were also 

te.«>red for expression of the alpha and beta proteins, using antisera to highly purified 

r-reparatioos of these proteins. 

The anti~alpha serum reacted strongly with the Ia and lb strains, as expected, and it also 

reacted weakly with the two strains of type III (Fig. 3A). However, mutanolysin extracts of the 

type m straiTIS did nor contain any detectable alpha protein, when analyzed in a Westetn blot. 

1t therefore seems likely that this weak reactivity of anli-alpba serum with whole bacteria of 

type III represents a cross-reactivity with some other cell wttll component. These data show 

that reactivity with anti-alpha serum can be used to unequivocally analyz.e whether a strain 

expresses the alpha antigen on the cell surface. Similar data were obtained with anti-beta serum • 

(Fig. 3B). 

The antiserum to protein Rib reacted with the two type m stra~ns, but not with the type . . 
la and Ih strains (Fig. 3C). An. intermediate leve1 of binding wa.-; observed for the type II 

strain. When mutanolysin extracts of the five strains were analyred in a Western blot . 

experiment, using anti-Rib. serum fur the analysis, the extracts of the type m strains reacted 

strongly. giving major blotting band." at 95 1<:0, but the extracts of the three other strains 

completely lacked reactivity (data not shown). ihis result i11dica.tes that the interme~ate 

~vvv 
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reactivity of anti-Rib serum with the type IJ strain was due to a crossreactivity, whlch 

disappeared under the conditions of the Western bloL We conclude that protein Rib is 

expressed on the cell surface of the two type Ill :,"trains, hut not on the other three strains. 

A to1al of 58 strains of known serotype, all of whiCh had been isolated from invasive 

infections, were then tested for ability to bind antibodies to protein Rib (see Table l, example 

6). Each strain was also tested for binding of antibodies Co the alpha and beta proteins. To 

simplify the study of many strains, each an1iserum was tested at a single 1000-fold dilution, 

chosen on the basis of the data shown in Fig, 3. This type of aoalysis gave unequivocal 

results, summarized in Table 1 of example 6. Protein Rib was found on the cell surface of 31 

out of 33 type III strains and on one out of 13 type Il strains, but not on any of the 12 strains 

of types Ja and lb. 

It seemed possible that strains lacking protein Rib on the cell surface excrete the protein 

into the medium. Culture supernatants of the 58 strains listed in Table 1 weie 1berefore 

analyzed in a dot~blot e"periment, using anti·Rib serum for the analysis. Protein Rib was not 

detected in 1he supernatants of any of the 26 strains that do not express the protein on the cell 

surface, but was found in the supematants of 26 of the 32 strains expressing the protein on the 

cell surface {data not shQwn). 

A mouse protection model was used to study whether rabbit antibodies to protein Rib 

can protect agaim.i lethal infection with the group B Streptococcus (Table 2, Example 7). 

Control animals received antiserum to the alpha protein Ot' preimmune serum, as indicated. The 

data show that antiserum tu protein Rib protects mlce ag'di~t lethal infection with strains 

expressing protein Rib. 

Since protein Rih confers protective immunity, like the alpha and beta protcinst it was 

of interest to compare these three proteins. A Western biol experiment was performed, using 

anusera to the purified ptotein~ for the analysis (Fig. 4). The staining gel showed that the three 

p.-otein.11 were highly purified, with one major species in each pn:paratio11, but there was no 

s~rotogical cro.~s-reaction between the three proreins,- as shown iri th~ Western blot. 

The alpha and beta protein.<; were originally distinguished due to a difference 1.n protea..~ 

sensitivity. The alpha protein is resistant to trypsin but sensitive LO pepsin, v.ilile the beta 
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protein is sensitive to both of these proteases (Bevanger and Maeland, Acta PaJh Microbiol 

Scand Sect B 1919. 87:51). An experiment with the purified alpha and beta proreins confirmed 

this difference and also demonstrated that protein Rib is resistant ~ both trypsin and pepsin 

(Fig. 5). As expected, all three proteiris were sensitive to degradation by proteinase K (data not 

shown). The protease resistance of protein Rib was not aue to the presence of an inhibitor' 

since beta protein was completely degraded by both trypi:ii.n and pepsin even in the presence of 

protein Rib (data not shown). 

The invention will now be described with the following examples, which however do 

not limit the scope of the invention. 

EXAMPLE 1. IDgNTIFICATION OF THE PROTEIN 

Four group B streptococcal strains representing 'the four main serotypes were used as 

reference strains: A909, type Ja/c; SB3S, type Ib; Bl284, type II; BS30, type m, described 

here. The BS30 strain was isolated at Lund University Hospital from a boy with neonatal 

infection. Ali bacterial straim; were grown in Todd-Hewitt broth (Oxoid) at 37°C, without 

shaking. MU:tanoiysin extracts of the strains were analyzed by SDS-PAGB and by 

immunoblottlng using antisera to the alpha and beta proteins. Small-scale mutanolysin extracts 

of streptococcal strains were prepared as described for the large-scale extracts used for protein 

purification, but cultures of only 50 m1 were used to prepare 20% bacterial suspensiom, of 

which 1 ml samples were digested with the enzyme. 

SDS-PAGE was performed with standard techniques, using a total polyacrylamide 

concentration of 10% and a cross-linking of 3.3%. Samples were boiled for 3 min in a 

solution containing 2% SDS and 5% 2"mercaptoethanol prior to electrophoresis. The separated 

proteins were stained with Coomassie Brilliant Blue R-250 or tra.nst:erred by electroblotting to a 

membrane of methanul·activated polyvinylidene difluoride (Immobilon-P; Millipore Corp., 

Molsheim, Prance), using 11. Semi-Dry Electroblotter (Aneos, Vig, Denmark). The Inuno°t'ilon 

membranes were blocked with ~latin, using standard procedures,· and then incubated with the 

indicated type of rabbit antiserum diluted 1000-fold (see example 1 ), followed by 

radiolabelled protein G and autoradiography. 

1t1uro----
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Proteins were radiolabelled with carrier-free J~ (Amershatn International, England), 

using the chloramine T method. To~ prot.ein conceotration.s were determined with the 

MicroBCA protein assay reagent (Pierce). Electtoelutl~n of protein from SOS-PAGE gels was 

perlormed with a model 422 Electro-Eluter from Bio-Rad. 

The results are shown in fig. 1. 

EXAMPLE 2. PURIFICATION OF PROTEIN Rib 

The bacteria in a 10 J overnight culture of strain BS30 were spun down, washed twice 

with 50 mM Tris, pH 7.3, and ~nded to 20% (v/v) in the same buffer. Mutanolysin 

(Sigma Chemical Co., St. Louis, MO), dissolved to 5000 unim/ml in lOmM potassium 

phosphate, pH 6.2, was then add~ to the bacterial suspemion (125 ml) to give a final 

concentration of 350 Wlits/ml. The digestion was allowed to proceed for 17 hat 37.ac with 

gentle shaking, and protease inhibitors were then added to rhe following final concentrations: 

benzamidiue chloride, S mM; iodoacetic acid, S mM; phenylmethyl sulfonyl fluoride, 2 mM. 

The suspension W'd.S centrifuged and the supernataru was immediately dialyzed ( dialygis tubing 

Spectrapor No. 4) against 10 mM Tris, pH 8.0. This dfalyzed preparation was subjected to two 

consecutive steps of ion exchange chromatography, which allowed the best recovecy of pure 

protein Rib, a..;; shown by preliminary experiments. The presence uf protein Rib was analyzed 

by SDS~PAGE and visual in~tion of·The gels for the presence of the 95·kD band. Io the first 

chromatography step, the dialyzed preparatiop (110 ml) was mixed with the same volume of 

0.4 M NaCl in 10 rnM Tris, pH 8.0 and 30 ml of DBAE Bio-Gel A (BioRad Labon.tories, 

Richmond, CA). equilibrated with 10 mM Tris, pH 8.0. This mixture ~ stirred gently at 4°C 

for 1 h, and unabsorbed material (containing prc:itein Rib) was freed from thtt_gel by_ filtration 

through a glass filter. for the second chromatography step (Fig. 2A). the filtrate containing 

protein Rib was diluted twenty4old with distilled water, to reduce the ionic stre~gtft, and 

mixed with 30 ml of DEAE Bio-Gel A, equmbrated as described ~bove. After ge.~tl~ stirring at 

4°C for 16 h, the gel was recovered by filtration and washecfwith 10 mM Tris, pH 8.0. 

Absorbed proteins (inclueling protein Rib) were eluted with art 800 mt linear salt gradient (0 -

0.2 M NaCl in 10 mM Tris, pH 8.0), followed by 1 M NaCJ (60 ml). Fractipns (1P .ml) were 

collected and those containing protein Rib were pooled, concentrated, and subj~ct~d to gel 

14.1011 
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filtration in a column of Sepharose CL6B (4.2 cm x 90 cm) in PBSA (0.12 M NaCl, 0.03 M 

phosphate, 0.02 ~NaN,. pH 7.2) (Fig. 2B). The fractions were analyzed by SDS-PAGE 

electrophoresis for presence of the 95-kD band. Fractions (10 ml) containing protein Rib were 
pooled and frozen. The yield of protein Rib ·was about 6 mg from 25 g of bacteria. To ensure 

the purity of the protein Rib preparations used for immunochemica.l analysis. the protein used . . 

for such work was further purified by SOS-PAGE, followed by eJectroelution of the 95-kD 

hand. However, SOS-PAGE analysis did not demonstrate any difference in purity between this 

electro-eluted material and that recovered from the gel filtration step. 

As mentioned above, protein Rib is also found in the mediwn of strains expressing the 
protein. The protein can be purified from &.'UCh a medium, using teehniques similar to those 

described abo\le. 

Automated amino acid sequence analysis of protein bands transferred to Immobilon was 
performed directly on the membranes, using an Applied Biosystems 470A gas-liquid solid­

phase sequenator. The membranes were lightly stained with Cooma.l!Sie Brilliant Blue to 
localize the protein bands, which were then cut out for sequencing. The SwissProt Data Jlank 

was used for analysis of protein sequences. 

The NHa-tenninal sequence of protein Rib from strain BS30 is shown in SEQ ID NO:I .. 

The two proteins with estimated molecular masses uf 95 kD and 90 lc.D in purified protein Rib 

(Fig. 2B) were found to have the sai;ne NH:;rtermina1 sequence, suggesting that the smaller 

mole(,-ute is a degradation product of the larger one. A dara search showed that the NH2'" 

terminal sequence of protein Rib is unique. 

The same purification prot~~dure was also followed for the isolation of protein Rib from • 

strain BMl 10. The NH1-terminal sequence (SEQ TD N0:2) of protein llib isQiated from s1tai.u 

BM 110 may differ from the NH-.~terminal sequence of the corresponding protein from BS30 at 

position 7, where the BMl IO protein may have Ser in place of Asp. 

EXAMPLE 3. PJJRTFICA TION OF THE ALPHA PROTEIN 

The alpha protein was purified from strain SB35. a type Tb scrain expressing both the 

alpha and beta proteins. The procedure used was similar to that used for purification of protein 
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Rib from strain BS30. Fractions were analy:zed for the presence of alpha protein by dot-blot 

analysis, using rabbit anti-alpha serum (kindly provided by Ot. L. Bevanger, University of 

1'roodbeim, Norway) and protein G (Calbiochem Co., San Diego, CA) radiolabelled with 12.1J:. 

In the ion exchange and gel filtration steps, the behaviour of the alpha protein was similar to 

that of protein Rib (cf. Fig. 2). The alpha protein recovered from the gel filtration step was 

present in a sharp peak. Analysis of this material with different antlsera indicated that it 

contained trace amounts of conta.nUnating beta protein, which was removed by passage of the 

preparation through a small column of IgA-Sepharose. The purified alpha protein had a 

molecular weight of about II0,000, according to SOS-PAGE analysis {cf. Fig. 4). The yield of 

alpha protein was 12 rog from 39 g of bacteria. The alpha protein used for im.munochemical 

work was further purified by elcctroelution from SDS-PAGE gels, as describe<! above for 

protein Rib. However, ~DS-PAGE analysis did not demonstr.ate any difference in purity 

between this electro-eluted material and that recovered from the gel filtration step. 

EXAMPLE 4.. PURIFICATION OF THE BETA PROTEIN 

The lgA·bi.tdiug beta protein {Russell-Jones et al, J Exp Med 1984. 160; 1467) was 

purified by a procedure similar to that used for the Rib and alpha proteins. The starting 

material was obtained by incubating washed SB35 bacteria in 50 mM .glycine-NaOH buffer, pH 

11.0 (final pH in suspension 9.7); Previ~us work in our laboratory had shown that the major 

protein species in such an extract is tbe ~ta protein. The extract (222 ml) was immediately 

dialyzed against 10 mM Tris, pH 8.0. diluted twenty-fold with distilled water and mixed with 

40 ml of DEAE Bio-Gel A (equilibrated with 10 mM Tris, pH 8.0). After gentle stirring at 

4°C for 2 h, the gel was transferred to a column and eluted with an 800 ml linear salt gradient 

{0 - 0.2 M NaCl in 10 mM Tris, pH 8.0). A dot blot procedure was used to test fractions (10 

ml) for presence of beta protein, using radiolabelled IgA or anti-beta serum and radiolabelled 

protein G for the analysis. The heta protein was eluted in the first part of the gradient. 

Appropriate fractions were pooled, concentrated, and subjectei.l to gel filttafion on a column 

(4.2 x 100 cm) of AcA34 (Pharmacia-LKB, Uppsala, Sweden) in PBSA. The beta protein was 

eluted in a well-defined peak. Appropriate fraction.'\ were pooled, concentrated and frozen. The 

yield v.-as 9 mg of pure protein from 23 g of bacteria. The major protein species in such a 

preparation had a molecular weight of about 130,000, according to SOS-PAGE, but small, 

amounts of degradation pro~ucts of lower molecular weight were also seen when the pr9tein 

was subjected to Western blot analysis. 

Ill 013 
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EXAMPLE 5. ANALYSIS OF PROTEASE SENSTTMTY 

For analysis of protease sensitivity {Fig. 5), 200 µl samples of purified alpha. beta or 

Rib protein (0.S mg/ml) were incubated for l h at 37"'C with trypsin, pepsin. or proteinase K 

(0.2 mg/ml). Trypsin digestion was performed in 0.25 M sod.iwn phosphate, pH 7.5. pepsin 

digestion in 0.25 M sodium acetate, pH 4.0, and proteinase K digestion in 0.25 M Tris, pH 

7.4. The samples were neutralized before analysis by SDS-PAGE. 

EXAMPLE 6+ ANALYSIS OF STREPTQCOCCAL STRAINS FOR CELL 

SURFACE EXPRESSION OF mE ALPHA. SETA AND Rib PROTEINS 

Five reference strains available in our laboratory were first analyzed for surface 

expre..~ion of the alpha, beta and Rib proteins. Later, a collection of 58 group B streptococcal 

strains, all isolated from cases of invasive infections. were also used to study the expression of 

these cell surface proteins (see Table 1). Typing of group B sti:eptococcal strains was 

performed in the Clinical Microbiology Laboratory of Lund University Hospital, using standard 

techniques. 

The bacteria in a 10 ml overnight culture were washed twice with PBSAT (PBSA 

:,-upplemented with 0.05% Tween :W) and a 13 suspension in PBSAT was prepared. A sample 

(180 µI) of this bacterial suspension was mixed with 20 µ.I of rabbit antiserum that had been 

diluted in PBSAT and the mixtui·e was incubated at 23°C for l h. Two ml of PBSAT were 

then added, the bacteria were :,"Pun down, washed once with 2 ml of PBSAT. and resuspended 

1n 200 p.l of PBSAT: For detection of-bound IgG, 25 µl of radiolabelled protein G (about 104 

cpm in :PBSAT) was then added and incubation w.t1:1 continued at 23ac for 1 h. Following 

addition of 2 ml of PBSAT, the bacteria were spun down and I.he pellet was then washed by 

addition ~f 2 ml of PBSA T. After a final centrifugation, the i,11p¢rnarant was discharg¢ and 

the radioactivity in the pellet wa.~ determined. When many strains were tested for expression of 

the alpha, beta and Rib proteins (Tahle 1), a single final antiserum dilution of 1: 1,000 was \lSed 

. Controls with preimmune rabbit antiserum were always included aml ~re completely 

negative in .all cases. Protein Rib was found on the cell surface Qf 3 I out of 33 type m strains. 

but not on any of the 12 strains of types la and Ib. 
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Table 1. Cell surface expression of the alpha., beta tllld Rib proteins by 58 group B 
-

streptococcal. strains isol.ated from patients with irtvaslve ilifectioru • 

Protein 

expressed 

alpha 

bet.a 

alpha and beta 

Rib 

.none 

Ia 

(n=-9) 

6 

1 

1 

0 

1 

Capsular type 

lb 

(n=3) 

0 

0 

3 

0 

0 

II 

(n=l3) 

4 

0 

5 

1 

3 

m 

(n=33) 

0 

0 

0 

31 

2 

The cell surface expression of the alpha, beta, and Rib proteins was analyzed with 

specific antisera. aad bound antibodies ·were detected with radiolabelled protein G. 

as shown in Figure 3. 

• The 58 strains studied here were all isolated from cases of invasive infections, 

but do oot represent a random collection of such strains, since most of the type II 

strains were later added to the collection origiaally studied, which included only 

two type iI strains. 
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EXAMPLE 7. PREPARATION OF ANTISERA AND MOUSE_ 

PRQTECTION TESTS . 

All antisera were produced in rabbits, which were immunized s.c. on the back. For 

prepatation of antiserum to protein Rib expressed by strain BS30, slices corresponding to 

several 95 kD bands in SDS-PAGE gels were cut out, divided into small pieces and mlx.ed with 

complete Freund' s adjuvant. Pot the initial immunization, six. slices (about 60 µ.g of protein) in 

I ml of PBS were mixed with 1 ml of adjuvant. Three bands (30 µg of protein) were used for 

booster injections. The first booster was given after 4 weeks and 3 additional boosters were 

given with intervals of 2 weeks. The rabbit was then bled 3 times with intervals of 3 weeks; 

the serum ob1ai~ from these 3 bleedings was pooled and used for the ei<perlments reported 

here. Antiserum to the alpha. protein was prepared by the same procedure. The first sample of 

anti-alpha serum, used tu analyze fractlol.'lS during the purification, was obtained from Dr Lars 

Bevanger, Trondheim. Antisenun to the purified beta protein was a\l'a.ilable in our Jabotatory. 

C3H/HeN mice. bred in our deparnnent, ~ used at an age of 10-20 weeks. The mice 

were injected i.p.with 0.3 ml of a rabbit serum diluted five-fold in PBS, and infected 4 h later 

by i.p. injection of 0.5 ml of log~phase bacteria diluted in Todd-Hewitt broth. The number of 

bacteria used, which was estimaled to be the 90% lethal dose (LD~. wos 2 :x 11)6 c.f.u. for 

stritins BMllO, BE210~ and SB35sedl, and 2 x 107 c.f.u. for BS30 and L25. Dead animals 

were counted daily for 4 days. Control animals usually died within 24 h. 

l&j V.LU 
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Table 2. Rabbit antiserum to protein Rib proreets mice against lethal ilafecrion with · 

group B streptococcal strains apressing this protein 

Strain Capsular Relevant 

type cell surface 

BS30 

BMllO 

L25 

III 

m 

TIT 

BEZIO II 

SB3Ssed 1 lb 

protein· 

Rib 

Rib 

Rib 

alpha 

Mice surviving' after pretreatment with 

anti-Rib 

serum 

29/32• 

15/241 

0115 

10/15' 

. 1115 

anti-alpha. 

serum 

1115 

0115 

2114 

0/14 

10115-

nonnal 

seIUill 

4120 

0115 

n.d.lt 

n.d. 

n.d. 

l4l 017 

C3H/HeN mice were injected i.p. with 0.1 ml of rabbit antiserum (diluted to 0.5 ml with PBS) and 

challenged 4 h later with an LD\1CI dose of log-phase bacteria, diluted into 0.5 Jl'll of Todd-Hewitt 

broth. The survival data were analysed by the chi-squar~ test. 

t No. of mice surviving for 4 days I total no. of infected mice 

t P < 0.001 when compared to the controls receivi~g anti-alpha serum or 1¥?rrnal serum 

:: n.d .... not dererminated 

1P<O.OOI when c~mpared to the controls receiving anti~alpha serum 

- P < 0.01 when cornpai-ed to the controls receiving anti-Rib serum 

···.: . 
. ··· '• 
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The data in Table 2 demonstrate. that antiserum to protein Rib protects against lethal 

infection with BS30. the type m strain from which the protein ~ been purified. This 

protection is not unspecific, as shown by ~ experiments with control sera. The anti·Rib serum 

also protected against lethal infection with another type Iii strain, BMilO~ a member of the 

high-virulence clone of group B streptococcal strains (Musser et aL, Proc. Natl. A.cad. Sci 

USA 1989. 86: 4731) In contrast, the anti-Rib serum did not protect against infection with 

US, one of the type Ill strains that do not express protein Rib (Table 1). The protectlve effect 

uf anti-Rib serum was not limited to type·ffi strains, as shown by the e:xperiments with a type 

II strain expressing protein Rib. As expected, anti-Rib serum did not protect against a type lb 

strain expressing the alpha antigen. Taken together, these data strongly suggest that protein Rib 

acts as a virulence factor in almost all type m strains and in some type II strains, i.e. in most 

group B stteptococcal strains ca.~fog invasive infections. 

EXAMPLE 8. CLONING OF THE rib-GENE AND EXPRESSION OF 

PROTEIN RIB IN ESCHERICHIA COLL 

The structural gene for protein Rib W"dS cloned from strain BMl 10, a serotype III strain 

which is a member of a high-virulence clone. Prorein Rib expressed by this strain (SEQ ID 

N0:2) and protein Rib expre.~ by strain BS30 (SEQ ID NO; 1) have similar size and ~ 

terminal sequence. A libr.uy of strain BMl 10 DNA in bacteriophage lambda was constructed. 

The bacteria in a 500 ml log-phase Todd-Hewitt culture of the strain BMl 10 were spun down. 

The pellet was frozen and thawed 3 times. suspended in 20 ml TE buffer (IO mM Tris, lmM 

EDTA pH 8.0), centrifugated, washed and resuspended in 4 ml of the same buffer. 

Mutanolysin (Sigma Chemical Co. St Louis, MO, USA) dissolved tO 5000 units/ml in 10 mM 

potassium phosphate, pH 6.2, was added to the bacteria.I suspension tO give a final 

concentration of 500 units/ml. Lysozyme (Sigma) was added to a final concentration of 8 

mg/ml, and the digestion was allowed to proceed for 3 hat 37 cc. The bacterial cells were 

lysed by addition of 200 µI of 10 % SDS and 500 µI 'f'ween lysing mix (2 9b Tween-20, 50 

mM Tris pH 8.0 and 60 mM EDTA), followed by another 200 µI of 10 % SOS. The lysate 

was treated with proteinase ~(Sigma, 100 µg/ml) for 19 hat SO oC, followed by repeated 

phenol and chloroform extractions. The DNA was precipitated. with ethanol, dried in a 
. . 

SpeedVac concentrator (SAVAC) and dissolved in 4.5 ml TE buffer. The DNA wa.<i further 

.i •••• • 
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purified by CsCl density gradient uUracentrlfugation and dialysed against TE buffer. The DNA 

concentration was then approximately 2.5 µglµI. This DNA was partially digested with Sau 

3AI (Promega)t and ligated to Bam HI-cleaved arms of AEMBL 3 (Statagene). The 

-------reJ'V":J.;-V --

recombinant phage DNA was packaged in vitro using Gigapack II Gold Packaging Extract 

(Stratagene). The library was plated on the E. coli strain LE392 and screened for production of . 

protein Rib with an immuno-blotting technique: plates with about 1000 plaques were covered 

with a nitrocellulosa membrane and left at 4 oC for 1 h. The membranes were retnoVed, 

blocked, and incubated in buffer containing rabbit anti~Rlb serum, diluted 50-told. Positive 

plaques, i.e. those binding rabbit IgG, were detected by attdidon af pero~idase-labeled protein 

A {Sigma) (20 µg/mt) and the presence of peroxidase was visualized, using standard 

techniques. Seven independent Rib expressing lambda clones were isolated. Three of these 

clones. i.e. lambda Ribl-31 lambda Ribl-S and lambda Ribl-7. were deposited at Deutscne 

Sarnmlung van Microorganismen with deposit numbers DSM .... respectively. A preparatlon of 

DNA from the lambda Ribl-3 clone having a DNA concentration of about O.S µ.glp,l was also 

made. Lysates of these :seven clones were subjected to Western immunoblot analysis, using 

anti-Rib serum (see figure 6). Several of the clones express protein Rib of the same size as 

protein Rib isolated directly from slnlin BMllO. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: 
(A) NAME: Gunnar Lindahl 
(B) STREET: Magnus Stenbocksgatan 5 
(C) CITY: Lund 
(E) COUNTRY: Sweden · 

· (F) POSTAL CODE (ZIP): 222·24· 

Qi) TITLE OF INVENTION: Protein Rib, a cell surface protein that 
confers immunity to many strains of the group B . 
streptococcus: process for purification of the protein, 
reagent kit and pharmaceutical composition. 

(iii) NUMBER OF SEQUENCES: 2 

(iv) COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: Floppy disk 
(B) COMPUTER: IBM PC compatible 
{C} OPERATING SYSTEM: PC-DOS/MS.DOS 
(0) SOFTWARE: Patentln Release #1.0, Version #1.25 (EPO) 

(v) CURRENT APPLICATION DATA: 
APPLICATION NUMBER: 

(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 12 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(iii) HYPOTHE:TICAL: NO 

(iv) ANTI-SENSE: NO 

(v) FRAGMENT TYPE: N-~erminal 

(vi) ORIGINAL SOURCE:: 
(A) ORGANISM; Streptococcus group B 
(B) STRAIN: BS30 

(xi) SE:QUENCE DESCRIPTION: SEQ ID N0:1: 

Ala Glu Val lie Ser Gly Asp Ala Val Thr Leu Asn 
1 5 10 

(2) INFORMATION F'OR SEQ ID N0:2: 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH~ 12 amino acids 
(B) TYPE: amino acid . 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

···-·-··- ---··--·-----··---· l4.J(J20 

... 



"96 02116 10:48 '6'46 8 101923 

(iii) HYPOTHE:TICAL: NO 

(v) FRAGMENT TYPc: N-terrninal 

(Vi) ORIGINAL SOURCE: 

20 

(A) ORGANISM: Streptococcus group B 
(B) STRAIN: BM110 

(xi) SEQUENCE DESCRIPTION: ~EQ ID N0:2: 

Ala Glu Val lie Ser Gly Ser Ala Val Ttlr Leu Asn 
1 s 10 

141021 

... 
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CLAIMS 

THIS SHEET HAS BllflN 
. REPLACED 

I. A purified protein designated Rib, characterized in that: 

a) it is oblainable from group B streptococcal stl'ains, especially those of serotype ID; 

b) it is relatively resistant to degradation by trypsin and pepsin; 

c) it has the N-terminal amino acid sequence according to SEQ ID NO: I or a sequence 

at least 90 % homologous thereto; and 

d) it confers protective immunity ag.i.inst grou.p B streptococcal strains expressing the 

protein; 

and naturally occurring or artificially modified variants. subfragments and multiples 

thereof also having ability to confer protective immunity. 

2. A protein according to clairn I wherein the said strain is strain BS30 or BMl 10 and the 

protein has an apparent molecular weight of ahout 95 kD, as determined by SDS­

PAGE. 

3. A process for isolating protein Rib, characterized in that a Streptococcus Group B 

strain eJ(pressing the protein is cultivated, the me.diam .and/or !:he microorganism are 

isolated, the bacteria are digested with an enzyme, ~referably mutanolysin, a protease 

inmbitor is optionally added, the digested bacteria ·are separated from the supernatant 

and protein Rjb is extracted from the supernatlnt. 

Ill 022 
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------- ·· ···· ···--· -· -··~·-···· --··-···-l4l··r.r2-a 

THIS SHEET HAS BEEN J 
REPLACED 

4. A process according tQ claim 3 in which the protein is extracted from the supernatant 

by dialysis, fractionation by ion-exchange chromatography aod gel filtrarlon. · 

5- Antibodies highly specific for protein R.Jb and variants, subfragments and multiples 

thereof as defined in claim 1. 

6. A reagent kit for detection of antibodies to protein Rib, characterized in that it 

comprises protein Rib or variants, subfragme11ts and multiples thereof as defined in 

claim I. 

7. A reagent kit for detection of protein Rib, characterized in that it comprises antibodies 

specific to the protein as defined in claim I, and optionally protein Rib and variants. 

&"Ubfragments and/or multiples thereof as a standard. 

8. A veclOr containing a DNA sequence encoding protein Rib or a variant, 

subfragment or multiple thereof as defined in claim 1. 

-9. A vector according to claim 8, characterized in that the vector's DNA sequence 

encoding protein Rib is essentially the same as any of the corresponding DNA 

sequences of phage lambda Ribl-3, having deposit number DSM ... 

10. A vector according to claim 8, characterized in that the vector's DNA sequence 

encoding protein Rib is essentially the same as any of the corresponding DNA 

sequences of phage lambda Rlbl-5, having deposit number DSM ... 

IL A vector according to claim 8, characterized in chat the vectol"'s DNA sequence 

encoding protein Rib is essentially the same as any of the corresponding DNA 

sequences of phage lambda Ribl-7, having deposit number DSM ... 

J2. Phage lambda Ribl-3, having deposit number DSM .•. 

13. ·Phage lambda Ritil-5. having deposit number DSM .. ._ 

14. Phage lambda Ribl~7, having dept1sit number DSM ..• 
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15. A DNA sequence encoding protein Rib or a variant, suhfragment or multiple thereof, 

obtainable from a vector as defined in claim 8. 

16. A pharmaceutical composidon comprising protein Rib or a variantl subfi:agment or 

multiple thereof as defined in claim 1, said composition ti.Ktber comprising a 

pharmaceu1ically acceptable adjuvaat or excipient. 

17 A vaccine comprising protein Rib or variant, subfragment or multiple thereof as 

defined in claim 1, said vaccine further comprising a pharmac.euticaUy acceptable 

adjuvant or excipient. 

141024 


