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Cloning, sequencing and functional overexpression

of the Streptococcus equisimilis H46A gapC gene
encoding a glyceraldehyde-3-phosphate dehydrogenase
that also functions as a plasmin(ogen)-binding protein
Purification and biochemical characterization of the protein

Kians GASE, Arianc GASE, Hoike SCHIRMER, Horm MALKE
Instituta for Molecular Biology Jens Universily Germumy

(Recelved 22 February 1996) — EIB 96 025112

We previously ulentified DNA swquences mnvolved 1n the funcuon of the complex promater of the

strepmkmase gene from Stepiococcus equesimidis H46A 1 human serogroup C strain known (0 express
this geae at a high leve]l As a prerequisite to undersunding possible mechanisms that control the balance
between the. plasminopen acuvating and plusmin({ogen) binding capacitles of H45A we describe hers it
gapC gene encoding glycenldehydy-3-phosphate duhydrogenase (GruP DII FC 1.2 1 12) a glyeolynue
enzyme apparenily transporied 10 the cefl surface where it funcnons as o plasmin{ogun) mnding protein
The gapC gene was cloned and sequenced ond found to cixde for a 336-amino-acid polypephds
(=35 9 kDa) exiubiting 94 9% sequcnce dentity to the Pir protetn from Strepwococcus pvogenes shown
by others to be capable of plasmin binding [Lotenberg, R Brider C C, Boyl. M D, Kuin, § J
Schroedcy B L. & Curtiss, R [Tl (1992) 7 Bacreriol 174, 5204—-511()] To stody the propentes of the
GapC protein its gune was inducibly overexprossed w Erchenchia coli from QlAexpress expresmon
plasraidu w yield the amhentic GapC or (His);GapC camrying o haxahlstidyl N-tevmious th permt affinity
punfication Both pruteing were funcuenally active, exlubiting speetfic GeaP DH activities of ahout 80
kat/mol (=130 U/mg) after punficauon [heiwr binchng pamameters [association (k,) anl dissociation (k)
ratc constunts, and equilibnum dissociation constants (K, = k/k)| for the mterncuon with human Glu-
plusminngen and plasmin were deternuned by real time bioapecific micraction analysis usimg the Phar-
maci BlAcon instrument For comparative purposcs, the commerial Gral* DH from Bacillus stearother-
mophilus (B5tGraP DH), » nonpathogeni. wrgamism, wus mciuded m these cxpenments The X, valuen
for binding of plasmmaogen to GapC, (H1s),GapC and 85/GraP DH were 220 aM, 260 nM and 520 nM,
respectively us compared o 25 nM 17 nM and Y8 nM, respectively, for the binding to plasmin These
daw show that hath the zymogen and active enzyme possess low-aflinity binding sites for the gupC gene
product and thut the hexohisndyl termunus does not affect iis function Prior linuted treatment with plas-
mun enhanced the subsequent plasnunogen binding capacity of all three GraP DHs, presumubly by the
expowure of new C-teromnal lysine resxdues for binding o the zymogen

Keywonls Smeptococous equisumilis, glycemldehyde-3-phosphate dehydrogenase gapC gene, plasmin
(ogen)-binding protem.

As 3 major surprse of recewt mvestigations into the nature
of cell surface protesns of the pathogense streptococer, a wall-
assocuated plosmin binding proten has been discovered that
structurally and functionally belongs to the glyceraldchyde 3-

Carvexpondence m H Mulle, Instiute for Molecular Blokgy Jena
University Witresrlaer Strasse 10, D-07743 Jena, Germaoy

Faxr +49 Ml 657520

Abbrewiciions. RH! brain hoart infusion GraP-DH  genaric obbee
vianon = glyceraldehyrle-3-phaspham dehydmpensses, ReGmP DH
GenP DH from Bucifius sterothermophifus I'TG isopropyl f-o-inio-
galuctopymnonch  LDS Jysine nding site  Nr NTA, Ni*~ nltnlom
welic acid D Vid-Leu-1ys-CH.CL p-valyldeneyl lysyl-chkmomethanc

Rnzyines. Glyceruklehyde-3-phosphare dehydrogensse (NC 121 12)
plasmin (BC 3421 7)

Norr 1he nowol nucleotlds requence daia puhliched hers has becn
depmited with the CMBL/GenBank/DNAJ sequence data banks and
sv.ilable under ecoessyn number X97788

phosphute dehydmogensse (GraP-DH) famuly of enzymes

Brader et al (1991) were the finit to punfy from the surface of
o group A stireptococeal strain a ==4|-kDa high-affinity plasmn
binthng protein with no affimity for Glu-plasmmngen The gene,
designatcd pfr for thus plasmin receptor wuk subsequently
cloned expressed n Eschenchia coll und shown 0 encode &
336-amino-ucd polypeptide with W—54% remdur wdenuly to
known GraP-DHs (Loltenberg et al , 1992a) A smilar Strepto

coccns pyogenes surface protzsn with significant N-terminsl se-
quence wentity to pro- and cukaryotic GraP-DHs was identified
by Panchah and Fisthettr (1992) and shown to exhibit both
GraP-DH enzymauc activily and muliipie binding specificnty for
vanous mammaolin protemns, including wesk plasmim bmdng
scuvity Subscquentdy the same investigators reported that thin
GraP-DH, like several eukaryolic GraP-DHs (Kots et al 1992

Zhnng and Snyder 1992), has also ADP-nbosylating activity
(Panchol: and Fixchetu 1993)
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It 15 intmgung thel these streplococeca] et surfoce GruP
DHs are distinct from other wall associated proteins of pram-
posiive coccl (Fischetts ct al, 1991) m that they lack Jn N-
terminal sgnal pepude, tndemly repeated regions, and known
wall-msociaung signals Thus, the mechanisma underlying their
secretion and anchoring to the cell surface are presently not
understood Neither 18 ther funchonal mgnificance. Pomanly,
QGraf-DHs are intracellularly located glycolyte enzymes. How-
sver, several prokaryotie and cukaryotic organisms are known
o harbor not only multiple GraP-DH gencs but also isocnrymes
with alternative Incatlons and functlons [see Lottenberg et &l
(1992n) and Punchoh und Fischeth (1992) for a liceramre sor
vey] Thua the GraP-DH enzyme family appears io be wavolved
m a vanety of functional activities and as surface prot2ms of
the pathogenic streptoecci, may contnibute to virulence by virtue
of their tanding activities (o vanous hast peoteins, Among these,
the plismin{ogen) binding capacity appears 10 be of special in
lcrest in view of the fact that csscatlly all group A € and G
hemolytic streptocnce: produce the potent plasmimogen activator
sl se (Huang et al 1989}, theveby gencraing the ligand
o he red by appropnate plasmin receptars on the cell sor-
fuce, In [act ¢videnwe hus been provided tn show that when
growing or hoat-killed § pyogeies cellt are incubated o humun
plasma, their ability to acquire cell-assnciated plasann actvily
depends on the smultancous presence of active streptokinase
(Lottenberg et al, 1992b) In addinon, using tw wild-lype 3
equistnatlls sirmn H46A and an 1sogenic mutant Carrying an inac-
tivated streptohunase gone, we have shown that H46A binds both
the zymogen and octive enzyme, generstes surface-associated
plasmim activity wheo produving sirepiolonase, and cxpresses its
plasmun(ogen) recepior(s) Independently of a funcuonal strepto-
kinase gene (Malke et al , 1994)

Sinon H46A of § equusimilis 15 known to be a particularly
potent straptokinase producer (Chnistensen, 1945) und recent
sudics of the expression contral of irx sireptokinase gene, ske,
have revealed a complex promoicr structure conmstmg of two
tandemly anented core promorters with different activities and
an upstream region which strongly contnbutes to fufl ske expres

510N iGlle etal 1995 Grife et ol 1996) As a further siep

t ucidating regulatory relationships between elabomation
ol vkinase and acquisition of cell-assoeiated pissmin activ-
Ity we have now cloned, sequenced and overuxpressed the
GruP DH gene (2apC) of strain H46A and report kinetic param-
eters of the punfied GapC proan that relate t its GraP DH
enzymanc and plasmun(ogen) binding activities

MATERIALS AND METHODS

Materlale. Biochemicals were from Bachem Bochnnyer
Munnheim Pharmacis or Sigma Restriction eazymes, 4 DNA
higase aml Vent DNA polymerase were obiained from New Eng-
land Biolabs. The DNA sequencing kat and ["SJJATP{uS]
{37 TBg/mmn!) were purchased from United States Biochemlcal
Co, and Amersham, respectively

Ni' -nutnlotnacenc acld (Ni-NTA) linked (o agarose was
purchased as part of the QlAexpress system from Dhagen
(Dilsseldorf) Polyvinylilenefluonde membranes were from
Miullipore BsrGraP-DH (50—150 U/mg protein  corresponding
w s moler acuvity of 30—90 kat/mol) plasmuin and Iysozyme
wen from Sigma Humun plustmpogen was punlied sccording
to the method of Deutsch and Mertz (1970)

Bacterisl viruing and coltore condltions. Strun . sqiisi-
mules 1146A, a human group C isolare (Chrisrensen 1945) wus
the source of chromosowmal DNA for the polymerase chan reac-
non (PCR) and alun the target stmun for genomic plassmd integ-

rution H4BA was without aganon at 37°C 1n bran-
heart wfusion (BH1) medium (Difeo) IT appropriute, BHT wus
supplemented with erythromyein (2.5 ug/ml) to selewd for plas-
muds or giyane (20mM) to facilinmie clcctrotransformanon
Man plasmid conmructions end overexpression of the pupC
gene were done 1n E coll TGt {supE A{hadM-meriB)S thi A(lor
proABW (1rad 36 proA* 8™ luc P ZA M15]} (Carter et al , 1985).
The gene for (His),GapC, demgnated gapCiy, Wos constructed
and overexpressed in E coll M15 (Su* lacZ™) (Zamenbof and
Villarejo, 1972) E. colt strana were grown 1n 2XY [ medum
{Sembrock ol 51 1989) supplcmenicd with ampicillin (100 pg/
mi), kanamyein {40 pg/ml) or erythromyein (200 pg/ml) to se-
lect for plasmuds

Recombinant DNA techniques. Recombinant DNA pro-
cedures were performed as recommended hy the manufactorers
ol the enzymes or according to stundard protocols (Sambrook et
al, 1989). Sovthem hybndization of restricied H46A chromo-
soms] DNA wus performed ss descnibed previously (Frank et
al 1995). The PCR was performed with 1 ug templaic DNA,
I pM of each pomer, 400 uM of each dNTF, 4 mM Mg**, and
2U Veni polymerase over 30 cycles (1 min cach ot 94° 45°
and 74°C) n a wtal volume of 50 Wl DNA was sequeaced on
both sirands by the didenxynucicoude cham termination meth
od with double-strunded DNA serving as template. DNA pnm
ers were synthesized on an Applied Binsystems 3194A DNA syn-
theskzer or purchased from Pharmacia Biotech The following
obgonucieolides, lisied in S -3 direction, scrved ax PCR prim-
o N1, geegecugntetragpagettict ATAGTAGTTAAAGTTGO-
TAITAACG N2, TTTAGCRATTT-
10Cg N3 ¢ TAGTTAAAOTTGGTATTAAC
Capltal letiers indicac sdentity to the gapC sequence ax shown
in (his puper The trunslston imhabon codon and complement
of the termunation codon are underimed, and restriction siles ere
mn bold face N1 and N2 correspond o the 5° and 1 coding
reglons respectively, of the plastmin receptor gem. (plr) from
group A strepiococes) strun 64714 (Lotenberg et al, 1992a)
The N1 nucleotdes indicated in itabex cocrespond (o the 5 end
of the § equishniiis streptokinase gene (Malke et ol 1985) and
served to provide a ribosome hinding mite (aggogg) known n
function well 1n E. coli (Guwe et al , 1995) To facilitate clomng,
a Bglll site wos introduced at the 3’ end of N1 and EcoRl and
Sall sues were ncorporated at the 5° end of N2 N3 comrespands
to the 5* coding region of gupC, with (he (runslaion imuation
cadon being repiaced by a triplet that s part of an ntroduced
BamHI sue (sec Fig 1).

Isclation of chromosomal DNA from &, equivimilis IM6A
Cells were iyned ax descnbed elsewhere (Gase et al |, 159%), wath
the following modifications BHI culiures (25 mi) growa w an
A, oF 1 0 were pelleted und resuspended in 15 ml ice-cold lysis
buffer 1 (10% sucroxe (.1 M NaCl, 0.1 M EDTA, pH80 con-
tmmng 4 mg/nl lysozyme) and incubaled for 30 tun ot 0°C
After centrifugation, the pellets were resugpended in 400 yl lyms
buffer I (10 MM Trw/HCI, pH 74, 1 mM EDTA 100 mM so-
dhnn scetate), nuxed with 50 pl 10% SDS, and mcubaicd for
IS min at 70°C. Afer addition of 200 gl disulled water the cell
lysate wis incobated for 30 min at 37°C with 125 pg/ml RNase
A and then for 30 mum st 37°C wath 250 pg/ml proteinass K.
After phenol/chloroform extruction, the chramnsomal DNA was
precymtated washed und resuspended in 500 pl dusiilled] water

Plasmid constructions. Taking advantage of the strong fim-
ilanty of the 5’ und 3’ rogions of gapC with thosc ol pir Irom
S pyogenes (Malke et al. 1994), gupC was amplified from the
chromosomul H46A DNA by PCR prrmed with NI and N2. The
| 100-bp PCR product was inserted as Sy/il—EroRl (ragment
o plasmid pSLG2 (Gasc ct al, 199%) to form pPRGLO
(4 2kb} In pPROI0 gupC was preceded by u umque Sg/ll mte
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Fig. 1 Plaguids used for overexpresdon of gepC and papC,,.. pPRG100 coatainy gapC., encoding six N-termmal hisiidme rasldnes gapC., Wi
overexpressed under control of the [MTG-inducible promoterfoperstor elenwnt (PAO) of pQES (Henco, 1991) to wicld (THis)yClapC conslsnng uf 347
amino scid residucs  Authentie GapC (336 nminn acid residucs) was expressed from pPRG102 under the same control elament, Detnlicd seyuence
information for the 5 und 'V reglons of the gapC mwevis m the two plasmuds mefuding reicvant restricton sltes snd the nhosome binding slte (SD)
i given below the plasmid maps Pow further defwils see Materials and Methods

and the nhosome binding itz of skc, both encodad by NI A
umgue Kprsl wie ongpnanng from pSLO2 wan located 245 bp
dowmstream af the gupC stop codon Further bounded hy the
ahove restnction sites, pPRG10 contamned the p15A ongin of
replanon and the ermAM erythromycin resistance gene se-
lectmble m both E colf and §. eguisimilis Using electrotransfor-
mation (Gase et al., 1995) followed by selecuon of crythromy-
ci-resistant colones, pPRO10 was mtegraicd via gapC into the
S equirimiils chromosome, thus dopliating and _'genenuny lng-
ging the resudent gapC To clone papC withiis suthepne 3’
m‘ﬁ rogon, HA6A papC pPRG1N chromosomal DNA was

fi with Kpnl The fragments were circulanzed by higa-
ton and transformed mto E coli TG1 resnlting n plasrmd
pPR(123 (6 8 Lb) Simularly using the Bgill sue for DNA exc

sion, gapC with 1ts authentic 5’ Nunkng region was cloned on
plasmud pPRG273 (6 0 kb)

To ailcmpt insertional inachivaiyon of the chromosoma) gapC
gune four plasmuds incapable of replication in H46A were con-
siracted, each contalning a apecific gapC fragment The 717 bp
RsY] [rugment of gapC was cloned i either oncatation nto
the BumHI aitc of pVABI12 (Stener and Malke, 1995) to form
pPRGIS and pPRG16. The 658-bp BarY1—Hincll fragment and
the 204-bp BsiYi—Alul fragment of gapC were also nserted
o pVA8912 to yield pVAG2 and pVAG205 respectively The
recombinunt plasnuds were used for electrotransformshion of
H46A wnlh selection for erythromycin-resistand iransformants.

Por overexpression of gapC mn E col, the QIAuxpress
pared pREP4-pQIE9 plasmid xysicm was used (Heneo 1991)
2apC was cloned 1oto pQE9 ax BumlIll  S4/l PCR fragment pen-
traied with ths N2 and N3 pnmers, and pPRG10 as template
yielding pPRO100 (4 4 kh, Fig 1) Afier induction with 150-
propyl S-D-thiogalactopyranosule (IPT(r see below), E colt
MI5(pRFP4, pPRG100Y overproduced GapC a3 N-terminal
hexahandyl derivanve [(His)GoapC] remdenng pommible 1ty
1solation by Ni-NTA affinery chromatography (Henco, 1991) To
pruduce authentic GupC, the kcoRI-FeoRV fragment from
pPRG100 contmning the ribosome buxhing sita and §” regpon
of gapC,, was exchanged for the corresponding EcoRI—EcoRV

fragment from pPRG10 w ywld pPRG102 (4.4 kb, Fig 1)
From tus plamnid, gapC wus imducihly expresscd m E enl
TG1(pROP4. pRG:102)

The sequence of gapC was determined m pPRQ23,
pPRG273 and, additionally, i pPRG101, 2 plasmud oblamed by
clonmg the gupC-contaming BumHl—-HindIll fragment from
pPRG100 (17g. 1) in pUC1Y Two independent 1solates of each
pPRG23, pPRG273 and pPRG101 served for gapC sequencing
and yielded 1dentical results with sequencing primers meluding
the siandard pUC pnmers, N1, and, addibonally walking pnm-
crx bused on newly geacrated sequences.

Isolation of Gap(" and (Hls),GapC. At A = 1, 100-ml £
roli M15(pREP4 pPRG1I00) or TGU(pREP4, pPRG102) cul-
tures were supplted with 1 mM IPTG and continued 10 be incu-
hated at 379C 10 A,.., = 4 Cells were pelieted and resuspenced
m Sml 50 mM sodium phosphere pH 8.0 conmining 0. M
NaCl and for (His),GapC Isolauon, sdditionatly € 1% Tween
20. The cells were disrupted by soniculion, the sonicates cunin-
fuged for 30 min ot 15000 g, and the pellels resuspended 1o 5 m)
of the nbave buffcrs The proportions of soluble and mavluble
Gral* DH achvity were estimated by SDS/PAGE of aliquots
taken from the supernatam and peliet frucuons (His)GapC
was [solated (rom the supematant fracton of M1S(pREP4,
pPRG100)) by N1-NTA affimity chromatography us described n
the QfAexprcss manual (Heneo, 1991) Ponled (His),GapC con-
taimog fractions and the supomatant fluid contaming GapC were
subjected to gel filiranon on a calibrated HiLuad 16/60 Superdex
200 columin i un FPLL system (Pharmacin) using procedures
recommended by the manufacturer Protemn concentrulioms in
pooled (Hu),GapC and GupC fractions anatyzed by SDS/PAGL
were esnmated spectmpholometnically at 280 nm (AT Ly = 0.548
and 0.573, respectively) Allernutively, proren concentranons
were also detcrrmned by the lmemchoninic acid method accond-
mg to the instructions of the manufacturer (Pierce Chemicals)
and fonnd to aprec with those measured spectrophatomerncally
within errors of «20% GnpC (210 ug/ml) and (His),GapC
(320 pwml) wer: siored Jn gel filiration buller (20 mM sodium
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phosphate pH 7.5 containing 150 mM NaCl) at 4°C or after ad
dhoon of 1 vol glycerol, at —20*C

SDS/PAGR and N-terminal protein sequencing, SDS/
PAGE was performed using 12% polyacrylamide gels according
10 Lasmmbh (1970) QGels were stalned with Coomaswme blus
R250. For protesn sequencing, purified (His),GapC was blotied
after SDS/PAGE to a polyvinylidencfluonde membrane and
then subjected W N terminal marosequencing by antomated
Ldman dJdugradaton on an Applied Biosystems model 473A
sequencer

Determination of GraP-DH activity GmP DH was
assayed us ongnoully described by Ferdinaod (1964) with nunor
modificatons 500 pl assay buffer (40 mM triethanolunure,
50 mM Na,HPO,, 02 mM BDTA, 20 mM 2 mercapioethanol
and 0 1% Tween 20), 50 pl 10 mM glyceraldehyde 3-phosphate,
50 pl 10mM NAD* and 50 pl enzyme solution or cell fypate
(about 0 2 nkat/ml assay buffer) were mixed In a micro-spectio-
photometer cuvetts (10 mm path length, 2 mm wmdow) 4A at
MOnm wos detcrnined L 25°C wwng a Shimadzv UV 160A
5 meler Actlvity caleulatons were based on & molur

coefTicient of 6 22X 10’ mal ' em ' far NADH af

3M0nm For determination of the GruP-DH scoivity of cell Jy-
sates, A, cnlt cultures were grown, IPTG-induced and pelieted
as described sbove Cells were resuspended ny arsay buffer to
give mn A, of 10. Afier someation and centnfugetion for 15 min
at 15000 g, the supematant flmds were uscd for the assay

Determination of rute constanis and affinity constants.
Arancualion ruli coastants (k) and dissoclotion mie constants
(&,) for the Interactions botween GraP DHu end plusrmn(ogen)
ware determuned by resl-ime hiowpecific inuruchion analysu
(BIA) using the BlAcore 2000 mstrument (Pharmacia Biosensor
AB) This mstrument functions on the basis of surface plasmon
resnnance allowing, after immobalization of one reaction compo-
nent on the muface of a sensor chip the direel messuremant of
Iigand-analyte interactions 1n reul tme. without the use of labels
(J8nsson and Mulmqwist, 1992) The hgand protewns [GapC,
(H18),CGupC or 8stGruP-DH] were immobilized each on me nf
the four surfuces of 8 CMS sensor chip using the amine coupling
kn nacia Brosensor AB) according to the mxmue.bons of
the ufucturer The underiying chemistry involves the linkage
of pnmury amino groups of the protens to the carboxymethyl
ated dextran surface of the sensor chip (Johnsson et al, 1991)
limmobilizanon was performed with GruP-DH solubons at
50 pg/ml 1n 10 mM sndium acetmte pH 4.5 ut a flow of 5 pli/mn
dunng 6 sun, resnltmg in covalent atiachment of 4200 resonance
uvnits (RU) of GapC, 6500 RU of (His),GapL and 12850 RU of
Bs/GraP DH This comesponds (o thy, unmobihzation of approx-
moarely 01 0.2 and 04 pmol/mm’® GopC (He),GapC and
B2GmP DH respectively (BlAcore 2000 system manual) The
remaining free sensor chap surface was used for the detection of
unspectfic interactions with the analytes. To determune £, and &,
valuex the unalytes were dissolved m Hepes/EDTA/NaCl
(10 mM Hepes, 34 mM EDTA (.15 M NaCl, 0005% surfac-
tant P20, pH 7 2) contmining 4.0 mM sodjum phosphate, and the
solutons (plasininogen nt 0, 1 2, 3, 4 and $ pM, plasmun a2t 0
125, 25, 50, 100 and 200 nM) were mjected over the sensor
surfsce at 25°C with a continuous flow rate of 5 pl/mn through
6 mun This step resulted in the assaciation phuse of the recarded
response curves which reflects continuous complex fermaton
until equilibrium s reached. (n the subsequent dissociation
phase, samples were replaced by Hepes/IDTA/NaCI at the same
flow mate of 5 yl/mmn dunng 6 min Rate constants (k, ond k)
were denved from the scnsorgrams using the system software a3
descnbed wn detm] by Kurlsson et al (1991) The affimty con
stanis K, were calculated as nano of &, [0 &,
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Fig. 2. Nucleotids sequence of papC und the deduced amino achd we-
quenee Pusaive promoter bexanockeondes (— 10 aml — 35) and the ribo-
snme hinding mie (SD) ore overlined The mransluton lerminstion codon
1 marked by an aernsk The annealing sites of the PCR primers msed
and thelr onentations s w il ns relevant resteiction siten ued for clonlng
are also Indlesied The overlined T and € cesiducy ut 1188 and 1197
indicare N2 primer musmuichus (G and A, respectively, sze Mntenals
and Methods) wherc the nucievtide sequences of plr (l.ottienherg &f &l
(9924) and gapl differ Bold arrows al the % end mark the pntennal
2apC iranseription termanator
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Fig. 3. Aignment of the smine weid sequences of the GraA-DHs from A aguisimiis ((apC), 5. progenes (Pir, Loltenberg et 31, 1992a) and
B. sicaroihermophilng (BtGraP-DII, Dlegecker of al, 1977). [dentical and almilar wnmo s are merked by asterisks and dots respectively
The active-tlte cynene rexuluey s C-terminal lysine residues are boxed The longest GupC amd Pl segroents that arc most divergent are shaded
The five »3-ronldue segments that arc complctely conserved when 11 addinonal prokaryntic GraP-DHs are meluded ¢sce Cancilla ot af  1995) are

overlined

To easure comparable condiioms, the same sensor chips
were expowcd to different analytes In a fixed order, and the sur-
faces were afier cuch change of annlyte by injection
of 15 ul 5 mM HC! at a Now rate of 5 put/min To begin with
the vuyn ligands were expased to plesmunogen The neat nne-
lyte was plasmun previously treated at 10 pM for 10 nun a1 37°C
with a 200-fold moler excess of (he plasmmn nhibitor D-valyl-
laxyl-lysyl-chloromethane (D-Val-L.au-lys-Cl-l,C_!); This trual
ment 18 known to reimn some rusidusl proeoiync sctivity as
inch by sn effinency index of p-Val-Leu-Lys-CHCl (ky/
4 '&M" $~' where X, i the dissaciaion constant of the
plasmin-mhibitar complex and &3 13 the alkylation rate conatant)
which Is up to 20-fold lower than that of other chloromethnne
mhibitors (Collen et ul 1980, Lynen et al 1992) In the thind
cytlc, the ligands previously treated with plusmun were again
expased to plasmnopen W study posxible alterationg of te, k-
neuca of rymogen hindlng following uxposure to plasmin pre-
viusly treatd with b-Val-Len Tys-CILCI To examne the n-
fluence of G-aminohexanox acid on analyre binding, sen-
sorgrams were recorded wang plasmin and plasminogen at
200 nM and 5 M, respechively in the following onder of the
unalytes plasmin plasnun in the presence of (0 1 M f-arminchex-
anmc acid, plosmin plasownogen, plasminogen with 01 M 6
uminohexuncic acul, plasmmogen Previous exposure to plasmn
plus 6-anunohexanoic nexd did not alier the subscquent amount
of plasmin binding 1n the absence of 6~aminohexanun. acid
Sumlarly, previous treatment with plasmmaogen plus 6-amuno-
hexanoic acid did not alter (he subseguent umount of plasmino-
gen binding

RESULTS

Nucleotide scquence of gapC and deduced prodein sequonce
An mternal segment of gapC was cloned via PCR employing
pnmers (N1 and N2) based on sequence data from the pir gene
of S pyogenes (Lottenberg etal 1992a) Ihe resultant erythro-

mycur-resustance plasmud pPRG10 wax then inserted into the
chromosome of H4GA 1o tag the remdent gapC aml denve a set
of recombmam plasmids contmning authentic gapC segments
for nucleotide sequencing and the construction of expression
plagruds. The codng sequence of gapC (Kig 2) comprises
1008 bp with a G+C coment of 41 4%, which is shghtly above
the average of the § eqummilis genore. (37 340 0%, Femretn
and Curtima TTT 1987). Among the closest strepiococeal homo-
lngs of gapC are the pir gene from S pyogenas (Lottenberg &
al 1992a) and the gap genc from Lartornecus loctls (Cancilla
et al, 1995) with whuch 1t shares 96.49% and 74 2% identity
respectively Immedately upstream of gopC, a well prescrved
nbosome-binding sne was detected that showed a 9 bp spacing
from the ATG start codon (Fig. 2) Purther upstream, two puta-
tive —10 and —15 promoter regions were dentsfied, with van-
able matches (36 10 /6 to the £ coli 6™ consensus promoter
scyucnce The available sequence upstreain of the ATO start co-
don ol pir (114 nucleoudes, Lottenberg et al  1992n) also shows
n hugh degree of 1dentily (95 6%) to the comespoanding upstream
requence of gupC bul ends within ik —10 region of the poten
tial upstream promoter sdentlfied for gepC Downstream of the
translational termination codon, TAA of gapC, there exists an
mverted repent (calculated 4G of the potental stem-loop struc-
ture —38 5 kl/mol) followed by an olige(T) tract, features
srongly suggestive of & factor-independent transcription tsrmy
natar The existence of potential promoler seguences and of &
trunseription teraunabon signal 1 cunsisient with the detection
by Northern hybnidization of an =={100-nuclectide gapC
mRNA, indicating that the gene 13 monocistromcally irnsenbed
{Swiner K, Bruckmann A, and Malke 11 unpublished results)
The available sequence 3’ to the stop codon of plr (31 mklco-
udes oxiubinng 61 3% identity to the comesponding gupC we-
quence) docs not aliow the dennfication of ¢ poteatial Iranscrip-
ton termunator

The upen reading frame of gapC encodex a 13f-annno acid
resudue protesn (calculated M, = 35870) which shares 94 9%,



72 9% and 50 8% wdentily with s homologs from S. pyogenes
{Loticnberg ot al,, 1992n) L la: rls (Cancalla et ol  1995) and
Bacidlus steurothermophilus (Bresecker w1 al, 1977), respec-
uvely (Fig, 3).

Fallure to Insctivate gapC by plasmid Insertlon Four plas-
mids (PVAG205. pVAG2, pPRG1S and pPRGI1G) carmying, re-
spectively, 204-bp, 658 bp ond 717-bp internal fragments of
papC (see Metarials and Methods) were employed 1n trans
formation cxperimunis of H46A amed at insertionally inact
vating the gens. Using procedures that proviowsly led to the
insitivanon of nther HAGA genes (Mechold et al 1993, 1996
Malke ct al, 1994) or 10 plasnud inserion when the complels
gapC gene was offered (see Mutenizls and Methods), we fmled
to obtamn any erythromycin-resistant ransformanis This sug-
peats that gapl Is Indispensable even when H46A s grown n
coniplex medium. To substunuate this result, we suhjected H46A
DNA dhgesied with several restnction enzymes to Southemn hy-
bndization using pPRG 0 as gapC probe under stnngeat conds-
tlons icd mreviously (Frank et a1  1995) For all cnzymes
or enzyMe combinauons used (FinditL, EcoRl, Apnl, HindIll |
EcoRl, and HindIIl + Sall) the “P-labelled prohe detceted only
single hybndizing fragments (approximate sizes 52, 2.2 85
2.1, und 2.2 kb, respectively) This 1s comnsicnl with the se-
quence of gapC (FIg. 2) which [acks cleavage sires for each of
the above emeymes The sizes of the hybrulvzaing fragments ace
also conmstent with xuguence data (not shown) Indicating the
presence of 7amdill and EcoR1 sites 540 and 610 bp, respective
ly downstream of the TAA siop wudon of gapC This ohserva
tion also rulcs oul the existence of two gapl genes amanged In
tandem Thken Logether, these findings indicate that thers exisis
valy o single copy of papC in the & equasimnlls HAGA chromo
some
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Overexpression of gapl in K, ¢l and protcin purificution
Of the two 1910 inducible expression plesmuds used, pPRG102

was designed ro direct the synthesis of autheotic GapC while
pPRGI00 specified & protewn, designated (His),GapC, with a
vector-encoded modified N-terminus (see Maienals and Meth-
ods) pected sequence, MRGSH (Fig 1), ncluding the first
of the WX hishidine residues  was confinned by microscquencing
of the punfied protein (calculated A = 37 138). In nnnduced
cultures of both producer sirmns TG1(pREP4 pPRG102) and
M15(pREP4, pPRG100) gapC and gapGy uXprussion was
tghtly repressed whereas PTG induction caused GapC and
(H1s),GapC to become the most abundant proteins in total cell
extructs (Fig. 4) As judged by SDS/PAGE and densitometry of
the gels, about 40% nf erther protean were present in solubls
form after somcation of the cells while the remninder way asso

ciated with the pellet fractions of the sonicaies (Fig. 4, lanes 4
and 5) The total yield of the twu proleing was about the same
for both producer sirmns  amounhng to approximately 240 g/
m! from coll suspensions nf Ag, = 4 (comespomhing to 4 mp
E. enli cellg) Ni NTA affimity cromatography followed hy gel
filtration of (His)QapC regulted n a homogenaus protun {rac-
fion (Fig 4A, lane 7, Fig 48, lane 6) with a yield of 30 mg
punfied protein from (04 g E coll cells. Punfication of GapC
resulted in a protein fracuon contaminated with approximately
5% of n =32-kDa prowein of unknown origin (Fig. 4A, lane 6,
Fig 4B lane 7) In gel (Tiiration GapC and (His),GupC mugmied
ut positisns corresponding to appareat molecular masses of more
than 100 kDa, suggesting thut the proteins ocanred m ohgo-
menc form

Specific GralP-DH activities. The endogenous GraP DH uctiv
ity of supematani frachons denved from sonwcaied cell suspen-

Fig. 4 Purilication of Gapl (A) and (Hla),GupC (1) prodnced n B
coli TGI(pREP, pP'R(:103) and MIS(pREP, pPRG 180), respec-
ilvely, and monlitored by SDE/PAGE inalysls, Lane 1, enude extructs
fram celis withaat the cxpression veclors Jane 2, crude extraces from
uninduced cells carying the cxpression vectors lane 3, crude extmacts
frum celly induced by | mM 171G, lunes 4 and 5, pellet and supematant
fracuinn respecnvely after sonicotion of IPTX induced cells lanes AG
ond R7 xnluble CapC Imetion (3 pg protean) after gel filuhon lanes
A7 and BS soluble (Hi),GapC fraction (3 jig proteln) after NI-NTA
affimty chramntography fullowed by gel filtration Nate the ~1.3-kDa
molacular mans driference between GapC and (His) Gapl the positton
of which 18 indicated by esierisks on the nyhL

mong of Az, = 10 (Loial protewn, 1.65 mp/ml) was 70 nkat/ml for
both £ coht TGI(pREP4, pQES) and M1S(pREP4, pQLS) In
the preseace of the IPTO-nduced gapC and gapCip expression
plasmuds (pPRG102 and pPRG10Q respecnvely), the comre-
spundmg GraP-DH activities increased to U 7 pkat/m] Using
these ders tngether with U exumated yrelds of snluble protcin
from the capressuion tysieny (see ahove), the molur GraP Dil
uctivity of GapC and (His),GapC 1n crude cell extracts was de-
termuned 10 amount to approxunately 100 ket/mnl When detor

mined immediately after punfication, the molar GP DH sctivy

nes of GapC and (His),GapC were abont 80 kat/ma! (ic
~130 U/mg) After iwo months of storage in 50% glycerol at
—20°C, the actvity of (His),GapC remained unaltered whereas
that of GapC deereused Lo about 10% One freeze-thaw cycle m
the absence of glycerol rednced the acitvities of the two enzymes
to 5% and 0 3%, respeciively

Asswociution affinity constants of plasminogen and plasmin
for binding 1o GapC and (His),Gap(. Further churscienzation
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Thble 1 Affinily constunis of plasminogen and plasmin for binding fo Gapl, (Ha),Gap(" and BuGral-DIi Volues given wt meam +
viandard ervors of et least five deternunations The ineans of the X, values were desivad from the &, und &, values of Individual ensorgrams

Lagarad Analyte 10 *X&, 10"k, K,
My nM
GupC plasrmnogen 14 = 20 23+012 220 = 47
(His),GapC 11 * 06 28 +0.11 260 = 18
BaGnP-DH 56+ (B 26+018 520 90
GopC plamiman m =1 T0+ 055 25+ 25
(HuLGepC 200 =24 32x00 172 13
8510 P-DH 120 = 89 12 =23 o8 1R
GapC plasminopen fullowing plasmin U =z 2} 2903 1t 45
(His)GanC 2 = 213 162017 80 25
BsrGraP-DH 12 = 210 41 £ 041 44 x 60
g g A
l 288
1
100 1 xﬁ
. » !
i . %—_ i -50 _—r— |2
- e R E X
0 100 200 0 400 B0 000 T OO Tims
Thme o] o)
Fig. 5. Represeniative sensorgrum depicting binding of plasmin (the
analyte) at different concerntirations (fram tep (o botiem 200, 100, E:ﬂh B
50,25, 125, and 0 nM) to immobifzed GapC (the Bgand). The wancl- 2000 |
ation phase began with plassmn npeetion st 1005 snd the dixsociation 2008 |
phasc was sturted by bufferslons flow al 47208 Nue the mcressing 1800 |
resonance umits (RU) with incressing analyte concentrvhon The wory 1008 1
small respemse detected 10 the ahaence of the analyee (bottom corwe) 15 P S 11
duc to the phosphatce content of the buffer systemn i a 33
208 - v v v v
f 180 200 30 400 000 O TOO MM
of QapC und (Hic),GapC was aimed at determminang the associa Tirme f8]
tion mte constants (£,), dissociution rate constants (k) and the Fig. 6. 8¢ tepleting blocking of the binding of plasntin &t

equilibrium dissocistion constants (K, = kJk,) [or binding of
pla gen and plasmm o the two protemns, Included in these
ex s was commercial GmP-DH from B stearothermo-
philus (BsrGruP-DH) an organism that underwent no evolution-
ary constrmints towards binding the plasma proteina. The results
arc summarized in Table 1 A representative scnsorgram [
shown 1n Fig 5 which demonstrates that the resonance response
reflecting plasnun—GapC interaction occurred in an nalyte
concentrution-dependent manner No significant resonance sig

nals were oblamed [rom sensor chip surfaces without attnched
ligunds (see Fig 7D), indicating the absence of unspecific in

teracuons between the sensor chip surfaces and the analytes In
all sensorgrams analyzed, the ploe of In(R/R,) versus time (f—
), where &, v the resonance signul al 4 lued tme (2,) after the
beginning of the dissociation phase and R, the response at ume
¢, were linear nver a wide iume interval Thas indicotes that disso-
cuahon fullowed humogencous 1 1 dimocisbon kinencs Al
three GraP-DHs incjuded in these expenments were capable of
binding both plasmmogen and plasmin but did 30 with disnnct
rute constants. In genetal, the association rate constants of plas

minogen Jor binding 1o GapC, (His),GapC and ByiGraP DH
were [ower than those for plasnun, dilfenng for the two analytes
hy a factor around 20 GupC and (His),GapC showed very sinm

lar kieuc parameters in interactions with the plasma protewns,
and these tended to tund with alightly higher affinities to the
Streptocoecux than the Bacillus GruP DHs. Also the K, valucs
of the complexes between Bs/GraP-DH and the plasma proteins
were sigmbicantly hgher thun the currespunding equilibriom

neeryraT

200 oM (A) to (His)GapC, Gapl and BxGraP-DH, and of plasmin

ogen ai 5 tM (B) AxwGraP-DH, (His).GapC and Gap(C (from top to
bottom) by 100 mM G-aminohemnolc acfd The response curves ob-
wped m the ubsencs and presence of G-aminohcxanvic acld are marked

by 1 um! 2, respectively

constants far GapC and (His)/GapC, in the case of plasmin ot a
result of both a lower &, and higher &, value for BstGraP DH
To further substantiate the <pecificity of the cbserved in

teractions and to assess ihe role of the lysine bmding nites of
plasmunogen and plasmin i thelr interaction with the different
GraP DHs, we reconded sensorgrams in the presence of 100 mM
G-aminohexanoic acid, a lysine anskigue (hat has gher affinty
than lysine for these hinding sites (Winn et al 1980) As shown
mm Fig 6, binding of both plasmin and plasminogen to all GraP-
DHs was completely abolished by 6-aminohexanoic ucid indr-
cating the involvement of lysine residues in the interachons

Enhancement of plasminogen binding capacity of the GraP-
DHs by priur treatrnent with plasmin. For all three OraP
Dlis, seasor chips that hud been caposcd to incrcasing concen-
trationg of plasmin {12 5—200 nM see Matenals and Methods)
subsequently cxhiblied markedly incrensed total plasm:nopen
bincing compared to thit shown by the virgin surfaces (Fig. 7)
This enhancement of plasmunogen mnding #s a result of previ-
ous exposure to plasnun was highest for BaGraP DH (about
10-fold) followed by (His);GapC snd GupC (about 6-fold and
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Fig.7 depicting the bloding of plaaminagen at 5 pM to GapC (A), (His),GupC (B) and As/GraP-DH (C) withont (1) or with
limtted prior plummin treatmnt (2) of the Bgands, An ampry zensor chip with oo ligand wmched was ulso mcluded 1n this expenmest (D)

4 fold, respectively) In contrast to stunlating the total piaxmin-
ogen binding cupasily pnor treatment with plasmin did not sub-
stantiaily alter the kinetic parameters of subscquent plasminagen
binding (Tublc 1)

DISCUSSION

Given the key rvle of GmP DH m glycolysis and 1ts smpor-
tance [or molecular evolunonary snxdies (Doolittle et a1  1990),
the primary structures of the cnaymcy frum many arganigma
have been reported (Fothergill-Glimore and Michels, 1993) In
this paper, we provide, on the basix of the cloned and sequenced
gapC geno from $. egurrrmilis, the second amino aéid sequence
of a GruP-DH from a pathogeme streptococcal species Al-
thoug @il equisimilis (seragroup C) and £ pyogenes (serogroup
A) Il differentialed 1n overall chromosomal character
(Best el ul , 1995) sequence comparison of thesr GmP DHs now
shows that the enzymes share a high degree of resuloe identity
(%4 9%) Purthcrmore Like 5. pvogenes (Winram ez al  1995),
S eguuinihs also appears ta carry & mingle copy of s GraP
DH gene which seems to be indispensable. Apart from praviding
addiionsl sequence information for comparative molccular
analysis of related species, the avarlability of the gapC gene wll
allow 118 expression 1o be studied under different environmental
conchtions in relation to that of skc (Gase et al 1995 Griite &1
al 1996), which, together with gapC, deterrmnes the sequimnon
of cell surface assovinted plasmin activity in the H46A strain of
S eqposamilis when grown in media contalning only the zymeo-
gen (Malke et al_, 1994),

The twa gapC expression plasnuds constructed (Pig. ()
pruved to allow the inducible aynthesiz of the funchonal gene
product at mgh levels in & colr The specilic activities of the
enzymes expressed from pPRG102 (authennc GapC) and from
pPRG!OO L(Has),(ranC| were very similor and compared well
with comresponding literature data (Ferdinand 1964, Branlant et
al 1983) or the speulic activity of commercial OraP DHs (see
Matcnals and Methods) Purthermorc, Gupl. and (His),GapC
also showed simlsr affimues for plassminogen and plusimin (Ta-
bl 1) These nberservanons are important for several reasons
They indicate that the modificd N-terminus of the enzyme en-
caded by pPRG100 docs not alter the functionality of the pro-

tcin Thus, its (His), tag allows 1t Lo he readily purified by one-
step alfirty chromatography, a cireumstance that may greally
facilitate large scale functionul analyscs of mutant proteins in
the fuun. In edditon, the modified N-termunns appears
greatly sncreass the stability of the protein duning stornge, pre-
sumably by chelale formation with heavy-metal wons, nico
amouats of which are known 10 nuctivite the enzyme (Ferd)-
nrand 1964) The pPRG100 expresson gystem, in contrast tn the
pPRG102 plusrmu! sysiem also enubled us Lo prepare & protem
(ree of contaminating Gral’-DH activty resultmy from the lunc-
tional gapA gene of the £, coft M1S siran

The present study s the first to use the surface plasmon re-
sponse biosensor to ahtnn analytcal tanding data for the m-
teraction botween host and streptoceocal cell surface pritems
To denve such datn, previous investigalors usually relied op the
Segtchard analymis of solid-phase binding assays, allowang
whole cells or the coated wells of microtiter plates 10 inferact
with 'T Inbeled trucer proteins (Broescker et al., 1988, Carls-
son-Wisiedt et al 1995, Ullberg et al 1992). The present
QapC/His),GupC-plusrmn(ogen) binding data are in contrast to
those determuned for the Interaction of plasmun({ogen) with the
closcly related GruP DH (PIr protein) from § pwgenes regund-
ing both the specificity and the affinmily ol the mmeracnons Pir
showed no sigmficant plasmunogen-binding capacity and its af-
finhy to plumm (K, = 008 nM) was founl 10 be three orders
of mugnilude lagher than that of GapC/His),GapC (Lotienberg

et al 1987, Broesckor et al 1988) Our GapC-plasminogen
bmdmg dats sre woubr 1o those determined for un umdeanfied
Jow-affinity plasmmogen binding prote:n from group O wireplo-
cocar (Ullberg et al  1992), and are close (o those estimated for
the low affimty hinding sites (X, ~ 500 aM) of cenaun M-like
protins frowm 3. pyogenes (Carlsson Wistedt et ol , 1995) They
also fall well in the range of the dissociaion coustants for the
plasnunogen receptors of vanous mommalan cells (0 1 -2 pM,
Mules amxl Plow, 1988) In view of the fact that GapC and Plr
comtaln the same number of lysine residues at identical positions
m the polypeptide chun (Fig. 3), the present conflict regurding
therr offimues to plasmin(ogen) 1w hard to explun Given the
2-uM concentratton of plasminogen In plasma, a K, valve
around 02 03IuM for the association of this protemm with
GapC (Tuble 1) mught suggest thar, within the vasculature, the
great majonty of the plasmunogen-binchng sites of S, equisimilis
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H46A would be occupied  As shown previously by exploiting a
mutant H46A strun carying an isertionully mnactvated streplo-
kinase gene (o ehminate endogennus plasmmogen acttvating ca-
pecity, this streptococcal strun indesd binds plasmunogen as de-
monstrated by the generation of cell sucface-associated plagnun
activity following exposure to exogenous plusminogen activa
tors (Malke et al , 1994)

As might by cxpectad, the binding of plaxmin(ogen) to
GupC/(Hs),GapC can be bloked by 6-urmnohexsnmc scwd, 1m
plying that lyminc rexidues of the binding proteins are jnvolved
m the reraction with lysine-bunding mites within the kringle
domains of plasmin(ogen) (Winn et al  [980). These sites pref-
ercniwily recogmrze exposed C-terrinal lysmncs so that probably
many prolema fulfilling thus premise can biad plasminiogen)
(Miles el al, 1991, Plow et ol 1995) Consistent wath this
requirement, buth Pir and GupC curry C-terminal lysme residues
(Ng 3). and the plasmin binding activity of Pir 15 greatly re-
duced when its termnal lysine 15 replaccd by leueme (Winram

et 2l 1995) AeGroP-DH lacks a C-termunal Jysine residue
{Fig. ul nevertheless, 18 capable of plasmin(ogen) binding
tlbcit'With lower affimties than GapC/(11is),GapC (Tuble 1)

Most likely, cxposed lyane residucs other than C-terminal ones
are also wnvolved in the mteraction. Bvidence 1n sapport of this
suggeshon comes from a mutant Pir proiem (Winrum ct al
1993) with reduced plasmin binding actvity In the presence of
the C-terminal lysine but in the absence of the 33-amno-ucid
N-termingl segment contammng & smgle lysine residue, which 13
algo present In BeQGral-D1i and GapC (Fig 3)

A novel aspecl chaructenzing the interaction of plasmin-
{ngen) wath the Gral® Dils included in this study relates to our
finding that linuted prior reatment with plusmin greatly in
creases thar subsequent plasminogen bindmg capucily (Fig. 7)
Presnmably the underlyinyg mechamsm nvolves the exposure of
new plasminogen binding sites by the residunl proleolyhic uctiv-
ity of the v-Val-Leu-Lys-CH,Cl-inlninted enzyme that, beung a
trypun-hke protease, preferentially catalyzcs the hydrolysis of
o-Amno substituted lymne (and arginine) esters (Robbins and
Semmana, 1970) Similar ohscrvations huve beer made with
eukoryotic cells or their immobitized plasmunogen receptor pro-
fein macho et al , 1989 Hurpel el 4l , 1989, Gonzalez-Oro-
nowweal, 1991 Plow et al 1995). The pathogenic streplo-
cocul then have evolved a remarkable sylem (v generate and
amplify cell-surfacy. proluase achwvity They manage to transpust
u common glycolytic enzyme 1o the cell surfuce where it func-
uons as low-aflinity plusrmnogen bmding protein The highly
restncted funcuon of streptokmase to form a complex with plas-
nminogen ciapable of converting the zymogen to plasmin can now
be exerted directly on the cell snrface Once acuvated, the cell-
bound plasmun, heing protected from snactn anon by plasme in
liiiors of freu plasmin (Lottenberg et al 1987 Plow et al
1995), may serve to generaic additional plasminogen binding
sues un the GmP DH protein ' While the generution of broad
proteolytic activity on (he ¢ ell surfacc may increase the invasive-
nexs of the pathogen it may also facilirate the destruciive prote
olysis of cell surface proteins ke M proteins, that serve as
virulence factors by inhibiing phagocyroses (Fischetn 1989
Kehoe, 1994) Thus excessive proteolytie actinity of the cell
surfuce may be disadvantageous lo the pathogen so that mecha
nmisms controlhing the balance betwesn generating and limiting
protcolysss muy he operative The anplyzix of the factors
volved in the modulauon of cell rurface protease acuvity pres
ents u challenge to what 15 presently understood of the plasmimo-
gen-nctivating and binding capacity of the pathogenic strepto-
cocet
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Further studies on the efficacy of a live
vaccine against mastitis caused by
Streptococcus uberis

JM Finch, A. Winter, AW Walton and JA Leigh*

Three groups of dairy cows were immunized by subcutaneous (s.c.) administration of a
preparation of live Streptococcus ubens (strain 0140J) and an intramammary infusion of
a soluble surface extract derived from same the bacteria, Animals in Groups 1 and 2
received two s.c. vaccinations plus an intramamomary inoculation. Animals in Group 3
received two s.c vaccinations but did not recelve the intramammary infusion. In addition
to the vaccmated antmals, each group also contamed two nom-vaccinated (conmtrol)
animals All animals were experimentally by intramammary (m two
quarters per animal) of ca 100 cfu. of S uberis (strain 0140J or C221) and monitored
Jor clinical signs of disease, bacterial mumbers in milk, somatic cell count in milk, and daily
mulk yleld for the following 10 days. Animals in Group 1 were challenged with strain
0140J Only one out of six quarters of three vaccinated cows developed climcal
m:wmndmaﬂ(farutoffm) quarters of non-vaccinated cows. Animals in
2 were challenged with strain C221 All challenged quarters of three vaccinated (six
out of six) and two non-vaccinated (four out of four) cows developed clinical mastitis.
Antmals m Group 3 were challenged with strain 0140 Five out of eight quariers on four
vaccmated cows developed clinical mastitis but the onset was delayed in comparison with
that in both non-vaccinated cows in which four out of four challenged quarters developed
clinical mastins. These results mdicated that vaccinanion with kve S. ubers protects
agamst challenge with the homologous strain but was less effective against a heterologous
strain. Reduced protection was also seen when the intramammary booster was omitted
© 1997 Elsevier Science Ltd

Ksywerdg bovine; magttis; Strepiocoocus uberls

required for protection of the mammary gland agamst
mfection by S. axrexs and Escherichia cof*” Subse-
quent studies m which cattle were immunzed with a
subcutancous (s.c.) preparation of live 8. uberis (stram
0140)) plus an wtramammary booster with bactenal
surface extract denved from S uberis, showed that
protection could be achwved against expenmental chal-
lenge with the same strmin® Protection agumst mfection

was achieved m the absence of opsonic antibody and
without a marked influix of necutrophils mnto the
mammary gland following chalienge. The expermnents
reported m this communicstion were mtended to deter-
mme the potential contmbution of the mtramammary
booster to protection and to determmne the extent of the
protection agmnst challenge with & non-vaccine stram of
S uberls (stram C221)

MATERIALS AND METHODS

Asimals

Sixteen Friesian dairy cows from the Instatute’s dary
herd and with no hmstory of mastitss caused by S. uberis



were divided mto three groups on the bass of thewr
expected valving date. Groups 1 and 2 compnsed three
smumals winch recesved appropriate vaccinations and
two non-vaccmated, controls, whilst Group 3 compmnsed

four vaccnates and two non-vaccinated controls

Bacterts

S. wberis struins 0140) and C221 (ongmally solated
from cases of bovine mastit) were used as mdicated
Both organiams were stored m Todd Hewtt broth
(Ozxod) at —20°C m the presence of 25% (viv) glycerol
For moculation of chemucally-defined medvam or infec-
tion of cattle, bactena were grown m Todd Hewitt broth
at37Cfor I8h

Vaccination regime

Anmals were vaotanated according to the publshed
protocol® Vaccinates n Groups 1 and 2 received two
s.c vaccnations [each 10%cTu S uberis

g s MRS RS W WLTY RS SRGULM. VAL § B RST OL aE

therapy (Leo Yellow). Any wnfected quarters which
had pot already been treated were given a course of
antimotics at the end of the expenment 3?6

RESULTS

the mme strain

Vaccmates m 1 had been immuned with hve
s.mmolw!ﬂum booster
and were challenged with the stram. Bac-

teria were rocovered in Inrge numbers from the milk of
all four quarters on two non-vaccinated anmals (Figure
1a). Cimacal mgns were evident 1n three of these quarters
within 48 h of challenge and wese treated wath antibsotxc
at the nemt The fourth quarter did not display
any clinical agns unt] 7 days and was
treated with antibiotic st milking 15 In contrust,
& wberls was never recovered from three of the mx

recovered from a single quarter of another vaccnated
snimal slthough the number recovered was reduced
dunng the first seven
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which bacteria were recovered in both vaccinated and
non-vaccinated anmimals and there was hittle difference in

incided wath a loss of condition and appeared not to be

with strain 0140 An edditionsal fall in mik yield was

obeexrved m one cow 6-7 days

1l

-1

- el
]

?

w

with kve

booster

10D c.fu, S. sberly straln

[}
of sx
ugns of

7

2 had been
plus the
with ca
required antitsotic therapy at

8
n-pmrm
uml
e
mberis sirain 0140 snd challengs with straln
leup
o104

2. Subcutancoms and

I hm_m m

anl Bacteria were recovered m large numbers from
the milk of all four quarters on two noa-vaccinated cows

(Figure 23), one quarter
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Bactena were recovered m large sumbery from the
milk of all four quarters of non-vaccmated cows (Figure
33) and clinical ugns became evident wthin 24 h post-
ot L e e
antibtoti;
s0m, there was a marked reduction i the mean numbers
of bactera recovered from the milk of vaccinated cows
(Figure 33) Three of the eght challenged gquarters on
vaccinated cows shed only low numbers of bactena snd
two of these quarters cleared the mfection without
dusplaymg sny chmcal signs or need for antiblotic
therapy The number of bactena recovered from the five

2- and 20-fold of that seen prior to vaccination Those 1n
non-veocinated anmmals rempned low None mcreased
more than threefold during the penod prior to challengs
(Table I) In contrast, there was Inttle change m

body responses
IgGl and IgG2 m milk from acn-vaccmated animal
remasned sumilar throughout this penod (Table 2)

DISCUSSION

Results obtamad from the anumals in Group | confirmed
the effect of the published vaccination protocol compris-
mg";nnunl vaconation of dary cows with live
s is plos an mtramammary mfumon of bactenal
surface extract’, and showed that thus was capable of

Vacaination ageinst €. ubsris mastitls. J M. Finch et al.
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recovery, somatc cell counts, alterations m milk yield
and chmzcal mgns) was much greater This suggests that
s.c. Immumzahon with a hve, or possibly an attenu-
ated live, vaccine may be » viable propomtion for the
prevention of mastrts caused by this organiam.

The chnical and



VACOMaton Agamst 3 ubana masiiis. J M. Finch &t al
Table 3 Neen lovels of 8. ubaris speciiic ig@1 and IgQ2 In serum

& ubgris apacific antihody In serum
Prevaccingtion Prechellenga  Fold incrasse

igat
Group 1
Controls 4029 T486 151
Viccineins 10202 31414 .08
2
mm 5004 13830 235
Vaccinades 0100 122313 19.7¢
3
mm 1143 13504 120
Vaccinaies 172105 20.08
[
7
mm 138 13623 12
Vaccinates 14113 875 423
Group 2
Conirols 4117 2166 or7
Vectirmios 30400 o188 288
3
cnum 456210 63700 1.41
Veccinales 27166 226813 M

Table 2 Mean loveis of & ubevie spacific igQ1 end IgO2 In
of each animal)

F‘mnmumum-:

& ubsris specific anthody in mik
Prowvaccination Prechallenge Fold increase

gl

Grup 1

Controls 14 a7 0.72

Vaccinaies 1488 (] 0.41
2

c-nm 186 412 028

Vaccinaies 267 361 1.8

OGroup 3

Controls 7 163 084

Veooinales 613 519

[

Growp 1

Conivrols - 45 15

Vactinates 141 a2 214

Group 2

Comrols 13 17 151

.h:i-n 14 a4as a8.80

3

mﬂﬂp 15 103 0.8

Vaccinaies 141 190 1

with controls and that the mean numbers of bactenia
recovered remamed low (<107 c.fu ml~! mulk) for up
to seven milkings post-challenge before they finally
attamned sufficient numbers to cause chinical disease It
was also noted that climical mgns in both control animals
and one of the threa vaconates were more extreme than
those 1n the two remamning vaccinates and this eppeared
to be raated to the very high numbers of bactera
recovered from these quarters These results indicate
that vaccruntion with S. wheris stramm 0140) may rotard
bacteral colomzntion followmng challenge with a hetes-
ologous stram, but that this 13 msufficient to prevent

nfection and thereby reduce the mcidence of chmcal
discase An effective live vaccne may therefore requure &
cocktml of several different strams of S uberis 1n order

The results obtamed from Group 3, m which the
intmammary infusion of bactenal nuface extract dur-
mng the dry penod was omutted, revealed that mean
bactenal numbers and the extent of climcal ngns were

extract does make a mgnificant contribution to
protective effects obtained.

Previous attemptzs to vacanals agamst
mastrhs-ca have been towards
the elevation of specific antibody mn the milk and the
npldmobﬂlnhcnofnﬂuoﬂﬂlmﬂwm
gland m to mnfection™” The timmg and route
of admmmstration of the hive S. uberis and the cell wall
extract was therefore based

sclence: mastits
2 Hilavion, J.E., Sheam, M FH., Toverson,

i
1

379



FERLLEMRAN! E NI O AN IR, J.0N. FERST T .

5 it

m“m

N,m il



