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Abstract

Project Code: BGJ43-8-00017
Project Title: Comparison of group A streptococcal typing methods
Investigator: Assist. Prof. Dr. Sumalee Pruksakorn
Dapertment of Microbiology, Faculty of Medicine, Chiang Mai
University, Chiang Mai 50200, Thailand

E-mail Address: spruksak@mail. med.cmu.ac.th

Project Period: 2 years

Streptococcus pyogenes(group A streptococci, GAS) is still causing health problem in
developing countries. Most of the GAS from these areas were characterized M nontypeable by
serotyping method. They may be new M types or lack of expression of M proteins to react with
available specific antisera. Thus the aim of this study was to identify these GAS using two
technical modification methods, PCR-RFLP and PCR-ELISA. For the first method, PCR-RFLP,
the A- and B- regions of emm genes of 192 GAS isolated from normal children and patients
were amplified using one pair of primers and then digested with Alu | restriction endonuclease.
Their RFLP patterns were analyzed by running on the polyacrylamide gel electrophoresis and
compared with the RFLP patterns of know M serotype GAS. Some isolates that represented
each PCR-RFLP patterns were confirmed by DNA sequence analysis. The results showed that
most of the isolates gave the PCR-RFLP patterns and DNA sequence similar to known M types,
only few of them gave distinct patterns and they were analyzed by DNA sequencing method.
For the second method, PCR-ELISA, the A- and B-regions of the known M types were amplified
by the same primers as the first method and then immobilized on the ELISA plate. The tested
GAS emm genes were also amplified using biotinylated primers and hybridized with the known
M type PCR products coated on the plate. After adding the streptavidine-enzyme and
substrate, the signals were visualized by the optical density at the 405 nm. The results showed
that some GAS can cross hybridize between the heterologous M types and difficult to
discriminated from the homologous M types by giving high optical density. From these results,
we suggested using the PCR-RFLP method to screen for typing of GAS in order to minimize the
DNA sequencing which is still an expensive method in the developing countries. Since vaccine
for GAS prevention is still under developed, cheap and feasible typing method is necessary for
the epidemiological study and vaccine development for the population in the developing

countries,

Keywords: Streptococcus pyogenes, group A streptococci, M typing, PCR-RFLP, PCR-ELISA
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L%a Streptococcus pyogenes (group A streptococci, GAS) Joﬂdtﬂut%aﬁatiﬂﬁtﬂuﬂmvﬂﬁ
Iy lsinaidvaun da GAs  Awvlutnmmamaidmwlngdaduge ™
nontypeable \fanaaausiuiF serotyping daprafiosniBamaniiiiugs M type 113 wiaita
Lig3e M protein fiariUFATETY specific antiseraf’iﬁag é’amfm”mqﬂs:mﬁmaamsﬁnmf@a
MI3UUMEs GAS manit 1aulsdinsfiwaniu 2 55 fia PCR-RFLP war PCR-ELISA 3%uin
§a PCR-RFLP (flun13iAuinuin A-, B-region 189 emm genes Pa3Te GAS $1MIm 192 T
ﬁuq’?’iuun'l@"mmﬁnﬂnaua:mmjﬂm lagld primer (RyIgifiun mindanandafldee
enlodaaiiniz Al Saridusiuitldoinnisaaitandnsesilasns run polyacrylamide gel
electrophoresis 3:le RFLP pattern mmfmiw pattern ﬁ'lch'mL"Bra?iﬂmﬂaumtﬁnmﬁuuﬁu
pattern  #ilda1mBauassufinyy M type uanmni‘{L‘BramomUﬁuﬁﬁtﬂuﬁmmummmﬁa:
RFLP pattern loinsnyinnismisduuaiaiunsiutunaildannd® PCR-RFLP wan1imaans
woinfedmluglius RFLP pattern waznamswidduuafndaurnifamnaigufinmy M
type DLToLRDILNIEIMYNTUALY RFLP pattern ﬁLmnmemm"gammgmﬁﬁag Farleninly
Jiarsdaalagdimsmidduiua @uSudthans fia PCR-ELISA lévnmisfuswin A-, B-
region UdY emm genes mm%ammgmﬁmm M type tauld primer guapnuAuitusn N
vnnandafldundedalsun ELISA plate §7% A-, B-region 'uaoL%aﬁa:nmaauﬁazgmﬁuﬁmm
lavld primer A1 biotin §alT miwinandadfilédun hybridize iy uanﬁmauéammg’mﬁ'
Y3 M type ﬁa@aguu plate MAIANLG streptavidin-enzyme uaz substrate ua W lUdadns
@Jmnﬁuumﬁ 405 nm ARaVIAMNTHTAIE HANITNARBIWLTT 1TD GAS LNIGIEINITOLAA cross
hybridize 32WinaTafil M type @rarule Feanuanisnassanarii 1 ldanalvlsis PCRr-
RFLP W8a37am1 M type 283180 GAS lwiflassy tRaanU3unmiatnafiannirluyia typing
lagmmaduna Faiudindneumedmivdszmaiaian luwsmefitadudmiudosiu
nIdaia GAS Seagluiznitiniswamn 35m3 typing ﬁﬁﬁmgnua:mm'snmmlﬁ‘lﬁazm
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L%éa:Lm%ﬂTmﬂaﬂ‘lﬂnejuLa (GAS) LmemﬂﬁL‘i‘uunmmngﬂnau Famwsonalia
luaulanatulsa (Lancefield, 1962; Kaplan et al., 1989) 11w aadniay duas Aanns
anigu laReluiy daauan IWaiuys toxic shock-like syndrome w1ITIg@13da7N13
AUREINIEALT O Lﬁuﬂﬂsuﬂarl (ARF) Tsﬂﬁﬁ1aguwan (RHD) ud: acute
glomerulonephritis (AGN) W8tWUI1 virulence factor 'ﬁﬁ’lﬁ’rymaa GAS fa M protein
(Cunningham and Russel, 1983; Dale and Beachey, 1986a: Cunningham et al., 1988;
Fenderson et al, 1989) tIulUsduuuinoas ianwuniuindead o1dszunm 500
faamTaNn udaueInuana1eiwlUuaud M type (van de Rijn and Fischetti 1981;
Fischetti, et al., 1985) M protein ﬂ:gnmm]ﬂ@uﬁuﬁﬁnnfh emm lapmsngalusaud
wONAIURuEng anilsnnlusauiindalan virR gene (Bessen and Fischetti, 1992) J9fn
ﬁﬁﬂ'nmmnmaﬁulm%au@ia:muﬁuﬁ (Hollingshead et al., 1993) M protein JUNUIN
Dastudndasnnishiusondafanuii 1is9eni N-terminal fUsznduay Mldiia
nsHANIMIzIIe I Touasdaidan11a M protein Ustnausis A, B uaz C-region
Awe@onLﬂuﬁﬁuﬁagnﬁoéﬁu N-terminal G9fdraurainsaazilusinisluusas M type
(Manjula et al., 1986; Haanes-Fritz et al., 1988) ua:gﬁﬁmmudaeim«ffmmmﬂaaﬁ'u
msfalsandusile Lt@itﬂmmm’mm:@iamsﬁuﬁumvhtfu (Beachey, et al., 1973;
Jones and Fischetti, 1988) MSANEIMNTIINAINEITaInIsaaia GAS ludeeiwiu
mydnslasandoausuidlumaiduiaudiaupsd A-region filumsr M typing loeSs
gel diffusion U specific antisera Y9N0 type ldNINN1 80 M types (Facklam
and Edwards, 1979; Fischetti, 1991) &3u B-region a%iﬁ'ﬂ\lﬂﬂ’la C-terminal 3ziinsaazil
Tuﬁﬂa'ﬁUﬂﬁqﬁ'mf]umaduu‘lmwia:muﬁuﬁ (semi-conserved) tialuaziiiu C-region @4
9133z liwuluuis M type thinvazfinnuaaisndenutadnsaaziluuinnti 80 % (Miler
et al., 1988; Khandke et al., 1990) uaziuwidaIaINIANIIMIIMIUTTL@Inada
TudszinalnouasUszanalunoviodoas Twaan@old wudtunnnin 80% was GAS A
wy uuyuy M-nontypeable (Pruksakorn et al., 1990; Kaplan et al., 1992) usau17In
AIIINU M protein gene lasnsvin DNA sequencing (Pruksakorn et al., 2000) Sn'r';'ﬁ%'
M3 M typing 71lF M-antisera FaUTIEIINNIN Wasnnfunnit 80 M types uas
ﬁ'aaﬂﬁﬁims?ﬁﬁ M-antisera AUNN M type fuRoalifiuviolulan (Fox, 1974; Kaplan et
al., 1992) 3adutadriaatraunlunisvin M typing lasld serotyping

daudaldinisdadudtnislnig Ao lfunudBnsh M typing les3%
serotyping L% N13éa DNA 183 GAS daslaulodaadimiz udag band ﬁgnﬁdﬂums

run electrophoresis gel 138N Restriction Fragment Length Polymorphism (RFLP) %ﬁ?}'ﬁv



g InilTEI R typing GAS @@ (Cleary et al., 1988; Bingen et al., 1992) wail

48310 a ApN1IEU pattern U3 fragments fautIon wszazle band aanuunaNY
\ - | A . oy d r-J

uazn13 run gel NAUWIeNW resolution 1849 band 8193z liTaaune Bnitnilda

-

Ribotyping 3:81UKNA I8N RFLP ugamuaunsnlunisugnszninaswuiazdiniy

'
s oA s bl

RFLP wazdnithfion]lsda Random Amplified Polymorphic DNA (RAPD) tilasanvinld

el

Fuazdaniniaug (Seppala et al, 1994) daunldileld Oligonucleotide probe At
AMUTUWIZAY M protein gene T hybridize AU chromosomal DNA 2839 GAS wWuiidl
auluazaeswWIEfiuan (Kaufhold et al., 1992) uel probe (ApIwia probe lai
§141I0 typing léMn M type wazdndifiinanldde vieTyping Fowudmansaldluns
typing 6@ (Gardiner et al., 1995) uaea4ld chromosomal DNA ﬁﬁqmmwgaua:m‘iﬁﬂ
long-PCR #162415Uan12:289 reaction Winunzanluudaziia9ninug1iuas PCR
produts ﬁ'flm”?;mﬁﬁamﬂﬁ’ﬁhugamn dmfi%'?i'lﬁ'wamiuﬂﬂﬁqﬂ AaNTIMIAIAULUE (DNA
sequencing) LwiL%ﬂﬁ'fl‘ﬁﬁhﬂgeua:m‘%‘aoﬁaﬁmuwa
Tunistinwaiiiisedasmsfiasimudtnsm M typing  Fuaniialw
81790 typing 158 GAS 1ﬁu1nﬁq@ galdignuazaansaneassldlunniszina lag
aevmouifisuiuds typing 8u9 dau tiadszlamilunsdinssusznaingves
Fa GAs Tudsumaffinddam wasfluuwinslumsiisswann aduisilastiumsan
%8 GAS @ iludamauie M type 103188 GAS ﬁs:mmag'luﬁaaﬁuﬁw Weley

g

IH' L J o 4 = dl ) * A‘
Tadunilaviwzoldnn M type wiaifiaunn M type fiszinaagluviaadiu

mqﬂ's:aaﬁf

Warmimesauitmiin M typing lao3% PCR-ELISA uat PCR-RFLP
WIoUABUAL DNA sequencing LRABMIEISILLUATES M protein gene Liafiuiuay
ONGavuaINITn M typing Fadwitnmifiuiuen Tasnessuriudasseilaasals
n{uLe Faflu M typeable uaz M nontypeable fusnldludiniaduoelmi Usznalng
U1 192 AT
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1. Wweanasllansalangue AldlunsénwuludemoRuiinasgiuiniu

A‘ :ll w L -
M type uaziTafiuaniaoingilie 192 suwug

2. Msuendduia  YmnwizlRoa@eluawns  Todd-Hewitt broth (THB)
30193 50 UaARaT ﬁqmwgﬁ 37% Tudn udifudsienamsiapadesan 3 a3y e
PBS pH 7.4 vinmsdauiwaasslalalad 500 lulasias f‘ﬁaﬁlﬁmm‘lﬂﬂmﬂag 50
lulasndusaiadfag ﬁqquﬁ 37% Hwan 1 talae andeasldsiiudie 20%
sodium dodecyl suffate 200 lulasaas uaz 10 lulasaas 189 Proteinase K fisina1a
Wt 10 Dadnsudaladaas A 58%0 Tufin antuanaznawendulysaneandas 1/3
volume U84 saturated sodium chloride ﬂ11ULﬁUﬁqmﬂQﬁ %1 30 wf dhuniud
10,000 saudau Jwian 30 wih glmLmﬁﬂamuuumlaﬂumaamim\iﬁﬂﬂﬂmm%a
1§in absolute alcohol AWTIIA —20°0 Y3uam 3 i Buamaealuiiung auinaznau
pastiBue uanlag uddIdiinadin 70 % ethanol 8n 1 a%s 17 tip Avataisuda
Aaonasdiiuiaaanin ﬁa'lﬁuﬁaﬁqmwgﬁﬁaa 1 Wt deeiidwedldmasasly
Tris-ethylenetetraacetate (TE) buffer pH 8.0 USunm 500 lulasaas wdniuf —20°s

3. n1snadaav3ISn15¥in M typing Tasa1dauannis PCR-RFLP

3.1 Y1 PCR it amplify 3% M protein gene lauld primers fAsu13n
amplify M protein gene 18950 GAS Tﬁnnmmﬁuﬁ Taslfidafingu M type L& GREED)
HEUUD reaction Usznauaay sense primer Fefidgreuuailn
CAGTATTCGCTTAGAAAATTAAAA  WR:  antisense  primers  @afidduiumiln
CCCTTACGGCTTGCTTCTGA, Tag DNA polymerase, dNTP mix, buffer, MgCl, uaz
template fia dduafiugnldands 1 snmiwmirlUidnias Thermocycler (Perkin Elmer
model 480)

3.2 11 PCR product ‘Fi"l@'fm run polyacrylamide gel electrophoresis tN#1
U 100 bp standard marker 3NURTDNGIY ethidium bromide g WUIBUT DU
183 PCR product

3.3 11 PCR product fildundadioianloddasuwizea 4 wa (4-base
cut restriction endonuclease) lasidanltiaulad Al

3.4 11 fragment ‘ﬁ%‘f&l’l run polyacrylamide gel electrophoresis |figuny
100 bp standard marker 91N%uEauFIY ethidium bromide thomMwilRsufinui

3.5 wafildundIoufiouiy PCR-ELISA




4. NINAAaVISN11 M typing laga 1 duvdanni1s PCR-ELISA

4.1 vdmdweduenldluta 1 wvi1 PCR Tayld primers dudoariuluda
3.1

4.2 ¥IM13 coat ELISA plate #1798 PCR product filslagasuiudTunaul
\YMUNT@U (vary concentration)

43 WiiBuerandailiniu M type 31¥1 PCR lanld primer fdnn
AUTD 3.1 uAGneY Biotin 1Ml uAaUNITENATIEN

4.4 Yin PCR product #15a5 Biotin 311 hybridize U PCR product 7i5ia
MU solid phase luusiazwau ™ PCR product ﬁa@ﬂu M type LABIAUNIETEINNTN
hybridize fule fadeauiiliduiusenly Aeseunsonsuin dafilinsu M type
ﬁtuLﬂu type lals landiu streptavidin ‘ﬁaﬂ‘l’i’ﬁ’m Horse Radish Peroxidase (HRP) lag
streptavidin 3z3UML Biotin 19ag 13dnvin: NNBUE streptavidin 14U Biotin aan
\dlaFin substrate (H,0, uaz ABTS) 7917 30 WA uﬁﬁ‘mmms@@ﬂﬁuumﬁ 405 nm
ﬂqﬂﬂﬁ;ﬁﬂ%uamﬁ PCR product 1891385 §0IN152ENTIY type mmsm‘ﬁ"rﬂ'lﬁﬁu

; ﬁ. I‘:- A . = = R
PCR waafiafiniiu type lunauuu darandu type Foariu

5. ANIHIAIAUILADDI M protein gene ﬁaalgaa:1m§ﬂfﬂﬂaﬂ1ﬂnsjuxa

5.1 dddwaduonldlute 1 v PCR ault primers Q;Lﬁmﬁ'ulwﬁa 3.1

52 W1 PCR product Aldun purify laslt  low melting agarose gel
electrophoresis WaIAML07 band ﬁaaﬂjd’mq’ﬂuﬁ purify laglt Prep A Gene purification Kit
(Bio-Rad Laboratory, USA) N%U run gel WiawiLFunn

5.3  vnmimwasuwalasd®  cycle  sequencing  laulf  Dye-terminator
sequencing kit 183 Perkin-Elmer (Perkin-Elmer Corporation) %1 product ﬁiﬁuﬁﬂn
ALNBUGIL sodium acetate @9978 ethanol YNlWUWY ud? resuspend W template
suppressor reagent it ldmesas automate DNA sequencer (Perkin-Elmer
Corporation — ABI 310) FalwmofiduaugnaanainduniunnudusiasamuLasula
sadiaulafidiwdaiuiduiua adenine (A). cytocine (C), thymine (T) w38 guanine (G)
lasfiuasamafidusiamaiuaiofiidu

54 urdgaviuadiensianuniaussnine type lasltlusunsy DNASIS
Version 5.0 uasuidaisuiwaluviainumisun (homology) ﬁ'uaiwé’mumam‘?famuﬁuﬁ
119337 lu GenBank laudfidauiuamiiaunuinnnit 98-100 % dailu M type 1dn7

-~

Y



Haniinaaod

1. NMINAFTBUITNNINN M typing lowa1fianannis PCR-RFLP

Tun1s amplify M protein gene 283 GAS lauld primer QTI WU primer Qi{
10130 amplify M protein gene vlﬁ?jn sample 108 PCR product 91 lafluurafiuanaiaiu
AauAUTZN DL 500 19 1500 bp UALIIIUINTAL band e3us 1 B9 3 band ﬁattamlugﬂﬁ
1 Wds 2 WRzATIf 1 Fauuanarvitiaiiiasanmsdi m protein gene 3 repeating
unit Baluudias M type wioudas strain Avduan repeating unit ALANGIINU LATUIR
289 PCR product tRpaagnandion limunnsuun GAS sanmiiu M type ¢35 16 1fia
mm%raemmaﬁuﬁﬁ’u fipnafiuuiawss PCR product Alnddseiunsainnule daniude
1 PCR product mand areasasiauloddaiinne Al B3 recognition site 1UN3
anfa AGLCT L%Uﬂmﬂﬁmi‘ﬁ Restriction Fragment Length Polymorphism (RFLP) W&z
doanuiunizrasmsaassawlmiil 3eildeminsauunanuuandtes GAS Al
snouwaniwlu M protein gene fienaiuld laondaaineaa PCR product einpiawlos
Alul U&7 mmfu%:li’l fragment ﬁi@'fm run 15% polyacrylamide gel electrophoresis Lﬁ'a
@ RFLP-pattern Aler ﬁmam‘lugﬂﬁ 3,4, 5 uaz 6 WAz 1 uss 2 lap3uv PCR-
RFLP wau%muﬁ’uﬁmmyuﬁmm M type fiau nuuini sample AlinTu M
type 417 PCR-RFLP 1 1wldiuanin udil RFLP-pattern #ilaun3oufisuny RFLP-
pattern maw‘nramuﬁmfmmgmﬁmw M type #i5 pattern pynauua? IINNIIMARDY
W1 M type §03FHwWUT L%amuﬁulf Potter41 wu"lﬁﬂau*ﬁqﬂ JOIAINAE M1, M44 uas
M25 @UEIGD WATDINMIINARBININLBNTINT sample @awnilefill RFLP-pattern #ilaj
wilouny RFLP-pattern mam‘%amuﬁuq’mmgmﬁ'mm M type TIfiuaayin sample
maridu M type Bug uanmﬁamm%amuﬁuﬁmmg‘mﬁﬁag Falunsdiiifiani
sample W LU MIEE S ULLEYaY M protein gene [al¥nsu M type KU
IinBamariudwdamoRuiinesgufinru M ype dald Samin sample v
naFaUl RFLP-pattern '?'imﬁauﬁuﬁ’uL%amuﬁ’unfmmgmmehff AFLITONTIV M type

T -l J
289 GAS 19867u3F PCR-RFLP #

2. mMInagauiITnIsvin M typing lapandunanniy PCR-ELISA
IPMINaRMIUS NI TNz auU89 PCR product 719:lHlums coat aslu
ELISA plate ua: hybridize saugadluanT9fl 5 wudn anududuiivanzauda 200
ngiwell Imiuiainlunasaulauyinms hybridize 3:W313 M type 1887201 Ua: @19 M
type dsuaasluaTon 6 uss 7 mnm'mmaaawmﬁmms@ﬂnﬁuuawaam's hybridize

W M type @iy axfidannidt 1.00 §IUAIN1IQANRULAIYINT hybridize



v
3

FEUIN M type 619N% @ danaIni 1.00 wa@lua1sf 7 mInassdn 2 N9

- g ' A e = g 4 ' - [} = P L '
hybridize 72%373 A18 NU H140 TuiuBaned1y M type N memigﬂnauuam‘lﬂﬁm

4NN 1.00 LLGiﬁzTaﬁmmi@,ﬂﬂﬁuuauﬁﬁﬁn’hms hybridize 3=wi1a A18 U A18 fuilu
M type L@LaR uanandl lwa1s9f 7 msneaadi 3 ms hybridize 1t¥i79 A18 NV
AK1 Uss A5 fu AK1 @aflwidaficng M type 17 u,siﬁﬁ@hm‘:gmnﬁuumﬁmnn’h 1.00
VEUNW u,@iﬁEx’aﬁdwﬁwndmguﬁlﬁmamn F1TunT hybridize 331319 H140 U AK1 a3
fINIganauuaIgly 2.179 Tunsdlvasnimaaasii axudanadt H140 fu AK1 1w M
type L@LANH MITANUNANTINAREITRH a19iAad wann13AHuasIuBas PCR product
filumegay PCR-ELISA §idu  leader sequence Andufiu  Senuie  cross
hybridization Ausoniidule udfdds Per-ELISA arldanunsnuan M type leaga
auyIol uedBinaunsnanlilunis screening luiiossuls Tasunssatgnafienuisn
uan M type ldiay usfiesfiduloufioziia cross hybridization Tu awniAaduih
LﬂWﬂ:ﬁ‘)E}ﬂ’ldﬁﬁﬂm%’ﬂﬂﬁ’mﬁﬁ typing #ap5Faudaly 1w PCR-RFLP w3a DNA
sequencing MIuWIERAvstIanIa Az LTI ulunsn M typing aoldunn

3. MITWIENAULLRYEY M protein gene maat%aa:Lﬁ"‘}ﬂTﬂﬂaﬂ'lﬂﬂejuLa

PaI9INYI? PCR-RFLP U&7 aunsodasnuun GAS aandu M type 6149 16 ud
LﬁaLﬂumsﬁufmmmQnﬁawaawamsﬁ’l M typing ¢285% PCR-RFLP 349l6vinnism
SIAULLETBY M protein gene 2998 GAS 7iil RFLP-pattern fitniauiwuazenaiu sou
fl9 GAS #iil RFLP-pattern ﬁ@mmm%amuﬁ’unfmmgmﬁmm M type @28 dIuaaalu
Q13NA 3 Foman1svh M typing shei% PCR-RFLP MWnafizeaadasiuniamidduiua
403 M protein gene 2aTa GAS LAAIIINIIVA M typing sat3% PCR-RFLP & &1130
wranlFlun1svin M typing 138 GAS e ua:'lﬁ'maﬁgnﬁaa g7 GAS filsigansnuan M
type 16 §283F PCR-RFLP g u1350n310 M type 16 1asn1Iswid e uluauad M protein

&
gene 4
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100 bp
100
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100 bp
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U 1 1E@AINIFILATIEHHANTISIN PCR A2y Polyacrylamide gel electrophoresis

VOIN0L19N 1-104 (SN0ALBUAUAAI IHATTIIN 1)
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Eﬂﬁ 2 WEGINIIILAINTHHANITHY PCR @18 Polyacyrlamide gel electrophoresis

L 138

139

100 bp
122
2
124
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128
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"7
13
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100 bp
40
141
142
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144
1435
a5
147
48
100 bp
149
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159
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154
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| 182
183
184
185
185
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188
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2BIAIBLIIN 105-192 (I1wazToAUaRI IHATITIIN 1)
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FI’I‘SNﬁ 1 UAAIUHIAYDI PCR product !lﬂ:%uﬁﬂuﬁﬂﬁMHﬂﬁﬁﬂ PCR product (?IJ]U restriction enzyme .4/ul

No. |GAS Strains Size thpl ot PCR product Sire (bp) ot PCR product cut with Alu | PCR-RFLP homology to
1 |Al [1OG, 950 400280, 200, 140, 120. 85,47, 37,27 M1
2 |AS F250 1180 1050 700, 150, 100, 85, 50 M5
3 |AS 940 420. 190, 165. 60, 50 M6
4 |AY (850, 7200, 570 570,400,150, 120 Ml
5 JAlI (830, 7200570 570,400, 150, 120 Ml
6 |AS8 630, 304 350,300, 180,130, 90, 50 Potterd ]
7 |AlIS 220, 660 360, 160, 140 MI18
8 |A24 (13001 1430 SO0 420, 330, 275, 240, 200, 160, 120, 100, 85 M24
9 |A39 1900, 7200 360 200.(190). 160 M39
10 |AS2 NRU, To0. 624 250.170. 100 M52
11 | X3/1 LT200 600 A8 190, 130, 10U, 30 Ms3
12 |3R {14000, 1230 600, 350, 250 3R
13 [H200 50 35U, (2800 230, 100, 80 M49
14 | M3 1100 3500210, 200, 804451, (37) M3
15 M4 6O 300, 170, 65,50 M4
16 |M12 1250 320, 230, 190, (165, 120, 90), 80, (60). 40 M12
17 | MI13 764, 630 210,180,170, 110, 100. 80 MI13
18 |M25 870, 750 500, 400, 350, 270, 200, 180, 150, 55, 40 M25
19 | M49 530 350.(280). 230, 160, 80 M49

20 M58 350,750 750, 370.{230), 200 M358

21 | M59 1770). 620, 490 480, 370. 160, 100, 80 M59

22 |M66 870, 700 300, 230, 200, 140, 120, (50) M&6

23 |M73 t96l). 82U 700.(140). 110 M73

24 |M75 TUO{320) 130, 140, 100, 50 M75
25 | M76 1101920 320,240,170, 110,90, 75, 55,(25) M76
26 | M77 470 470 M77
27 | 328 1150, 1000, 340 300, 250, 200,140, 120, 85, 37, 27 M1
28 |H92 780, 640 400, 350, 210, (120, 80) ST2
29 K16 570 450,110 ST4
30 |H338 (9201, 720 800, 600, 120 STs




A15197 1 HFAITHIAVEI PCR product naz3uaiuiila21nnsdina PCR product §34 restriction enzyme A/ul

No. | GAS Strains Size (bp) of PCR product Size (bp) of PCR product cut with Alu I PCR-RFLP homology to
3l [J27 Y64, 800 170.0155). 120090, 80, 53 Not homology
32 |ARF2 (12000, 1100 220.(115.85.70) ST7

33 |ARFI Y30, 820,610 600, (230, 1701, 85,70 STS

34 |HI140 STLTUY 270,160, 100, 60,140, 35, 23) STIO

35 1176 FE30. S840 (420, 3700 270, 130, 95, 85,60 ST

36 |47 650, 300 330.3000 1300 130, 90, 30 Potterd |

37 |68 700 220,150 M4

38 (42 70, 730 270,200, 180, 150, 35,30 M23

39 |20 630,500 350, 300, 180, 130, 90, 30 Pottert]

40 |38 700, (520) 180, 140. 100, 50 MTS

41 |64 700, (600) 290, 190, 120. 100 M70

42 52T 330 170, 110.90. 70, 43 Not homology
43 (5744 1130, 1000, 830 3000 230, 200,140, 120, 85. 37,27 MU

44 |S122 630, 300 350,300, 180, 130. 90, 30 Pouerd}

45 |H9 730, 600 230, (180X 160, 120, 70.(33) MSI1

46 | TUO6 (83U, TI20 53T 370,400,150, 120 M

47 [ARF3 1450 220, 1158570, 30 ST7

48 |S663 630, 300 3500300, 150, 130, 90, 30 Potterd |

49 |ARFI15 1350, 1050 160, 130, 115,100, 70. 50 Not hemoelogy
50 |Al4/5 700 220, 150 M4

31 | 0426 6350, 500 350,300, 180.130. 90,50 Potterd ]

52 | 8346 700, (600) 290. 190, 120, 100 M70

33 | 8578 650, 500 350, 300, 180, 130, 90. 50 Potter4]

34 | 5431 650. 300 350.300. 180, 130.90. 30 Potterd]

35 |S330 630, 300 330,300, 180. 130.90. 30 Potterd]

56 |S219 1130, 1000, 840 300, 230,200,140, 120, 85, 37, 27 M

57 |s182 630, 300 330.300. 180. 130.90. 50 Potterd ]

58 [S19 VIS0, 1000, 840 3000220, 200,140, 120, &85, 37, 27 M

59 |S14 630, 300 350,300, 180, 130.90. 50 Porterd ]

6u (159 X7 750 270,200, 180, 150, 353,30 N2




A15197 1 UARIVHIAVI PCR product 1azFHa UM 10910013610 PCR product A4 restriction enzyme Al

mo. GAS Strains Stre tbpy el PCR product Size (bp) of PCR product cut with Alu | PCR-RFLP homology to

61 |J63A 700 220,150 Ma4

62 |K3 570 450,110 ST4

63 |K38 570 450, 110 ST4

64 | K9 570 4500114 5T4

65 |J82A (730}, 330 135,95, 80, 30, 35 Not homology
66 [K17 1250 320, 190, 120, 90, 80, 60, 40 M12

67 J65A 950, 320,610 600, (250, 170), 85, 70 ST8

68 |AKI R70. 700 270,160, 100, 60, 40, 35, 23 ST10

69 (P26 N7 750 270,200, 180, 150, 35, 40 M25

70 | P31 (NX0). 760, 16402 330,300, 170, 145, 114, 90 M33

71 | P38 Th>l) 1650, 350, 2000 150, 90, 30 Not homology
72 | P40 870,750 270,200, 180, 150, 55, 40 M25

73 | P43 870, 750 270,200, 180, 150, 55, 40 M25

74 | P63 650 225,160, 120 ST3

75 |P104 870,750 274, 200, 180, 150, 55, 40 M?25

76 |P127 B0, 660, (530} 160, 110, 70, 27 M4g

77 |PL157 700. 570 250,180}, 160, 120, 70, (55) M3B1

78 |P168 870,730 270, 200, 180, 150, 55,40 M25

79 | P83 740 200, 160, 100, 30 Not homology
80 [P209 1%60), 760, (660) 330,(300), 165, (135), 110, 100 M33

81 |P214 (X601, 760, (660) 330, (3000, 165.(135), 110, 100 M33

82 | P302 9S820, 611 600, (250, 170), 85, 70 ST8

83 | P30S ¥70, 750 274, 200, 180, 150, 55, 40 M25

84 |P318 U0 220, 150 M44

8BS |P337 (13000, 1100, {(900) 760, 440, 370, 230, 100, 65, (10) Not homology
86 | P343 Y30, 740 150, 125, 110, 535, 23 Not homology
87 |P378 650 225, 160, 120 ST3

B8 [P416 870,740 560, 100, 80, 50 Not homology
89 |P417 650 225,160, 120 ST3

90 | P448 700 220, 150 M44




13197 1 HAAIVHINVDY PCR product uazFuaIUN1d0INMsAn PCR product A0 restriction enzyme tlul

No. [GAS Strains Size {bp} of PCR product Size (bp) of PCR product cut with Alu | PCR-RFLP homology to
91 |HSIO 870. 750 270, 200, 180, 150, 55, 40 M25

92 |H558-559 300, 660, (530) 160, 110, 70, 27 M48

93 |H386 (8401, 630, 550 440, 400, 260, 155. 130, 100. 65 Not homology
94 [HI62! 850, 750 370, 230, 200, 50 MSR

95 | 2433029 650 225,160,120 5T3

96 (2450005 T80 440, 300, 230, 180 M74

97 |SP71 870.750 270, 200, 180, 150, 55, 40 M25

98 |SP89 (860), 770, (640} 350,320, 190, 130, 110 M3i3

99 (J0A 1230, 1080 (350), 260, 175, 140, 115, 55, 35, (30} Not homology
100 | U285 570 450, 110 5T4

101 | GO4 800, 660, 530 160, 110, 70, 27 M48

102 | ARF4 1500 400, 130, 80, 50, 30 5T9

103 |H333 (960). 820 700, (140), 110 M73

104 [H413 1150, 1000, 840 300, 250, 200,140, 120, 85,37, 27 Mi

105 [6A 1200, 1050, (860} 590, 180, 55, 40 M22

106 | 15A 650. 500 350, 300, 180, 130, 90, 50 Potterd |
107 [22A 470 470 M77

108 |35A 650, 500 350, 300, 180, 130, 90, 50 Potterd |
109 [41A 870, 700 (300), 230, 200, 140, 120, (50) Moo

110 [42A% 650, 500 350, 300, 180, 1306, 90, 50 Potierd 1
111 |ddS5A 1150, 1000, 840 300, 250, 200,140, 120, 85, 37, 27 Ml

112 (48 (960), 820 700, (140), 110 M73

113 |49A 1150, 1000, 840 300, 250, 200,140, 120, 85, 37, 27 M1

14 | B55 1150, 1000, 840 300, 250, 200,140, 120, 85, 37, 27 M1

115 |59A 840, 700 250, 210, 200, 175, 145, 50, 40 Not homelogy
116 |69 11350, 1000, 840 300, 250, 200,140, 120, 85, 37,27 M1

117 |62 950. 820. 610 600, 85, 70 ST8

118 |65 1200 250,110, 70,45, 35,26, 1% M55

119 (66 (780). 630, 480 240,180, 155,115, 100, 55 Not homology
120 (67 350, 820, 610 600, (250), 85,70 STR




- . o i v
A1 1 HAAIVHIAYOL PCR product #az¥ua1ufi1d91nn136n PCR product A0 restriction enzyme Aful

No. |GAS Strains Stze tbp) of PCR product Size (bp) of PCR product cut with Alu | PCR-RFLP homology to
121 |70 (850, 7201, 570 570, 400, 150, 120 Mll

122 (72 1150, 1000, 830 300, 250, 200,140, 120, 85, 37,27 Mi

123 |74 1150, 940 160, 140, (115}, 100, 70, 50 Not homology
124 |75 700,570 250, (180), 160, 120, 70, (55) Mgl

125 |78 {850, 720), 570 570,400, 150, 120 M1

126 (79 1200 250, 110,70, 45, 35,26, 18 M55

127 |80 11500 1000, 840 300, 250, 200,130, 120, 85,37, 27 Ml

128 |R1A (RS0 7200 870 570,400,150, 120 M1l

129 |85 {850, 7200, 570 570. 400, 150. 120 M)

130 |87 Yau. 76U 680, 590, 180, (55, 40) M22

131 |88 (960), 820 700.(140). 110 M73

132 190 700 220,150 M44

133 [J41A 1150, 1000, $40 300, 250, 200,140, 120, 85, 37,27 Mi

134 (93 700, 570 250, (180}, 160, 120, 70, (55) M81

135 | 101 650, 500 350, 300, 180, 130, 90, 50 Potter4]
136 | 119 750, 600 250, (180), 160, 120,70, (55) MBI

137 1191 700, 570 250, (180), 160, 120,70, (55) ME1

138 | 392 650. 500 350, 300, 180, 130, 90, 50 Potterd |
139 (393 550 350, (2800, 230, 160. 80 M9

140 (400 700. 570 250.(180). 160. 120, 70, (55} MBI

141 | 401 (%30, 7201 570 370, 400, 150, 120 M

142 | 402 (850. 7201, 570 570, 400, 150, 120 Ml

143 j403 650. 500 350,300, 180, 130,90, 50 Potterd !
144 | A404 1180, (970) 160, 140,(115), 100, 70, 50 Not homology
145 | 406 840, 700 250, 210, 200, 175, 145, 50, 40 Not homology
146 | A407 1050, 900, 800 540, 480, 310, 260, 230, 200, 105, 65 M74

147 | A410 1050, 900, 800 540, 480, 310, 260, 230, 200, 105, 65 M74

148 |418 650. 500 350, 300, 180, 130, 90, 50 Potterd |
149 | 825 1150, 1000, 840 300, 250, 200,140, 120, 85, 37, 27 M1

150 |S178 1150, 1000, 840 300, 250, 200,140, 120, 85, 37, 27 Ml




ATTHNA [ UTAIYH TR0 PCR prodact U2 FUTTUN 1A 1I0ATIAR PCR preduct 3% restriction enzyme .4/ul

1 { i
Na ‘G.-\S Scams | Swzibpiof PUR produa . Siz= (bpl ot PCR product cutr with Afu ] PCR-RFLP homelogy to

:sﬂ S204 | 650. 500 | 350.300. 150, 130.90. 50 Pogerdl

152 ]Sé:-: B S 350,300, 180, 130, 90. 50 Poaers!
153 | 5675 830, s 1‘ 3500300, 180, 130, w0, 50 Powrert |
ts4 | sps | 823, Seu | 330,300, 18y, 130,90, 50 Poter 1
155 |sPisa ' B30, 350,300, 150, 130,50, 50 _ Pogers1

136 | SPALS 830, M) 35003000 E8), 130,90, 20 Pogers4l

157 |spits | i ; 320,300 230, 150, 100, 80 Not homology
155 | DuTs ' §30. Son) ' 130, 300, 180, 130, 30, 50 Pomersl

4
<

020 | [ 3] ERS R ks T K0 R Y MIZ

]
1820 ]-_'vé.i.-\ R oy S 10, 39, 30 Not bomoloezy

161 | tsa ' | 310,125, 110,99, 0. 50 M2

162 |0a5A S 23 emil) 230 163 13350 Not homwology
; T
a3 | P33 B3, Ju FE, Nk 80 1380 50 Pogert]
' |
16t | Pl [ Al S0 329 230, 125, 100, Y Not komolozy
|
' [
165 |34z TiSd, [ieal s w239 20D 140, 120085537027 | M1
{ !
I6e | DTTOSI yig. slu el i) 1230, 1700, 33, 70 |‘ ST

187 | DTG 374 39,110 ST

183 | DITas VESG, Do, s 300250, 200,140, 120, 8557, 27 MI

163 ‘ DTTCE =i} 220,130 Mz

170 ! DTTO93 470 170 MTT

1 ]

7L ‘D‘TTIOT Tin} 2200150 Nt

172 | DITLLG ' g a0 | 330. 130, 30, 30 Not homology

i73 l DTTII2 940 I 300, 290, 90 Not homology

234iTn e 150,170, 110. 90, 70. 30 Not homology

1
173 t26un Te) 220, 150 N

=& tudIn IR AT} 260, 120,

53.33.30.10 MTL
[ 177 (133 P LA, G 330, 130, 20,30 Not homology

T3, 600 230, 0180}, 160, 120, 70, (35) MS1

179 |A16 1300, 1100 200, 140 Mt

130 | A3.6 S0 (310), 220, 150, 120, 100 N wdl




= = »
AT 1T HaNuuIauol PCR product nazyudiunlasinnisen PCR product AU restriction cnzvme Hlul

No o [GAS Strains Sizevbprot POR product sizethprof POR product cut wath Al | PCR-RELP hoamadogs 1o
[51 |92 1400, 1200, tHa) 230 170 (T A Vo v Ko 38 ol homadogs
P82 [(A74 (920, X200, 720 A0 a0 310 123 Jubh 6s 35 30 N7
f

In3 | 214 370 170 S I

153 [A21 4 TRy A NI TS DA L DR T T S ot homedoy .
1853 |[A17 6 IRIES NV RS RN A I N T R TR R N Y oot homaolog
Ix6 | AL & iy | P70 T, w0, Ta 45 Not bomoiogy
INT [ 7124 Twii) Lan, 1200 100, "0 2545 da 20 Not homeloey
INN | IYA Ry 22400130 N4

IN9 | JTITA R 220, 150 NSE
190 | J19A Y 6O N3 Sut homolops
9l )22 ESLY ‘ GO NS | Nk hTIﬂ]UlUE"\
192 | J36A L9600, 824 ; FOO A0 10 | NMTA

Note * aauluIdldy = w1999 PCR product 1149711UL U84 band bUTODN

<

Not homology = pattern fil6 lif34rU standard strain Fiilag

t
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FPCR product cut with Alu |
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PCR product uncut PCR product cut with Alu |
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d 4 1] o
A1514991 2 UWARIIUNATR PCR product wardudiunlaainnisan PCR product mag restriction

enzyme Alu | WAZHANTITUT M type #3898 PCR-RFLP

Number [GAS Strains PCR product uncut (bp) PCR product cut with Alu 1 (bp} M type
| Al 1100, 950 400.280, 200. 140, 120, 85,47, 37. 27 I
2 5744 1130, 1000, 340 300, 250, 200,140, 120, 85, 37,27 l
3 5219 1150, 1000, 840 300, 250, 200,140, 120, 85, 37, 27 !
4 S19 F150. 1000, 840 300, 250, 200,140, 120, 85, 37, 27 1
5 H413 1150, 1000, 840 300, 250, 200,140, 120, 85,47, 37. 27 !
6 n45A 1150, 1000, 840 300, 250, 200,140, 120, 85,47, 37,27 1
7 49A 1150, 1000, 340 (300}, 250, (200,140, 120, 85,47, 37, 27 ]
8 B35 1150, 1000, 840 (300), 250, (200),140, 120, 85, 47,37, 27 1
9 69 1150, 1000, 840 300, 250, 200,140, 120, 85, 47. 37,27 |
10 72 1150, 1000, 840 300, 250, 200,140, 120, 85,47, 37, 27 i
11 80 1150, 1000, 840 300, 250, 200,140, 120, 85, 47, 37, 27 1
12 J41A 1150, 1000, (340) (300), 250, 140, 120, 85,47, 37,27 1
13 S25 [ 150, 1000, 310 300,250, 200,140, 120, 85, 47,37, 27 1
14 S17Y LSO, 1000, 840 300,250, 200,140, 120, 85,47, 37,27 !
15 1424 L1550, 1000, (330) (300), 250, 140, 120, 85,47, 37, 27 !
16 DTTO65 1150, 1000, 830 300, 250, 200,140, 120, 85, 47, 37, 27 1
17 20 650, 500 350, 300, 180, 130, 90, 50 Potierd 1
18 5122 650, 500 350, 300, 180, 130, 90, 50 Potterd |
19 S665 650, 500 350, 300, 180, 130, 90, 50 Potterd 1
20 0426 650, 500 (350, 300), 180, 130, 90, 50 Potterd |
21 S578 650, 500 (350, 300), 180, 130, 90, 50 Potterd]
22 S431 650. 300 350,300, 180, 130, 90, 50 Potterd
23 S330 650, 500 350, 300, 180, 130, 90, 50 Potter4|]
24 S182 630, 500 350, 300, 180, 130, 90. 30 Potterd ]
23 S14 630, 500 3500300, 180, 130, 90, 30 Potterd |
26 15A 630, 300 350, 300, 180, 130, 90, 50 Potterd ]
27 35A 630, 30u 350,300, 180, 130,90, 50 Potier4]
28 42A0 650, 500 (350, 300), 180, 130, 90, 50 Potter4 |
29 101 650, 500 350, 300, 180, 130, 90, 50 Potter4 |
30 392 630, 500 350, 300, 180, 130, 90, 50 Potter4 ]




al ~ ' =l ar
AN 2 WARIBUIRBBY PCR product Waz3ud1uAlA’ nn1$6mn PCR product Mgl restriction
enzyme AU | WRZHANTISUT M type R85 PCR-RFLP

Number [GAS Strains PCR product uncut (bp) PCR product cut with Alu 1 (bp) M type
31 403 650, 500 350, 300, 180, 130, 90, 50 Potter41
32 318 630, 500 350,300, 180, 130, 90, 50 Potterd
33 5204 650, 300 350,300, 180, 130, 96, 50 Potterd |
34 5632 650, 300 350, 300, 180, 130, 90, 50 Potterd ]
a5 5676 630, 300 350, 300, 180, 130, 90, 50 Potterd ]
36 SPX (30, 00 330, 300, 180, 130, 90, 50 Potterd ]
37 SPI15A G50 300 350,300, 180, 130, 90, 50 Poulerd |
a SPALSI 050,300 350, 3000 180, 130,90, 50 Potterd 1
39 |TuTe 050, 50U 350, 300. 180, 130, 90, 50 Potterd |
10 AI2 1250 320,250, 190, (165,120, 90), 80, {60), 40 12
41 K17 1250 320, 190, 120,90, 80, 60, 40 12
42 M3y 850,750 750,370, (2303}, 200 58
43 H1621 N30, TS50 370,230, 200, 50 58
44 M75 TOO S 180, 140, 104, 50 75
45 3N TO0, 8200 180, 140, 100, 50 75
46 64 700, (600) 294, 190, 120, 100 70
47 5546 700 4GOD) 290, 190, 120, 100 70
48 HY 73 600 230,018,160, 120, 70, (55) 81
49 P157 Tou, 370 23000180 160, 120, 70,(35) 81
S0 75 TUt 370 250, (1803 160, 120, 70, (55) 81
51 93 700,570 250, (180), 160, 120, 70, (55) a1
52 119 750, 600 250, 0180), 160, 120, 70, (55) 81
53 191 700, 370 250, (180). 160, 120, 70, (55) 81
54 400 700, 570 250, (180), 160, 120, 70, (55) 81
55 P63 650 225,160,120 ST3
56 P378 650 225,160, 120 ST3
57 P47 650 225,160, 120 ST3
58 2433029 650 225,160, 120 ST3
59 AG (850, 720), 570 570, 400, (150}, (120) 11
60 Al (350, 720), 570 370,400, {150}, 120 I
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M99 2 dAeITUIfnUeY PCR product wardudaunlasnnisan PCR product M2 restriction

enzyme Alu | WATHANITNT M type A9t PCR-RFLP

Number |GAN Strains PPCR product uncut (bp) PCR product cat with Alu 1 (hp) M nype
61 Tous INS), 7200, 370 370,300, 150,420 11
62 70 (850 7200, 370 S70. 400, 1750, 120 I
63 78 (830, 720, 570 570,400,150, 120 11
64 85 (830, 720, 570 570,300, 150, 1240 11
65 402 (&30, 7200, 570 570,460, 150,120 L
66 M73 (900), 820 TOH (140) 110 73
67 H333 (900). 820 TOU, (1400 110 73
68 48 (9601, 820 7400, 0140, 110 73
69 &8 (961)), 820 700, (2500, (140),. 110 73
70 JI6A (900, 820 00,0040, 110 73
71 M25 K74, 750 500,300, 350, 270, 200, 180, 150, 53,40 25
72 42 K7 750 270, 200, 180, 150, 55, 40 25
73 159 R70. 750 270, 200, 180, 150, 55, 40 25
74 P26 870,750 270,200, 180, 150, 55,40 25
75 P40 270, 750 270, 200, 180, 150, 55,40 25
76 P43 870,750 270, 200, 180, 150, 55, 40 25
77 P1O4 870, 750 270, 200, E80, 150, 55, 40 25
78 P168 370,750 2740, 200, 180, 150, 55 40 25
79 P309 870, 750 2700 200, 180, 150, 55,40 25
8O H510 870,750 270,200, 180, 150, 35 40 25
8l SP71 J70, 730 270, 200, 180, 150,55, 40 23
82 63 700 220,150 14
83 AldS T 220,150 44
84 J63A T 220, 150 34
85 P318 7o 220, 130 44
26 P44s “Ou 220,150 44
87 90 0 220, 150 44
88 DTTusY 700 220,150 34
89 DTTL107 700 2200150 34
90 2611w 700 2200150 14




b ¥ I ) ar
AT919N 2 WARITUIALBY PCR product WazBUdIUNLIAAINN1TAR PCR product mag restriction

enzyme Alu | WRTHANITUT M type #a83f PCR-RFLP

Number [ GAS Strains PCR product uncut (bp) PCR product cut with Alu 1 (bp) M type
g1 Al 6 HEY 220,150 44
T 10 “0n 220,150 44
Y3 A R 220,150 44
94 K16 2T A50, 1) ST4
a3 b3 S0 50116 ST
Y6 [N L SESPRRRIY: ST4
o [N s JS0 0 ST4
A [ S 430,120 ST4
Yy D1 1o S0 450,120 ST4
140 AR s N2 o 6UD 250, 1 T0), 8A 70 ST
111 Jo5 A RN TR B GHD (230, [ 70), 85,70 ST
[z Pl G0 S 20 GUO 250 170y, 85,70 STa
foa 2 U SRR OO0 XS T STR
P [t A ST G0 G {250), 85070 STs
103 DT 1o SR aZo el BN 2SO 170N 8570 ST
[ 36y 65 [ 2o 2300010 To 45 35, 26018 55
107 Y P e 2300 Lo, Ta 43035 2A, I8 )
JRERY F1200 Sl TR0 2N, 230160, 80 49
Loy Ny AR AS0CCIN 230 ey, XD 39
Y A - ~"T PAS0 230 [ 6, XU Y
Il AS R - .i':l S50 210, 20a 30 5 03 3
12 pyos SUHE Gt 55 6o o, 7o, 27 EEN
113 HAAR-5549 NUKT it (53 loo, 1o, 70, 27 B
114 [§1¢5! SO0 ank 33D 6o, o, 70,27 48
1is hS TS NT0L Ton 300 230, 2000 146G, 120,450) 66
116 A1A KT, Fon (X000, 230, 200, 140, 120, (5 o6
117 H1d0 NI To0 270,160, 100, 60, (40, 35, 23 STLO
1% AR 70, T00 270, Tat, 100, 60, 0, 35,23 ST10
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M99 3

sequencing

BAAINT YIS HINEUHANISNAaaISsHI1IIS PCR-RFLP Ay  DNA

GAS Strains ‘ PCI-TFLP homology to | DNA sequencing homology to
A1l ‘ M1 M1
S744 | M1 M1
5219 | M1 M1
H413 | M1 M1
845A | M1 M1
69 M1 M1
JA41A M1 M1
JA42A M1 M1
A9 M1 1 M11
A11 M11 M11
TOO6 J‘ M1 M11
70 M1 M11
78 M11 M11
81A M1 1 Mi1
85 M1 M11
401 M1 M11
402 ‘ M11 M11
65 ( M55 M&5
79 | M55 M55
393 M49 M49
M3 M3 M3
M12 l M12 M12
K17 M12 M12
020A M12 M12
B6A M22 M22
87 M22 M22
M2 M25 M25
42 M25 M25
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GAS Strains | PCR-RFLP homology to | DNA sequencing homology to
P26 M25 M25
P127 M48 M48
HSD 5-0509 M48 M48
GC4 M48 M48
H1 " M58 M58
Z MGEE MBE6
E' M73 M73
E‘ M73 M73
8—9 a M73 M73
38 M75 M75
E M77 M77
DY ¢ M77 M77
; M77 M77
“[; - Not homology STH1
E S5T4 ST4
_E ST4 ST4
_AT’ B ST7 ST7
?i ST8 ST8
? B a ST8 5T8
E N ST8 ST8
—l; . 5T8 ST8
;’ ! ST9 ST9
?C‘ _ M44 Md44
? Potter 41 Fotterd
o Potter 41 Potter41
? Potter 41 Potterd
?L Potter 41 Potterd41
? M8 M8
; ’ M81 B
—;{ B M31 M&1
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GA"~ S'rains

PCR-RFLP homology to

DNA sequencing homology to

93 M81 M81
11 ‘ M81 M81
:au M81 M81
- R ) M8&1 M31
P&3 ST3 ST3
P37 ST3 ST3
pa-” "ot homology STBSA29
Af Mot homology ST4532
?—‘ Mot homology ST 4532
;k Mot homology ST 4532
"lot homology ST 4532
B Mot homology TR2612
) "lot homology 573018
) “lot homology ST3018
s i lot homology ST3018
B “'nt homology ST3018
: ‘0t homology PT2841

"'t homology

M protein precursor U92492.1

Mo

“1nt homology

M protein precursor U92492 .1

T ToTalsTeT=TsTelal=TsTRlg[gTnlTelelz]
: L

“Int homology M protein precursor U82492.1
" ~1 homology M protein precursor U92492.1
"st homology M71
=1 homology M71
"ot homology M7 1
1005 “'nt homology M74
-? "t hamology M74
_ t homology M33
B t homology M33
t homology STG735
“'nt homology M53

N-*e: Not homology = ~attern rlalaias9ny standard strain ﬁﬁag
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A9 4 HACIHANITIIN M typing lasanduwannis PCR-ELISA naaaulauly M

type wwerr g Tunas hybridize

;f coat | probe 0.D. (405 nm)
A8 A8 242
A8 A18 0.25
A18 A18 1.86
A18 A8 0.27
S744 S744 1.72
M24 M24 1.63
65 65 1.37
3R 3R 1.13
M3 M3 1.27

ARF3 ARF3 1.32
ARF4 ARF4 1.49
ARF15 ARF15 2.56
DTT110 DTT110 1.45
59A 59A 2.92
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a [T T
AFIIN S 1T TGN T IS HAWIILMNIEANT DY PCR productolunﬁ coat adlu

ELISA platz ¢

z hybrid.z2

Sxpariment !

c~ "t A1 proteat 200 ng well 100 ng/well 50 ng'well 25 ng'/well

.. 7z _ <3 HEE ~Z3 1.1493
AR R oo T2 1284

.2 22 BT . 333 0,799

R Dasl Talz M 0308
I

L

1 230 ngweall 179 ng well

50 ng/well

25 ng/well

2 < 230 O.cdd
=23 - 233 04835
ooz .22 2.303 0.245
.?.:3 27 BRI 0.120
.. "

3 200 ng well

10

ng well

50 ng/well

25 ngrwell

T4 Dozl 28 0.o12
Jctd SId 2487 0.391
JIT ST 4212 Q.20
. =t ¥ES J.139 C 133

454
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A1519N 6 naninanITin M typing lasaldarnannis PCR-ELISA nagaulasly

M type 1@811 AT @19 1 tune 14N hybridize

Experiment 1

coat 200 ng ~ell probe 200 ng/well | O.D. (405 nm)
_ A Al 1.5265
PR A1 1.602
A?j Aig 1.475
) Al - A1 0.874
A18 0.545
S Al 0.945
A3 A1 0.7985
Blank 0.1

-

Twperimont

~at 207 . ol probe 200 ng/well | O.D. (405 nm)

E Al 16175
B A1 143
- A3 1.449

~ - A1 0.7775

) . A18 0.444
- £ 0.904

o ) A 0.717
N - B! -1k 0.2
o 1 0.299

ya . i Al 0.617

r Al 0.446
o £ 0.588
- A 0.221
£l 0.248

—F RIS Bl-nk 0.1785




4:1 @ a o g
@159N 7 UAINAATST I M typing lauoduWaNn1s PCR-ELISA nadaulanls

M type LAYIT ARSI tyne Twnns hybridize

Evperiment 1

| roat 200 ng | probe 200 ng O.D.(405 nm)
A1 | A1 1.3745
Al Atld 2177
: AP | A18 17885
AT | A11 0.8325
A | A18 0.567
A A1 0.7955
L A1 0.5245
R BLANK/A1 0.097
Y A1 0.417
| A7, A1 0.608
 anp A1 0.867
R A1 0.966
I AT 0.335
R A1 0.458
Y A1 0.693
2 A1 0.428
o A1 0.441
S A1 0.4
L A1 0.748
B A1 0.721
- A1 0.54
o A1 0.501
o A1 0.572
o A1 0.574
- Al 0.656
o A1 0.444
i B A1 0.79
I A1 0.441
. At 0.606
B A1 0.871
- A1 0.736
L A1 0.806
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Tanoriment ?

cont Tl o probe 200 ng ©.D.(405 nm)
h A 1.3745
o s
N A18 17885
7 A1 0.8325 f
-~ A18 0.567 j
Al 0.7955
7 _ Al 0.5245
. N BLATIKIAT 0.097
A8 0.952
A18 0.633
o A18 0.831
F A8 0.548
. ;18 0.413
N £18 0.458
18 0.524
18 0.567
A18 0.551
. A8 0.6
A18 0.579
18 0.517
18 0.527
~18 0.565
7 r 18 0478
A18 0.713
' A18 0.597
o A18 0.635
~18 0.663
o ~18 1.493
~18 0.558
o o 18 0.577
A3 0.569
o A18 0.789

[
fail



Taoserirment 3

chat T dng  probe 200 ng 0.D.(405 nm-)_
- A ! 15075 |
] ISE | 2 283
- o A18 | fesas
. ) AT 0836
. o A18 0 7405 *
B A1 07225
AT 06325 ﬁ
N BLANK A1 | 0 099 !
o - AR | 0597
- AK 1 0 448 i
- - AK1 1435 .
AK T 1.066 ,
) AK 1 0843 |
AK 1 0.945
AK 1 0.642
o AK 0.53
L AK1 0.567
AK 1 049
t AK 1 0.7
AK 1 0.651
AK 1 0676 |
AK1 0.86
. AK 1 0793
j AK 1 0717
| AK T 0 836
E ‘ AK1 ; 0.58: !
. AK T | 0 65¢ |
AK1 | 0.702
o B 3 AK 1 077¢ \
o B AK 1 0 890 |
AK 1 2178
AK T 080! !
o AKT 07E-
- AK 1 | 0.60

AR 0 6%s
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Rapid molecular typing of the group A streptococcal M protein gene in Thai

isolates

NONGLAK YOONIM', NOPPORN SITTISOMBUT', CHULABHORN
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Department of Microbiologyv' and Department of Pediatrics™. Faculty of Medicine, Chiang
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A polymerase chain reaction (PCR)-based protocol was developed for molecular typing
the M protein gene (emm) of group A streptococcus (GAS). The N-terminal region, including
the A- and B-regions. of the ennn gene from several GAS isolates was amplified by PCR prior
to digestion with the restriction enzyme, Al [. PCR products were then resolved by
polyacrylamide gel clectrophoresis. Using this protocol, 14 known GAS M types revealed
different restriction fragment length polymorphism (RFLP) pattems. Of ninety nine GAS
isolates examined trom the nonmal Thar population and from patients with GAS-associated
complications including rheumatic heart disease, all gave RFLP patterns that corresponded to
the 14 known M types. Furthermore, sequencing of several of the M genotypes confirmed the
RFLP data. Thus, this PCR-RFLP protocol has the potential to be a powerful tool for the rapid

screening of GAS enim types.
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Streptococcus pyogenes or group A streptococcus (GAS) causes several diseases
including necrotizing tascnus and the postinfectious sequelae- rheumatic fever (RF),
rheumatic heart discase (RHD)., and acute glomeruloncphritis (10). The GAS surface M
protein 1s known to prevent opsonophagocytosis and i1s an important virulence factor in GAS
infection. The N-terminal region of the M protein is highly variable between different GAS
strains and contains a lype-specific moiety that i1s recognized by specific typing antisera in the
precipitation test (10). However, there are several difficulties with the classical M serotyping
method, including ambiguities in the results, the emergence of new M types and difficulties in
the preparation of high titer antiscra for all of the known scrotypes. Therefore, serological
typing is currently only used v a few Intemational Reference Centers worldwide. Many GAS
isolates are also N nontypceable, either because of a lack in M protein expression or the
unavailability of speailic tvping antiscra. As a conscquence, there has recently been an interest
in the development ot alternative methods tor M typing utilizing molecular technologies.

DNA analysis has been used for GAS M typing, including restriction fragment length
polymorphism (RFLP) analysis of total DNA (3, 5, 23), nbotyping (3, 23) and DNA-RFLP
analysis with rarcly cutting vestriction endonuclecases coupled with pulsed-field gel
electrophoresis (PFGE) (8. 24). These techniques can differentiate between strains with
different M serotypes and also epidemiological distinct strains within a specific M serotype.
Multilocus enzyme clectrophoresis (MLEE) 1s a valuable method for the differentiation of
species of pyogenic streptococci and the estimation of the genetic relationships between them
(2, 13, 17). Random amplified polymorphic DNA (RAPD) (22) analysis is faster, technically
easier, and more economical than RFLP. PFGE, MLEE and ribotyping methods for M typing.

Oligotyping usecs oligonucleotide probes corresponding to the N-terminal sequences of
the emm gene (14, 15, 18) and provides an excellent tool for reliable strain identification.
PCR-enzyme linked immunosorbant assay (21) is based on the hybridization of labeled emm
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gene PCR amplicons o type-specific capture oligonucleotides. This method is very accurate
and has a high specificity. Vir typing is based on PCR amplification of the Vir regulon of GAS
(11, 12) and PCR-RFLP analysis uses PCR to amplify the gene encoding the M protein (8, 19,
25). PCR products from both methods are subsequently digested with restriction enzymes and
analyzed by agarosc gel clectrophoresis. Oligonucleotide probes have been used as
oligonucleotide prumers for PCR amphbfication of the N-terminal region of the enumn gene (PCR
M typing) (20). The advantages of these methods are that they are relatively easy to perform,
highly discriminatory. reproducible and they allow unambiguous interpretation of the results
generated.

Sequencing of the M protein gene (1, 4) is particularly useful for distinguishing
between strains within a given serotype and for differentiating among isolates that possess the
M protein but are nontypcable by classical serotyping. Fluorescent amplified-fragment length
polymorphism (FAFL.P?) analysis is a novel PCR-based technique, which has been used for
GAS DNA fingerprinting (0. 7). This method uses the automated sequencer and software in
terms of data capture and quality. [t requires no prior knowledge of DNA sequences and
potentially offers high discriminatory power and speed. Recently, multilocus sequence typing
{MLST) has been developed for GAS typing (8. 9). It has a high resolving power and can
discnminate among isolates of a single emm type.

Each of thesc mcthods holds promise as a potential alternative to conventional
serotyping. However, they can have limitations depending on the principal of each method.
For example, some mcthods are time consuming, labor intensive, and subject to experimental
variation leading to difficulties in the interpretation of data. These limit the ability to rapidly
evaluate large numbers of strains. Furthermore, some methods cannot differentiate between all

M serotypes. In addition, some mecthods require expensive instruments and reagents.
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In Thailand. greater than 80, of GAS strains circulating in the population are M
nontypeable by conventional M serotyping (20). It is well established that the accurate
identification of GAS s an cssential ool n studies relating to the epidemiology, prevention,
disease pathogenesis. and therapy of streptococcal infections. However, the most appropriate
method of GAS M typing. particularly in less affluent countries, has not been devised.

The purposc of this study was to analyze the N-terminal A- and B-regions of the M
protein gene (emn) of That GAS i1solates using a polymerase chain reaction (PCR)-RFLP
protocol. PCR products were digested with an appropriate restriction enzyme and the
fragments analyzed by polvacrvliamide gel electrophoresis (PAGE). We chose to analyze these
regions becausc A-rcaton is highly variable among M serotypes and B-region is also variable,
whereas C-region 15 highlyv conserved. This method should prove useful for GAS M typing in
areas where GAS we endemic and in which the majority of isolates are M nontypeable by
serotyping. The datu obtained trom this study will be useful for epidemiological studies and
vaccine development.

Bacteria: Fourtcen known GAS M serotypes and 99 strains of GAS isolated from the
normal Thai population. patients with sore throat, rheumatic heart disease or impetigo from
1985, 1990, 1995 and 2000 were mcluded in this study.

DNA isolation and PCR: DNA was isolated from GAS based on the method
previously described (20). The sense primer, 5> CAGTATTCGCTTAGAAAATTAAAA 3, 1s
derived from the leader sequence of the M protein gene (16). The antisense primer, 5’
CCCTTACGGCTTGCTTCTGA 37, is derived from the C-repeat region of the M protein gene
(20). These primers were also usced for sequencing analysis.

The PCR conditions were as tollows: denaturation at 94°C for 30 s, annealing at 45°C
for 30 s, and extension at 72°C for 2 min for 35 cycles. The PCR products were partially
purified by ethanol precipitation prior to quantitation and digestion with the 4/ 1 restriction
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enzyme according o the manufacturer's specifications. Digested PCR products were separated
on a 15% polyacrylamide gel in 89 mM Tris (pH 7.0), 89 mM Boric Acid, 2 mM EDTA and
compared to the undigcsted emn amplicon and the 100 bp standard marker following staining
with ethidium bromude.

DNA sequence analysis: PCR  products were sequenced using the ABl Dye
Terminator Cycle Scquencing Ready Reaction Kit according to the manufacturer's instructions
(The Perkin-Elmer Corporation) and analysed using an ABI 310 automated sequencer (The
Perkin-Elmer Corporation). DNA scquences were transferred to the DNASIS program for
sequence comparison between isolates. The BLAST 2 program (NCBI) was used to determine
the levels of DNA homuology with published sequences in the GenBank database.

PCR-RFLP analvsis: PCR-RFLP measures restriction fragment length polymorphism
within the N-terminus of ¢oum gene. Based on the variable of this region that encodes N-
terminus of M protein. PCR amplification of this region and then digestion with appropnate
restriction enzyme should give different digested fragment patterns among GAS. Based on the
emm sequences deposited in GenBank database and the analysis using restriction mapper
program {(swww.ro~ o o oo owe chose a suitable restriction enzyme, Alu I, because
almost all of these scquences contained at least one A/ I site in different positions in their
sequences. Therefore, the /w1 digestion was likely to give different digested fragment
patterns among GAS M types.

In total, 113 GAS 1solates were studied by PCR-RFLP. When the A- and B-regions of
emm gene from 14 known GAS M serotypes were amplified, resultant amplicons consisted of
one to three bands. which varied from approximately 500 to 1200 base pairs (bp) depending
on the M types and the GAS strains (Fig. 1). Faint multiple bands and/or bands longer than
1500 bp were considered non-specific PCR products as we used low temperature for the
annealing step. The amplicons of 14 known GAS M serotypes could be divided into ten
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different patterns because some M tvpes resulted in enn amplicons of similar sizes. For
example, M49 and 514 (Lane 3 and § 1 Fig. 1), M44 and ST3 (Lane 10 and 13 in Fig. 1), and
MS81 and MO66 (Lanc 12 and 14 1 Fig. 1) were indistinguishable. After digesting with Afu I,
however, the 14 known GAS M serotypes gave 14 different RFLP patterns of two to nine
distinct fragments. which ranged from approximately 25 to 700 bp (Fig. 2). The sizes of the
amplicons and their /i | restricted fragments are summarized in Table 1. Similar analyses
revealed that .{/u | RFLP patterns of the emm amplicons from 99 unknown GAS samples
corresponded to the 14 known M types (Fig. 2). The number and percentage of the 1solates
that corresponded to the known M types are shown in Table 1.

Confirmation of the M tvpe desienation by PCR-RFLP pattern was performed by DNA
sequence analvsis. \We sequenced 7 unknown isolates of M1-RFLP pattern. 8 isolates of M11-
RFLP pattern. 2 isolates of MI2-RELP pattern, 2 isolates of M25-RFLP pattern, 1 isolate of
M44-RFLP pattern. 2 1solates of N48-RFLP pattern, | isolate of M49-RFLP pattern, 1 i1solate
of M66-RFLP pattern, 2 1solates of M73-RFLP pattern, 6 isolates of M81-RFLP pattern, 3
isolates of Potterd|-RFLP pattern. | isolate of ST3-RFLP pattemn, 2 1solates of ST4-RFLP
pattern, and 4 isolates of STS-RFLP pattern. In every case the 57 scquences of the amplified
products revealed u pertect correlation between PCR-RFLP designation and M type based on
DNA sequence analvsis.

For decades scrotyping has been the method of choice in epidemiological studies of
GAS. However, serotvping is not straightfonwvard, time consuming and it is often difficult to
produce high titer N (ype-specitic antisera, Therefore, 1t 1s imnted to a few laboratories in the
world. To overcome these limitations. various genomic typing methods have been developed
(2,3, 11,12, 14, 15,18, 21, 22, 23, 24). Recently, a PCR-RFLP analysis of enun genes was
reported (25). The results of the study showed that the RFLP patterns of the emm gene
amplicons after PCR amplification and digestion with Hae 111 restriction enzyme were easier
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to analyze than RFLP analysis of total DNA and ribotyping. PCR-RFLP analysis also revealed
different RFLP patterns among GAS isolates with the same M type. Therefore, it could
potentially be used to differentiate among isolates with the same M type that may originate
from different geographicul locations or populations.

In this study. we upphed PCR-RELP analysis for the GAS M typing of Thai isolates.
PCR products derived trom the amplilication of the N-terminal region of the emm gene and
digestion with A/te | produced different RFLP patterns among several different M types. The
PCR-RFLP anatysis wus used to idenufy the M type of GAS isolated from the normal Thai
population and from paticnts with vartous GAS-associated complications. All of the isolates
could be typed (Table 1). These results showed that Potterdl GAS was the most common GAS
strain isolated from the population studied. When the specificity of the PCR-RFLP protocol
was determined by scquencing of the N-terminal region of the enun gene, the PCR-RFLP
designation was in coniplete agreement wiath the sequencing data. In comparison with other
genotyping methods buscd on RFLP analysis, the PCR-RFLP protocol used here has some
technical advantagces. Only one pair of PCR primers are required for the amplification of all of
the GAS isolates. und the digested PCR products can be discriminated using ordinary
polyacrylamide gel clectrophoresis which is easy to perform, interpret and is less time
consuming. In additiun, compared with sequencing analysis, the PCR-RFLP protocol is
technically less demanding and more cconomical. Therefore, with this simple protocol, GAS
typing can be used in any luboratory i which PCR is routinely used, and is particularly useful
for typing large numburs of GAS isolates.

In conclusion. PCR-RFLP analysis is a rapid and practical genotyping method for
determining the M type ol GAS. We suggest that this method can be used effectively in GAS
typing, and since only those isolates that give new RFLP patterns would require sequencing
for successful typing. the method is particularly suited to less affluent countries, such as
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Thailand where GAS is endemic. The PCR-RFLP analysis may increase GAS typeability in

the future and prove usctul in epidenuological studies and vaccine development, especially

regarding Southeast Asiu. where the mujority of GAS i1solates are M nontypeable.

[}
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TABLE 1. Summary of the sizes of PCR
products and their A/itl restriction fragments and

distribution of the Y9 GAS isolates studied TABLE 1. (Continued)
M type Sizes of Sizes of No. (%) of M type Sizes of Sizes of No. (%) of
PCR product restriction strains from PCR product restriction strains from
(bp+SD) fragment PCR-RFLP (bpSD) fragment PCR-RFLP
{(bp+SD) typing (bp+SD) typing
Ml 107847, 354+13, 153 {15.159%) M49 616+50 336422, 2(2.02%)
974+37, 25711, 252+14,
848+45 218-10, 196426,
147 7, 135422,
110 =5, 89+8
8718, Moo 887436, 252+13, 1(1.01%)
474, 729+39 206+12,
37+3, 148+7,
29+4 12346
MI11 854+28, 593+8, 8 (8.08%) M73 928+52, 674+23, 4 {4.04%)
726x14, 434+13, 834+27 108+8
577+27 14749, ME1 913+17, 27343, 7 (7.07%)
117+8 781427, 155+7,
MIl12 1120460 340435, 3(3.03%) 640+28 11347,
116+1, 7015,
9344, 5845
78+1, Potter41 723442, 333+13, 23 (23.23%)
5941, 625+34, 296+15,
51+1 513422 16848,
M25 849+23, 247+ 14, 10 (10.10%) 130+6,
731114 203+10, 93+7,
14847, 5343
S1+4, ST3 700+19 210+14, 3(3.03%)
37+4 1466,
M44 742+19 212+7, PT (11 11%:) 118+7
13346 S5T4 594+8 435430, 5(5.05%)
M48 797+47, 162+11, 2(2.02%) 104+4
685+27 121410, ST8 953455, 596+34, 5(5.05%)
81+8 837433, 87+1,
669+36 2947
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FIG. 1. The size differences of PCR products of the A-.B-region of cmm genes. The PCR products of M1, M1, M49. M12, M25, M48, M73, ST4,
STE. M44, Potterd 1. MK, ST3, and M66 are shown in lanes 1-14, respectively. Lanes 15-18 represent the examples of M1 isclates. Lanes 19-22
represent the examples of M25 isolates. Lanes 23-26 represent the examples of M4 isolates. Lanes 27-30 represent the examples of M&1 isolates.

Lanes M represent 100 bp ladder.

1000 bp M1 23 456 7 M 8 91011121314 M 1516 17 1819 20 2122 M 2324 2526 2728 2930
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300bp
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FIG. 2. Polyacrylamide gel electrophoresis of RFLP pattemns, using Aful enzyme. The RFLP patterns of M1, M1 M49, M12, M25, M348, M73, 5T4,
ST8. M44, Poterdt, MBI, ST3, and M66 are shown in lanes 1-14, respectively. Lanes 15-18 represent the examples of M1 isolates. Lanes 19-22 re-
present the examples of M25 isolates. Lanes 23-26 represent the examples of M4 jsolates. Lanes 27-30 represent the examples of M81 isolates.

Lanes M represent 100 bp ladder.
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