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Abstract

Keywords: pulsed-field gel electrophoresis (PFGE), molecular typing, PulseNet Taiwan

The purpose of research is to build a DNA fingerprint database for clinically important
bacteria for epidemiological investigation. To carry out the goal, protocols for pulsed-field gel
electrophoresis (PFGE) for various bacterial species have to be standardized and analysis
procedures for pattern identification and comparison, a fingerprint database and computer
network system need to be set up. During the period of study, we standardized the PFGE
protocols for nine bacterial species: Shigella spp., Escherichia coli 0157, Salmonella spp.,
Vibrio parahaemolyticus, Klebsiella pneumoniae, Neisseria meningitidis, Sreptococcus
pyogenes, Bordetella pertussis, Legionella spp. We also assemble a gel plug washer. The
washer helped to ease the washing procedures, to save washing time, and to improve the DNA
purity. The restriction enzyme used for each digestion could be reduced to one fourth of the
quantity recommended by US CDC due to good DNA quality. The improvement on the PFGE
operation procedures has resulted in reducing PFGE analysis cost and increasing the
capability to handle large number of bacterial isolates in the laboratory. Moreover, the
reference size markers used in the US CDC’s PulseNet were used here that made the PFGE
patterns comparable with those produced in the laboratories using the same markers and
electrophoretic conditions. BioNumerics software was used to analyze PFGE images and
create fingerprint database, but its functions on database management was insufficient. In
order to store large amount of data and to search and retrieve data via the Intranet and Internet,
a PFGE image file subdatabase, BioNumerics DNA fingerprint subdatabase, and
epidemiological information subdatabase were created using MySQL and SQL sever 2000
database softwares. Two servers were set up for the database and to provide an intranet
website for data processing and an internet website for data requesting from general
laboratories. To date, the fingerprint database has contained DNA fingerprints of 522 Shigella
spp., 4 E. coli 0157, 160 N. meningitidis, 597 S. pyogenes, 385 Salmonella spp., 52 B.
pertussis, 25 V. parahaemolyticus, and 330 K. pneumoniae isolates. The database, improved
PFGE analysis techniques, and computer network will be used to build a laboratory-based
molecular subtyping network (PulseNet Taiwan) for real time surveillance of bacterial
pathogens. This database has already exhibited its usefulness to the epidemiological
investigation on the shigellosis outbreaks occurring on the Bali travel tours and on a family in

an aboriginal village in Eastern Taiwan.
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PRI TR A G AR AR SR B RERE PRI HTL

qu\‘

e e = !

ho FE R BB Y R S FE AR R R A - R AL
Aol Ao ZRARBEAARERFIN 2RSS - b ' B -
BB RASET E RS AR oo FN L 2 5B 0 R hid
*EE DRI N RTRERER S YRR ) R Tk
R F RS RN B S L SREF R LY N T
SEAS S ARt EAE S N e R R EOERT : B
P R R AR R E LR 2 e SRR A BRI (P AR
LSRR E 3 LN A i e i 4. — fF ¢ I Ry
FEYE AL Z 0 BETEET EOLY o

¥ EREZER AT XY A %Y £ PR3 (reference size markers) > —
EYE B?]]i}?s"g #] & PulseNet F 5 5 * 355 EF]PFGE &5 % 2. Xbal mJd2 2 S enterica
servor Braenderup H9812 £ #1428 DNA ® %> - 5 % W& I # #] /& 11 Dr. Tanja Popovic
(Chief, Epidemiologic Investigations Laboratory, Meningitis and Special Pathogens Branch,
DBMD/NCID/CDC)# #2. N. meningitidisM413 gtk Nhel iJdZ 2. 75 #1488 DNA § %7 o =
- RBR AR ST BRI rR Y AR EE 0 2 B A 2 2 PFGE 45 ¥R
oI P RA N G GG AR € S AR 35 SPRGE
Wi 2 5 50 2RIES %iﬂu**ﬂﬁiéﬁﬁwf“%béiﬁﬁi9°

PFGE B 4 47 ¢ 4oim it Ji‘fﬁf]ﬁi\ DNA ;}F] B FaEr VIE RRLE T2
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TORLE & 2 F nRi4E2 — o d Applied Maths 2 @ #75 E B3 4 7 0
f#—BioNumerics » ¥ - B ¥ 4% % # i} Bl ¥ (Fingerprint type) ~ % ik &2 "= AL ik J'J
(Sequences type) ~ Characters type ~ Matrix type ¥ % f&7% )38 7k » 2 £ LT
Zo AR > ¥ Bt @2 (Identification) ~ M4 4 47 (Clustering) ~ 7 & 4 ’}‘r(Dlmensmnlng)
i3t A 47 (Statistical tools) 2o 74 iy 0 » #& & F AL E A % 7 i (Database sharing) > # 3L A
2T A% 2T TS ERT U4 ¥R 2 bundle 58 TR AR @i {:?EP\?— K
Bp 2B %kE o A3 TR PR O P % C P S 3 BioNumerics $48 ab@?ﬁﬁ
2. DNA 4 X BIRE TR ~ PIpc A 5 T AR iEsk & TR o B2 X BioNumerics £
PR BHAL 2 TR rﬁ:f?ey BioNumerics #ic%8 4 s { B¢ * o F] 5
BioNumerics 2 § #6244 Jrf o b B Fota (PR AL 2 FHE S BTHE
o~ BFE 3P fog 1 73 4 MySQL ~ SQL server 2000 # & 3 TR #8872
2 FALRE > Tt ATy (94 BioNumerics 2 2 2. DNA i ¥ Bl 7R - f@ﬁ%f‘]i’: P &
PR E(server) © ¢ MySQL ~ SQL server 2000 % & i FAHEGHE I ot v e
Bl FoR e R B P 5 & 58 P RATHREL 2 m'L?I‘" °
DNA :}F] REBFHFTREFHF A 4725752 7tk DNA Ap X B 3+ Shigella spp.
3 522 $& > N.meningitidis 7 160 & » S pyogenes 3 597 & » Salmonellaspp. 7 385 t& >
B. pertussis 3 52 t& » V. parahaemolyticus 3 25 & » K. pneumonia 5 330 k -
fs* DNA Iy R FTRREEFRFE AR ) 0 5d 1t 551k DNA 4p 2 Bl¥ o
HORFIABR B T T ARRIE PGB T § G R R TR R
TR AR R RCR G R B 2 28 R aIoE A T IR E g AR R
e * mE DNAf RBIHFTHESP AL T E2F 7 E 8PP AFTHE
EHiEAE 0 2 Bt PFGE A s THEFA > AR S ALw AR L mn T F 2 0 b
4 2001-2002 # 5 47 388 & 304 FiE ‘)%]‘)5 T E R FRARSE R 2001 F TR B
B G &ME e W1 FILA A REFE R FIRE L AP L LRI 72 FAAP
e 2001 E e FIRAY D SRR AT E 0 R AFBE rsa;ff»m? =% 7% ;2003 ¢ %
%%ﬁ]‘%gﬁ}i%{%ﬂw FFE P FEEY B SRNE Prifep g 2E 2 o5 B
m%ﬂ11”WW‘“WE&?%ﬁéﬂ4ﬁmﬂ%ﬁieﬁkk%$wﬂ*®ﬂﬁm
b‘.—%ﬁ-}".i > B 7 DNA 4 R B FAL R 2 7 o
cﬁ&ﬂgggﬁémé%ﬁﬁﬁmﬁiﬂ'mmﬁ11Beala%%BAPK;
AGRIE L BE LRGP 14 AT AR FIEARE R R RS G S ?é
BB ME R B ARG AN 10Kk B - A R e d g A5
2 G oRREG IR 0 BBR B A AR R0 o AR 0 20 h %
T4 NS AR A A RLE %1 FILA B S 0] o FHR5 PFGE 2 15 DNA 47
Blaie r FHRECH &8 ARG % - FRAGH AR(E L e )iEs 22 44
B PR A 2 B k3 (clusters A, B) » & 13 ¥ 24p e & (similarity coefficient) & 7
75% > R p > LPLBRATAEAKRIARE T AR BT LR 4mmﬁ

‘T?‘-
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TG A BRR G SRS AT R AREREAR L B ARSI LB X
Fog s m ML 2 kg o B F v iR 4 o AF R DFE R 1998 & P Bl
A | FLA A F S A BDEIRT 40 B o B# O~ 5 B EK T £- DNA
B P ARE R A Ml o d 2t Ssonnel 2 A FIMER T 3 A EE A2
AL AFRETC G AH S %) B 2003 & B2 5 R A fen-
TR A(sh33781)+ % 41— i DNA % 87 #3445 o Futdaip 0 2003 & $ 2 § i
AREZE- BAGAAFRATRGERAKR P a? AE e T ERY© i 4
IR 19 E2 @I g 0B TR RS 7R R o FA A
ﬁ%WﬁiP’“ﬁﬁﬁimoﬁﬁp%mmﬁmm%3 FRIT L B
sh18933 y* 4] & ki & 2000-2002 i & - 4% FIApA < i i FkE R A R
B2 2% 1998 # 70 Bl Atk 2003 2 2§ Ftk t Notl &2 Xbal-PFGE 8] 3 % 4p I
e fipliden 18 A& 4 AR 1 R1% - F nalidixic acid ML £ B (708 W] Btk 5 ¥
fo B2 L ARIAEE) B AR % Ep FAF L3]S 2 —ISI-PCR 445 0 &
Bty M- P E R VARAKRAT P REERHFI S BRI 0 R A
PFGE Bl3# F X3 2% L eafgy © 2 A2 240k 7 o p by P ,,,L.}}% P &
HHE GG BHH 7 R 8RO TRES 3 F b RS o
() ER S EF 2 LHE A A FRF E 0 TR R Lt 2003 £ & R
flenxeri 2a % FiL A A & % h AR F ¥ # 0 Fjixz PFGE B & T E 2 @&”
ﬁﬂ%ﬁﬁﬂﬂﬁ%lﬁbfimﬁﬁﬁﬁwkﬁﬁ@Hiwﬁgwﬁ‘mg%ﬁ
ﬁ’&wﬁﬁﬁﬁﬁﬁéﬁi EFRE L > PR AR - FE o 2 R R
o REREREALAKRKR - E AGATRRE LRk o B R
)"’Et A S E Y - HiE: '?fl‘fffgxf’ﬁ*,éﬂlfgbk’fgr*ﬁ ) Jﬁci:,—;:.lv”-‘)ﬂ.‘fw—

-F g = \—:A

§ER - EAF ARE F DR T NERTATO a0 F s P DNA 4
RRF TR e f B R TR 4 R R SRR 0 X ke A Ao
REEAF AL TPEERIRFE pé*%@%ﬁﬂmA%%?ﬂ&mkﬁ’A%
Bl 2 F R e e ﬁ’H@mMﬁu%%ﬁ%r?mﬁ% 3O A WRE T R
(PulseNet Taiwan) « TRl & dafc T % F ~ FTREY < #,EJMQE% T BT Egﬁé_igg
T o~ R RR kAL o BRI ITS VL LR % 3 WL {7 7tk PFGE 4 {7 » % PFGE
Bt i p PR SRR BEI PR R T P 5’%@ 12 BioNumerics 4 +5 PFGE
Bl > #-A 2 2 F]tk DNA 45 X Rli¥ &2 g T FTAL o A wlE ~ & FOREE X $ 1A DNA
IREH LRSI REFTRE T @%%ﬁ%iVQ%’ﬁ#ﬂ&@ﬁjﬁf
BrEFnpds L) QAR GE L Lapiefffeeipicdliv: &
ﬁﬁHmAﬁ*@& RE R EARE o AP - SRR R AP B R &
TREFAEEEGFE I PR RIELTRARARLZ %R FARFEAAF S
“b’ﬁﬁmﬁkﬂﬁﬁogﬂ%fmﬁ WM o L HEE -
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B

1 ¥ = = Shigellaspp., E. coli 0157, Salmonella spp., V. parahaemolyticus, K.
pneumoniae, N. meningitidis, S. pyogenes, B. pertussis, Legionella spp. & 4 & 72 PFGE #
Efe iR it 107 > T2 2 FIIR DNAAp R B TR E - B3R Ed R GPFTH2Z
B T ORIVHEAA T BARE RIZ T o Pt 52004 BAR 2 SR R A S 43T
PRI o PraE 2 2 PFGE ~ TR ~ ReRLFGFT 5 0 4 ¥R * 3475 i 4312 PFGE &
Bomd 3 s2sitmhimp e

B3 ATA 4T E % 2 Btk DNA 4 2 Bl3# > 3~ Shigellaspp. F 522+ 0 N.
meningitidis 3 160 tk - S pyogenes 3 597 tx » Salmonellaspp. 7 385 t& » B. pertussis
3 52tk » V. parahaemolyticus 3 25 tk » K. pneumonia 3 330 & ~ E. coli O157 5 4 t& -
{'%—. Bl ¥ .7}“' BE S TR RN j‘/”\rﬁfﬁ-x FltR e ST '/‘”“Jﬁiiiifk’\% °

AF g2 PFGEHRBHITAA - ¢ 4 RO ERAREH hib Tt £
T b g IEiE > 4 R ER - R £ J;X]fiﬁr,‘?.%'l%z PulseNet § &% i1 F & = 1
AYFIER 0 4 AR E o B w4 fAFfAR * S entericaserovar Braenderup HO812 2 N.
meningitidisM413 & f& Ftkii i %4 £ RIHR38 % B PulseNet # % % * S enterica serovar
Braenderup H9812 *+ % p #e3 PFGE A 47 » 24 i 38 00 R e # 3%

TR E LT s N. meningitidis M413
RS 4T o Bt AR s d RS A R B iR 2 o 71 D] eh
@ﬁ%ﬂﬁﬁﬁﬁkwhm$%¢%ﬁ*m@?ﬁﬁ“+’$¥@F?ﬂiﬁ’4ﬁ€
T2 g P B 2P FHRT AT A A TEFT RS

xpzkkw&%vﬁ AHWZ?&m4ﬁ»vbv“%ﬂ2m45&mpﬂ”§, =
@ﬁffs?%}l B~ ¥ ~a s dw BF % E S > PulseNet Taiwan ehT pF Bl 4 » L (7 T B
Shigella Spp N. meningitidis, £ Salmonella enterica ser. Typhi & Paratyphi > #-4 % — & e
2T A r H n@%bfﬁsi& PolE- Ehy % FRAFE N b oTE DL+ 23 TR
‘é}x‘l‘(PulseNet) hoa TR I}iam BB LRAR A 2T gt - EARRE Fla 3R 5 WP 3] 9 T
HB s e (7 ’il‘ﬁf ikt ir 5% Tk&}éi’p Al BmEARG bR &4
Be* FRF R FHLS 2EDTARE REFERA S TR RIS LRI T B
R RRenig 4 o blde 582001 & gk - b E CO|I 0157 g %Lffia bl AR R~ E FA i
FAln HDNA B FRE VL > PG FHSHER > R FR > 2 oo B R
2001 # P 4 S sonnel 514 2_ 4% *p?‘]"ﬁ_}ﬂfi L onfT oo AT > E R 1303 bE B -‘Iﬁi b zsd o
B41* PFGE #jiea {79 mic f 2 Firts - #FMITE AR A p TR > 2 - F 0 > Bp T -
B ob KPR~ BR1S 0  S14F § 3 B Rom % 17 (6) » PulseNet Taiwan & il e ch=v 2 > -
i€ AR e 8 o chE R s s 1B BRETEHORE B o

PFGE 5§+ ficd Renfg® o 2P 7 3 mFlL A Jin TRF 3 * 1 &> &K
PFGE chfk (E 3 pF~ B 44 ~ 2 X A8 F > %59 5% 3 ¢ﬁmH@E%’%¢ﬂxﬁ
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¥ro g FSFTY Ky 4 PFGEARC AP SR o IFL T iAo T2 P RS F
ZATTEIGE 0 B AEBORY > FREFI A fHECEEER ) 2R
Wy £+ "ti—lfvi\‘g’%c » T T b EQ:J"F,Z MmiER RS DNA @B PUF(pEr EF LG R
Len1/4 Fla s Maqra ko £ p PFGE # £ £ FE2 S feha 422 > 2 PG w
];:]mm]rr']"}éo\ﬂf‘r'f LA ﬁ@“’*ﬁﬁf{m&’“}'f it o

BRAFACEFALFOPE AFT B FREE TR L UGS
A#leng & > f# /4 BioNumerics #it 88 38 & 5 50 7 & nh 41 > ’Ef;_ Pled kg4 Hd
Poo i BiE R A 1@@1 EE*‘}*"MT??]FJ& LB T kB T
PR EDTM MBS 0 BRIFRE L ITY A [ H o

F A2 AR DNABIGHFHE i * U Ru &2 & hmh o £ kp R
Ho®pRamgkite sBe g ki G R l‘&@—’#[ﬁimﬁ Zo RiTE ko> F{A
FIRMA T YL B)ERF SR A sl 8 e L ¥ » BLpRRRT S
iz » W—’gﬁ"  4ods e B fo 2003 & 9 SARS 0 @ a‘bﬁvm:;[;;j%;g;?' Ik A RN AT

- @:}%m@—i}fiam,,. R R P i keiin (74 R B 7o ¥ AL
}? F*m | f A lIﬁa(qu\‘—)ﬁ'&?" bt & g”"}fﬁi)’ {%ER 1 P 3] gt @—)Pfﬁﬁmm 7 o B4
2001 & # 30 T D IW AT A G mYIL/ %1*”]‘%},@4‘-’”/” 7w RN I\Iﬁﬁb" rEFS
b A i e 19-21 fh g B ﬂ P3AS R PR R 0 R 67
7 35 & i Iﬁa?&?@ o e ]}ﬁ%mPFGE B 3 e ¢ﬁb T b SEREET 2Rk
B ERE A R DERR e GO0 -Iﬁi}ﬁ.“mmDNA#p‘,.?}%]F-g THEERRZAFAAE
Bl R zp;ﬁ;mﬁ;gz:tw Lher L -

PR IRLE S AL ERPEAD A R SR PRSI R A B i
11 A E A mﬂ}ffrﬁif FHFXE XG4 S0 hend 2R 2E S ¢ RR
FOET o R RFCA T A e e frv:rzé? W @i (s o it A w2 & T B F
%P@Pﬂﬁi’mﬁ @fm*#ﬂwm§’%$ﬁf*iméiﬁkﬁﬁ o
sbﬁé\%‘r»}fﬁ/ﬁ!%ﬁmk\ FAATPIERLIFER &I o 2Ky o % PulseNet & si3x »
AR EaT > R R  RBEGERLEAN DB RE B FleEFEYE
RIER 2 AP » ¢ 354 Fop(Tularemia - 5 & 5 Francisdla tularemsis) & &
(plague > 5 = % Yersinia pestis) °

DNA Jp R AL E 5 7 % 305 R A i 1 i ha 208 B o i o W RN IR 2
Ho b RS fEE » DEAFE DR ERBER TTEF B IAERT T 0 FR AR
%@&ﬁ%ﬁw@ﬁuwmﬁwo&ﬁ;ggﬁﬂwmmﬁmﬁﬁ AR AR R
©RLETH o T F KT ER DNAJp R BIF TR R 2 6" 2B L omaT g B
O F TS ATI R A TR TR G A R T o Y AR E T A
Sk b I AL F AN 2 2004 Bhach T SRS AT A A TRET R | A
EFREY A B L BT RIS o
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) %

SS TSA
M 1 2 3 4 5 6 M 1 2 3 4 5 6 M

W - ~ Shigellasonnel 3 % ** SS &2 TSA » PFGE & % 77 3 % ** SS 32 & A 2 [t > PFGE Bl:#
FAFR AWML 20T (ed ERER) AL E P EPFGE &% -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Bl =

S % A REE PFGE % (742 5 & 17 Shigellasonnei 2. PFGE Bl## > % 1~5~10~15 &

2% & Salmonella Braenderup H9812 2 Xbal *» 2] 2 Bl3# » H 4L ~ 3 p ¢ 3% % 2 S sonnel
Atk
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5 6 7 8 9 10 11 12 13 14 15

Bz :&* %P #AtkH¥ PFGE 4% i£42 /& 4 47 Salmonella Choleraesuis 2. PFGE Bl3# > % 1-5-10 ~

Z_ S Choleraesuis Ffk °

1 2 3 4 5 6 7 8 9 10 I1 12 13 14 15

Ble & % p FH28 PFGE % iv42 5 4 47 Klebsiella pneumoniae 2. PFGE Bl > % 1-5~10~
15 & & Ftk Salmonella Braenderup H9812 14 Xbal *» ]2 W3 H 45 A dpp o 3ng 4o
w2 K. pneumoniae gtk
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1

BlI ™ % P FR% PFGE 4% iv42 5 4 7 Bordetella pertussis 22 PFGE B3 > % 1~8 15 &
#2E 7tk Salmonella Braenderup H9812 12 Xbal *» 2|2 Bl:# - H 4 % B. pertussis Ftk -

2 3 4 5 6 7 8 9 10 11 12 13 14 15

B~ - &* %) Fi%%# PFGE 4% (42 & 4 +7 Neisseria meningitidis 2. PFGE Bl:% » % 18+ 15
& H2E R N meningitidisM413 2 Nhel *» 2] 2_ Bl3# > # 4 5 N. meningitidis itk -
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Bl : i * Listeria monocytogenes ## PFGE % ¥ 42 % » 17 Sreptococcus pyogenes 2. PFGE ]
#o0% 1-5-10-~15 % 1% F& Salmonella Braenderup H9812 12 Xbal *» &]2 B3 » H 45 &
Bp oA I FE #0422 S pyogenes [tk o

A B

=3

B~ (A 'Ry E2 222 PFGERFH > 2 @A ik vw XA TEFERIE  £53F 57 %
2% Bl(incomplete cut) #* ¥ ; (B)4p I ¢ PEGE %48 » £ 15 =t TE 3 it i i% » “7 1 5| ehf o PFGE
Bl > "Lqpsr 8= > o (4% PFGE B §d % & CDC PusleNet 7 % ¥ Mary Ann Lambert-Fair

LA ) o
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- AP e TS (Lewis Taiwan No. 1) > d -Kip B~ sf s flp g g e > -
% 30 B ujﬁﬂ\(%—éfrz* - kAT R A30 B ) HpEpARERd RE 4]
AR HERY 9 Y IER SR

“J

1 2 3 4 S5 6 7 8 9 10 11 12 13 14 15

Bl cie » AR (5 1-8 7)) B et ikt 8 # £ 1 2 (% 9-15 7)) i 2 182 Fj+k Salmonella
Braenderup H9812 2 Xbal *» #]2. PFGE Rl¥ - & * % s> 2 BWH 2 DNA & F > B
* £ 1328 % 2 DNA
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1 2 3 4 5 6 7 8 9 10 I1 12 13 14 15

B = dpER * £R1E % 1-5 5] 5 Salmonella Braenderup H9812 4 %] 12 5, 2.5, 1.25,
0.625, 0.3125 units =7 Xbal *» &2 PFGE Rl:# > % 6-10 5 Shigella sonnei SH30670 4 |
2 5,2.5,1.25,0.625, 0.3125 units 2 Notl *» &) 2. PFGE Bl > % 11-15 3 Sreptococcus
pyogenes SP10282 4 %]z 5,2.5,1.25,0.625, 0.3125 units 77 Smal *» &) 2. PFGE Bl > ¢
RIFRIEP % DNA &4 > 3 031 units (%% T X35 > & Lyt #% 7 2 S sonnel
SH30670 £ DNA /& f # £ & 0.625 units 77 NOtl B ¥ 45 11 7 % >+ & ehalf- i (4o o7

AR o
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2003 EHEE R

Bl-w ~2003 £ R A2 ERED G RGE AEFILA R B ZA hieRE TS FR & Shigellaspp.:},a.zvglg%é;wﬂ&ﬁaéﬁw%%j@}
2 FBRALG M RE o B A A FRA 2 AE BE(d nRIERT)  AFFRE 4 1998 £ & AP FIR S E B %ﬁﬁ:}ﬂﬁ%%{fi &L‘ ‘
Ho1999 & 59 A A g2 Ftk (ZAE R G M) 2003 £ S ARFROEOIA DR R AL BT RS HG)A FY A BAY BE S
e T - BL G mv o FRE AR OFRRBIH T § - DNA P2 L2 o
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89e0880 S. flexneri 2a 2000  {E3HERE
90e4395 S. flexneri 2a 2001  {E;HESE

90e6570 S. flexneri 2a 2001 T~ iLkk
91e0431 S. flexneri 2a 2002 -k}

9221201 S. flexneri 2a 2003  {E#E8F
92e1260 S. flexneri 2a 2003  {E7EEE
92e1274 S. flexneri 2a 2003  {E3HRE
92e1437 S. flexneri 2a 2003 {EEEE
92e1440 S. flexneri 2a 2003  {EiEEE

sh19698 S. flexneri 2a 2000 [HiEH%
|| 89e0859 S. flexneri 2a 2000 {EHESE
90e1033 S. flexneri 3a 2001 SHE

Bl 7~ IR %0 > 9 2003 & 725R 4% 22 Shigellaflemeri 2a Btk (¢ A= H{E7 )82 DNA £ 2 Bl TR 2 P R B AR
tho mp G F o S flexneri 3a 5 R HICER 0 Ms £ FR o 2 2003 & B 40 B3 2 FjHA(89¢0880 + 90e4395 ~ 90e6570 ~ 910431)
SOF A HER S ERRL 2 2 ] e
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o oE B2 3§ ¥ &3 (Dade Microscan™) #tiplfF 2 &

E R e LR SR EFABEES R ks

# = - PFGE " &8 i % if

HF | Bt | BaRE| kpER | R 55 P R
1 RO 500 ml 56C 250 ml/min ik 2 min
2 RO 500 ml 56C 200 m/min | 7% 6 min {2 ¥ % | 8.5 min
3 TE 500 ml 56°C 200 ml/min Wik 2 min
4 TE 500 ml 56C 200 ml/min | #F% 6 min {57 % | 8.5 min
5 TE 500 ml 56C 200 ml/min | #F% 6 min {57 % | 8.5 min
6 TE 500 ml 56°C 200 ml/min | # % 6 min {$ % | 8.5 min

* RO: reversed osmosis water; TE (TE buffer (10 mM Tris.CI pH8.0, 1 mM EDTA pH 8.0)
® &% £ 1220 k48 (screen caps)t X 0 ARE 20 BHeAE 0 TH LB R E o
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or

Code Organism Code Organism

B66 Bacillus cereus EXF Escherichia coli 0169:H41
EKK | Escherichiacoli 0169:NM

DBB | Campylobacter coli EH2 | Escherichiacoli 045:H2

DBD | Campylobacter jejuni/coli ENM | Escherichiacoli 0145:NM

DBR Campylobacter jgjuni EXI Escherichia coli invasive
EXS Escherichia coli Stx-producing

DRP Clostridium botulinum A EXT Escherichia coli toxigenic

DRK | Clostridium botulinum B

DR6 Clostridium botulinum C GX6 | Listeria monocytogenes

DSG Clostridium botulinum D

DSP Clostridium botulinum E JZG | Shigella boydii

DSK Clostridium botulinum F Jzp Shigella dysenteriae

DSI1 Clostridium botulinum G JzZX Shigella flexneri

DZP Clostridium perfringens J16 Shigella sonnei

EXA Escherichia coli KZG | Vibriocholerae

EXD Escherichia coli O111 K16 Vibrio parahaemolyticus

EXK Escherichia coli O111:NM KI1R | Mbrio vulnificus

EXH Escherichia coli O157:H7

EZH Escherichia coli O157:H19 K6G | Yersinia enterocolitica

EXN Escherichia coli O157:NM

EZK Escherichia coli ONT:H16

EVC

Escherichia coli O26:H11




PulseNet Codes for Salmonella serotypes (A)

Code Organism Code Organism
JRE Salmonella Abaetetuba JBP Salmonella Braenderup
TDA Salmonella Adelaide TDG | Salmonella Brandenburg
RIA Salmonella Aequatoria JBX | Salmonella Bredeney
JRF Salmonella Agbeni RIC Salmonella Brunei
JAB Salmonella Agona IC6 Salmonella California
LXM | Salmonella Ajiobo JRG Salmonella Carrau
TDB Salmonella Alachua ICG Salmonella Cerro
TDC Salmonella Albany TKK | Salmonella Chameleon
LXN Salmonella Altona JCP Salmonella Chester
TDD | Salmonella Amager RIE Salmonella Chicago
LXO Salmonella Amsterdam D6 Salmonella Choleraesuis
JAG Salmonella Anatum ID6 Salmonella Choleraesuis var.
Kunzendorf
APA Salmonella Apapa TEJ Salmonella Cremieu
ARE Salmonella Arechavaleta IDG Salmonella Cubana
XLD Salmonella Babelsberg EPB Salmonella Denver
TDE Salmonella Baildon IDP Salmonella Derby
TEG Salmonella Bardo JDX Salmonella Dublin
JAP Salmonella Bareilly DUI Salmonella Duivenhoks
RIB Salmonella Barranquilla RIH Salmonella Eastbourne
JAX Salmonella Berta EPA Salmonella Ekpoui
JB6 Salmonella Binza JRH | Salmonella Emek
JBG Salmonella Blockley JEG Salmonella Enteritidis
THE Salmonella Bongor TDH | Salmonella Flint
TDF Salmonella Bovismorbificans JEP Salmonella Florida

il




PulseNet Codes for Salmonella serotypes (B)

Code Organism Code Organism
RIG Salmonella Fresno JG6 Salmonella Java
JRA Salmonella Gallinarum JIGG Salmonella Javiana
TDJ Salmonella Gaminara TEL Salmonella Johannesburg
JEX Salmonella Give TEM | Salmonella Kedougou
JRI Salmonella Gostrup JGP Salmonella Kentucky
RID Salmonella Godesberg TEN Salmonella Kiambu
TEB Salmonella Goettingen JRN Salmonella Kintambo
TEK Salmonella Guildford KOT | Salmonella Kottbus
TDK | Salmonella Hadar JRO Salmonella Kralendyk
EPC Salmonella Haifa TEP Salmonella Lagos
JHA Salmonella Hartford RIF Salmonella Lansing
TDL Salmonella Havana LEX Salmonella Lexington
JF6 Salmonella Heidelberg TDN | Salmonella Lindenburg
LXP Salmonella Hindmarsh JGX Salmonella Litchfield
JRJ Salmonella Houten TDP Salmonella Liverpool
JRK Salmonella Hvittingfoss JH6 Salmonella Livingstone
TDM | Salmonella Ibadan JRP Salmonella Lomalinda
JFG Salmonella Illinois LOM | Salmonella Lomita
JFP Salmonella Indiana TEC Salmonella London
JFX Salmonella Infantis JHG Salmonella Madelia
JRL Salmonella Inverness SKK | Salmonella Manchester
VKK | Salmonella Isangi JHP Salmonella Manhattan
JRM Salmonella Istanbul TDQ Salmonella Marina
LXQ Salmonella Tturi MDI Salmonella Matadi

il




PulseNet Codes for Salmonella serotypes (C)

Code Organism Code Organism
TDR Salmonella Mbandaka JKP Salmonella Paratyphi A
JHX Salmonella Meleagridis JKX Salmonella Paratyphi B
MEN | Salmonella Mendoza JRS Salmonella Pensacola
TEA Salmonella Miami POM | Salmonella Pomona
TEQ Salmonella Mikawasima JL6 Salmonella Poona
G Salmonella Minnesota JRT Salmonella Potsdam
JIP Salmonella Mississippi JRB Salmonella Pullorum
JIX Salmonella Montevideo XLB | Salmonella Putten
JJ6 Salmonella Muenchen JLG Salmonella Reading
TDS Salmonella Muenster TEE Salmonella Rissen
JRQ Salmonella Nchanga JLP Salmonella Rubislaw
JRR Salmonella Newbrunswick IN6 Salmonella Saintpaul
1IG Salmonella Newington JLX Salmonella Sandiego
JIP Salmonella Newport JRU Salmonella Saphra
LXR Salmonella Nima IM6 Salmonella Schwarzengrund
TDT Salmonella Norwich XLC | Salmonella Seegefeld
TDU | Salmonella Ohio JRC Salmonella Sendai
TED Salmonella Onderstepoort IMP Salmonella Senftenberg
X Salmonella Orangienburg JRV Salmonella Soesterberg
XLA Salmonella Orion ING Salmonella Stanley
OSL Salmonella Oslo JRW | Salmonella Stanleyville
OTH Salmonella Othmarschen STO Salmonella Stockholm
LXS Salmonella Pakistan JNP Salmonella Tallahassee
JKG Salmonella Panama TEF Salmonella Telelkebir

v




PulseNet Codes for Salmonella serotypes (D)

Code Organism Code Organism
INX Salmonella Tennessee JQX Salmonella Wichita
JP6 Salmonella Thompson JQO Salmonella Wien
EPF Salmonella Tsevie TDY | Salmonella Worthington
JPP Salmonella Typhi JAA Salmonella enterica spp.
JPX Salmonella Typhimurium TER Salmonella Group B Monophasic

JPX Salmonella Typhimurium var.

Copenhagen

JRD Salmonella Typhisuis JR1 Subspecies I
TDW | Salmonella Uganda JR2 Subspecies II
IQG Salmonella Urbana JR3 Subspecies 111 a
TDX Salmonella Virchow JR9 Subspecies 11 b
JRX Salmonella Virginia JR4 Subspecies IV
UKK | Salmonella Wandsbek JR5 Subspecies V
WWS | Salmonella Wandsworth JR6 Subspecies VI

RIJ Salmonella Warragul

JRY Salmonella Wassenaar IMG | Salmonella Siegburg *

QP Salmonella Weltevreden IMX | Salmonella Simsbury **

WES Salmonella Weslaco

* Salmonella Siegburg was combined with Cerro and is now called Salmonella Cerro Var.

O14+. The name Siegburg has been dropped; the code JMG has been dropped.

** Salmonella Simsbury was combined with Senftenberg. The name Simsbury has been dropped; the
code JMX has been dropped.



itk B. PFGE Codes for Restriction Enzymes (A). Bolded Entries designate restriction enzymes

currently used for PFGE subtyping of Foodborne bacterial pathogens. (Enzyme) indicates the

isoschizomer (restriction enzyme that recognizes the same sequence).

Aat1(Sul)

Aat 1l A0l
Accl A02
AccIl (Mvn])

Acclll (Mrol)

Acc651 (A 718)

Ad 1 A03
AcsT (ApoT)

Acyl A04
Afl 1 (Avall)

Afl 1T(Bfr T)

Afl T A05
Agel A06
Ahall (AcyI)

Ahalll (Dral)

AhdI A07
Alul A08
Awl A09
Aw261 Al0
Alw44 1 (ApaL])

AWN T All
Aocl(Saul)

AosI (Avi IT)

Apal Al2
Apal 1 Al3

Apol Al4
Apy1 Al5
Ascl Al6
Asel (An])

Al Al7
Apl Al8
Asp 700 Al9
A 718 A20
ASE 1 A21
ApH 1 A22
AuTI (SuT)

Aval A23
Avall A24
A TI A25
Ar I1(BInT) A26
Ay 1(Saul)

Bal 1 BO1
BamH [ B02
Banl B03
Ban Il Bo4
Ban1Il (Clal)

Bbel (Nar I)

BbrP 1 (P I)

BbsI (BpuA I)
Bbul(Sphi)

vi

BbvI B05
Begl B06
Bd1 B07
BenI(Ndi I)

Bool (Aval)

Bfal B08
Bfr I B09
Byl I B10
Byl 1I Bll
Bin | (A I) A26
BlpI(Cd 1)
Bme 181 (Avall)

Byl B12
BpmI B13
Bpu 1102 1 (Cdl I1)

BpuA I Bl4
Bzl BI15
BsaAl B16
BsaB I B17
BsaH 1 B18
BsaJ | B19
BsaM I (Bsm])

Bsaw I B20
BscI (Clal)
BseA T (Mrol)




PFGE Codes for Restriction Enzymes (B)

BseP I (BssH IT)

BseR 1

B21

Byl

B22

Bsh1 (Haelll)

Bsh 1236 1 (Mvn)

BsCI(Sul)

BSEI

B23

BIHKAI

B24

BSLI(Apy])

BsM I (Mrol)

BIWI

B25

BsXI(Clal)

BIYI

B26

Bd I

B27

Banl

B28

BB 1

B29

BarF I

B30

BsoB 1

B31

Bsp 131 (Mrol)

Bsp 501 (MwnT)

Bsp 1061 (Clal)

Bsp 120 I (Apal)

Bsp 1431 (Haell)

Bsp 1286 1 (By )

Bsp 1407 1 (SpB )

Bsp 17201 (Cel II)

BC 1 (Pw1)

BspD I (Clal)

BspE I (MroI)

BspH I B32
BspLU 111 B33
BgpM I B34
BsoM II (Mro1)

BspX 1(Clal)

Bs'1 B35
BsBI B36
BaDI B37
BsF1 B38
BsGI B39
BssG I (BstX I)

BssH I B40
BsK 1 B41
BsS1 B42
Bt I (BamH 1)

Bs 11071 B43
BB I (Sul)

B4E II B44
BN I (ApyT)
B2O I (ApyT)

B«P I (BSE 10)
BsU I (MwnI)

BaX 1 B45
BtY I (Xho1l)
Bsu151(Clal)

Bsu23 1 (Mrol)
Bsu361(Saul)

BUR I (HaelI)

Cac81 C01

vii

Ccdl C02
CfoI(Hhal)

Cfr 1 (Eael)
Cfr91(Smal)

Cir101 C03
Clal Co4
Cpol (R IT)

Cepl (Ry II)
C61(Rsal)
Ce451(Sul)
onl(Sul)

Ddel D01
Dpnl D02
Dpn1I (Sau3AT)

Dral D03
Drall D04
Dralll D05
DrdI D06
Dsal D07
DsaV (F 1)

Eael EO1
Eagl E02
Eam11051(AE])

Ear I EO03
Ed 136 I1 (Sac])

EdX 1 (Eag])

Eco471 (Avall)

Eco47 111 E04
Eco571 EO05




PFGE Codes for Restriction Enzymes (C)

Eco811(Saul)

Eco 88 I (Aval)

Eco911(BLE )

Eco 1301(Sy])

EcolCR I (Sac )

EcoN 1

E06

Eco065 1 (BLEII)

EcoO109 I (Drall)

EcoR 1

EO07

EcoRr II (Apy])

EcoR V

EO8

EcoT141(Sy]I)

EcoT22 (NS I)

EheI (Nar I)

Esp1(Cd I

Fdi 1 (Avi IT)

Fnu4H I

FO1

FnuD II (Mvn 1)

FokI

F02

Fsel

FO3

Fsp I (Avi IT)

Fsp 1l (Sul)

Haell

HO1

Haelll

HO2

Hap I (Hpa )

Hgal

HO03

HgiA I (AspH I)

Hhal

HO4

Hin61(Hhal)

HincIl HO05
Hind II (Hinc IT)

Hind TIT Ho6
HinfI HO7
HinP1 I (Hhal)

Hpal HO8
Hpall H09
Hphl H10
ltal (Fnu4HTI)

KasI (Nar I)
Kpn1(Acc65 1) K02
Kpn2I(MroI)
KspI(Sacll)

Ksp6321 KO1
Mael MO1
Maell MO02
Maelll MO3
MamI MO04
MboI(Sau3Al)

Mbo II MO05
Mfel (MunT)

Mfl T (Xho 1)

MiuT Mo6
MIUN I (Bal I)

Mnl T MO07
Mrol MO8
MscI (Bal )

Msel M09
Md T MI10

Msp I (Hpall)

MspA1 1 MI1
Mgt 1 (Avi ID)

Mgt 1T (Sau )

MunI M12
Mval (ApyI)

MwnI M13
Mwo [ M14
Nael NO1

Nar I NO2
Na I NO03
Nco I NO04
Ndel NO5
NdelI (Sau3AT)

NgoA IV (Nael)

NgoM I (Nael)

Nhel N06
Nlalll NO7
NlaIlVv NO8
Not I NO09
Nrul N10
NS T NIl

NE9 NI2
Nsp IT(Bmy I)

Nsp IIT (AvaI)

NspV (Sul)

NspH I (NspI)

NumII (Nar I)

viii

OxaN I (Sul)




PFGE Codes for Restriction Enzymes (D)

Tru91 I (M=e])

Tl T04
T945 1 T05
T905091 T06
TR 1 T07
Tth 111 T (Asp])

TthHBS I (Tag I)

Van o1 I (PIM I)
VpI(Asnl)

Xbal X01
Xeml X02
Xhol X03
Xholl X04
Xmal (Smal)

Xmalll (Eag)

Xrm 1 (Asp700)

Xor I (Pwu 1)

Pacl P01
PaeR7 1 P02
Pal I (Haell)

PAMTI P03
PinAT (Agel)

Plel P04
PmaC I (Pml 1)

Pmel P05
Pm 1 P06
Ppul0I(Ns I)

PpuM I P07
PshA T P08
P 14061 P09
PspAT(Smal)

PspE 1 (BSE IT)

PssI (Drall)

P P10
Pwl P11
Pw I P12
Real (BspHI)

Rsal RO1
RepX I (BspH I)

R 11 R0O2
Scl S01
Sacll S02
Sl S03
Spl S04
Sl S05
Sw3Al S06

96 1 S07
Sal S08
SIF1 S09
AT S10
SaN 1 S11
Scl S12
Sil S13
Sul S14
SrAl S15
Snl (Avall)

Smal S16
JaB 1 S17
S0l (Apal.T)

Fel S18
hl S19
I1(BSWI)

o1 (Nrul)

Spl $20
SpB1 S21
SH1(Sc)

S (Sell)

Sul S22
Sy1 S23
N1 (BSW )

Snal S24
Tai I T01
Tagl T02
Thi I TO3

Thal(MvnI)

X




e C. £ 7 1212 1A PFGE &% 3% ¥ 42 5 (US CDC protocol: Summary of One-Day
(24-28 h) Sandardized Laboratory PFGE Protocol for E. coli, Salmonella, and Shigella
species

Day O

1. Inoculate test cultures to appropriate media and incubate at appropriate temperature.

Day 1 - Make and Wash PFGE Plugs

1. Turn on and/or confirm temperature of shaker (54°C) and stationary (37°C, 50°C, 56°C)
water baths.

2. Make (or melt) 1% SeaKem® Gold: 1% SDS agarose' in TE Buffer; keep agarose in 56
‘C water bath.

3. Suspend growth in ~2 ml of Cell Suspension Buffer (CSB) in Falcon 2054 tubes.

4. Adjust concentration of cell suspensions to the following value on the Dade Microscan™
Turbidity Meter:

0.48 — 0.52 (measured in Falcon 2054 tubes)
0.68 —0.72 (measured in Falcon 2057 tubes)

5. Transfer 400 1 of each cell suspension to 1.5-ml microcentrifuge tubes; incubate in a 37
‘Cwater bath for five minutes.

6. Add20 I of Proteinase K (20 mg/ml stock) to each tube and mix gently.

7. Add and gently mix 400 1 melted 1% SeaKem® Gold: 1% SDS agarose to the cell
suspensions; maintain temperature (55 - 60°C) of melted agarose while making plugs by
keeping flask of agarose in beaker of warm water.

8. Immediately, dispense mixture into well(s) of disposable (2 plugs) or reusable (3-4 plugs)
plug molds. Allow plugs to solidify 10-15 minutes at room temperature.

9. Prepare Proteinase K/Cell Lysis Buffer so that the final concentration of Proteinase K in
the lysis buffer is 0.1 mg/ml; add 5 ml to labeled 50 ml tubes.

a. 5 ml Cell LysisBuffer x the number of tubes (5 ml x 10 tubes = 50 ml).
b. 25 1Proteinase K stock solution x the number of tubes (25 1x 10 tubes =250
1).

10. Transfer plugs to 50 ml tubes, place tubes in rack and incubate in a 54°C shaker water
bath for 1.5-2 h with constant and vigorous agitation. Two large or 3-4 small plugs of the
same strain can be restricted in the same tube.
10a. Preheat sterile reagent grade water to 50°C  (~120 ml for 4 tubes; ~300 ml for 10
tubes).

11. Replace orange caps with green-screened caps. Pour off lysis buffer and add 15 ml sterile
reagent grade water (50°C) to each tube. Put original cap on top of green cap. Shake tubes



vigorously at 50°C for 10-15 min. Repeat wash step with water one more time.
11a. Pre-heat sterile TE Buffer (10 mM Tris:1 mM EDTA, pH 8.0) to 50°C (~260 ml
for 4 tubes; ~650 for 10 tubes)

12. Wash plugs with 15 ml pre-heated (50°C) sterile TE Buffer four timesin 50°C water bath
for 10-15 min.

13. Decant last wash and add 5 ml sterile TE (room temperature). Continue with restriction or
store plugs in sterile TE buffer at 4°C. Transfer plugs to smaller tubes, if desired.

Day 1 or 2—Restriction Digestion (see pages4 and 5)

1. Cut 2-mm plug slices and incubate in 200 | diluted buffer that is recommended for the
restriction enzyme used (i. e., H Buffer if using Roche Xbal) for 5-10 min in a 37°C water
bath or at room temperature for 10-15 min. Use 3 standards for 10-well gel and 4 for
15-well gel.

2. Remove buffer from plug slices and add 200 1 restriction enzyme mixture to each tube;
incubate in 37°C water bath for 1.5-2 h.

3. If plug slices will be loaded into the wells, cast the electrophoresis gel approximately 30

min. before restriction digestion reactions and finished.

A. L oading restricted plugs on the comb:

1. Make 2.2 liters of 0.5X Tris-Borate EDTA Buffer (TBE); use 100 ml to make the 1%
SeaKem® Gold (SKG) Agarose in 0.5X TBE. Place agarose in 55-60°C water bath and
equilibrate agarose to 50-60°C for at least 15 minutes before pouring into gel form.
Confirm that the gel form is level and that the comb teeth touch the gel platform.

2. Remove test and control samples from 37°C water bath; replace enzyme/buffer mixture
with 200 10.5X TBE. Incubate at room temperature for 5 min.

3. Load plug slices on the bottom of the comb teeth in the appropriate order (standards are in
lanes 1, 5, 10 for 10-well gel; lanes 1, 5, 10, 15 for 15-well gel). Remove excess buffer
with edge of tissue paper. Allow plug slices to air dry for ~ 5 minutes.

4. Position comb in gel form, confirm that the plugs slices are correctly aligned on the
bottom of the comb teeth, and carefully pour the agarose (cooled to 56°C) into the gel
form.

5. Add 2.2 L 0.5X TBE to the electrophoresis chamber (100 ml will have to be added to
original volume to replace that used for gel; turn on equipment.

6. Remove comb after gel solidifies (~30 minutes). Fill in wells of gel with 1% SKG

Agarose; place gel in electrophoresis chamber.

X1



B. Loading restricted plugsinto the wells:

1. Make 2-2.2 liters of 0.5X Tris-Borate EDTA Buffer (TBE) and 1% SeaKem® Gold (SKG)
Agarose. Equilibrate agarose to 50-60°C for at least 15 minutes before pouring into gel
form.

2. Add 2-2.2 liters of 0.5X TBE to the electrophoresis chamber; turn on equipment.

3. After gel has solidified for at least 30 minutes, remove comb, and load restricted plug
slices into appropriate wells. (Standards are in lanes 1, 5, 10 for 10-well gel; lanes 1, 5, 10,
15 for 15-well gel).

4. Fill in wells of gel with 1% SKG Agarose (optional); place gel in electrophoresis chamber.

Electrophoresis Conditions
A. Select following conditions on CHEF Mapper for Escherichia coli O157:H7 or for
Shigella sonnei.
Auto Algorithm
30- kb — low MW
600 kb — high MW
Select default values except where noted by pressing “enter”.
Changerun timeto 18-19 h.?
(Default values: Initial switch time = 2.16 s; Final switch time = 54.17 s)
B. Select the same conditions on CHEF Mapper for Salmonella serotypes, except
change high MW value to 700 kb (Final switch time = 63.8 s)

Day 2 or 3—Sain and Image PFGE Gel

1. Remove gel from electrophoresis chamber and stain gel with ethidium bromide for 30
minutes; destain gel for 60-90 minutes with Type [ water (change water every 20-30
minutes)

2. Drain buffer from electrophoresis chamber; rinse chamber with reagent grade water or
flush buffer from lines.

3. After gel has been destained, capture and save image on Gel Doc system.

4. Convert .1scfile (.img file on Gel Doc 1000) to *.tif file for analysis; save *.tif file on
diskette or equivalent.

Use of trade names and commercial sources is for identification purposes only and does not

imply endorsement by CDC or the U.S. Department of Health and Human Services.

Xii



' Run times are based on equipment and reagents used at CDC. The lowest band in the

standard should migrate 1.0-1.5 cm from the bottom of gel.

xiii



Reagents used in Standar dized PFGE L aboratory Protocol

TE Buffer (10 mM Tris:1 mM EDTA, pH 8.0) or GibcoBRL #0126A (0.01M, pH 8.0)
10 ml of 1 M Tris, pH 8.0
2 ml of 0.5 M EDTA, pH 8.0
Dilute to 1000 ml with sterile Type 1 water

1% SeaKem® Gold: 1% SDSagarosein TE Buffer

a. Mix 0.5 g (or 0.25 g) SeaKem® Gold (SKG) agarose and 47 ml (or 23.5 ml) TE
Buffer in a 250 ml screw-cap flask.

b. Dissolve agarose completely and place flask in 55-60°C water bath for at least 5

minutes.
c. Add 2.5 ml (or 1.25 ml) of 20% SDS and mix well; return agarose to 55-60°C water.

Cell Suspension Buffer (100 mM Tris:100 mM EDTA, pH 8.0)
50 ml (100 ml) of 1 M Tris, pH 8.0
100 ml (200 ml) of 0.5 M EDTA, pH 8.0
Dilute to 500 ml (1000 ml) with sterile Type 1 water

Proteinase K

Proteinase K solutions (20 mg/ml) are available commercially, or a stock solution can be
prepared from the powder in sterile Type 1 water, aliquoted in 300-500 1 amounts, and kept
frozen. Just before use, thaw the amount needed, and keep on ice. Discard any thawed
Proteinase K stock solution that was prepared from powder and sterile water at end of
wor kday. Store commercially prepared Proteinase K solutions according to directions

provide by the supplier.

Cell Lyssis Buffer (50 mM Tris:50 mM EDTA, pH 8.0 + 1% Sarcosine):
25 ml (50 ml) of 1 M Tris, pH 8.0
50 ml (100 ml) of 0.5 M EDTA, pH8.0
50 ml (100 ml) 10% Sarcosyl (N-Lauroyl-Sarcosine, Sodium salt)
OR
5 g (10 g) of Sarcosyl (N-Lauroyl-Sarcosine, Sodium salt)’
Dilute to 500 ml (1000 ml) with sterile Type 1 water
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Dilute 10 X H buffer (Roche’ or equivalent) 1:10 (in Falcon 2054 or 2057 tubes) with sterile

reagent grade water:

Reagent

| /plug slice | /10 plug | /15 plug
slices slices
Serile Reagent Grade 180 1 1800 1 2700 1
Water
H Buffer 20 1 200 1 300 1
Total Volume 200 1 2000 1 3000 1

* If Sarcosyl powder is added directly, it may take 60-90 minutes to dissolve at room

temperature.

3 Enzymes from some suppliers require addition of BSA.

Dilute 10X H buffer (Roche) 1:10 with sterile reagent grade water and add Xbal restriction
enzyme (~50 U/sample) as follows:

Reagent 1 /plug dlice 1/10 plug 1/15 plug
slices dlices
Serile Reagent Grade Water 175 1 1750 1 2625 1
H Buffer 20 1 200 1 300 1
Enzme (10 U/ul) 5 1 50 1 75 1
Total Volume 200 1 2000 1 3000 1

For BInI (AvrIl) or Spel, use the following calculations (30 Units/plug slice):

Reagent 1 /plug dlice 1/10 plug 1/15 plug
slices slices
Serile Reagent Grade Water 177 1 1770 1 2655 1
H Buffer 20 1 200 1 300 1
Enzme (10 U/ul) 3 1 30 1 45 1
Total Volume 200 1 2000 1 3000 1

Note: Keep vial of restriction enzyme on ice or in insulated storage box (-20°C) at all time.

10X TBE:
Reagent Volume in milliliters (ml)
10X TBE 100 105 110 115 120 125
Reagent Grade Water 1900 | 1995 | 2090 | 2185 | 2280 | 2375
Total Volumeof 0.5X TBE | 2000 | 2100 | 2200 | 2300 | 2400 | 2500

XV




Prepare 1% SeaKem® Gold (SKG) Agarosein 0.5X TBE (for electrophoresis gel) as
follows:

a. Weigh SKG into 500 ml screw-cap flask.

b. Add 0.5X TBE; swirl gently to disperse agarose.

c. Remove cap, cover loosely with clear film, and microwave for 60-sec; mix

gently and repeat for 15-sec intervals until agarose is completely dissolved.

d. Recap flask and place in 50-60°C water bath.

Mix 1.0 g agarose with 100 ml 0.5X TBE for 14-cm-wide gel form (10 or 15 wells)

Mix 1.5 g agarose with 150 ml 0.5X TBE for 21-cm-wide gel form (= 15 wells)

Note: A small volume (2-5 ml) of melted and cooled (50-60°C) 1% SKG agarose may be

needed to seal wells when plugs are loaded into the wells.

Use of trade names and commercial sources is for identification purposes only and does not

imply endorsement by CDC or the U.S. Department of Health and Human Services.
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ek D. E fF < 15 |2 fF Listeria monocytogenes PFGE 152 3% ¥ 42 5 (US CDC

protocol: Standardized Protocol For Molecular Subtyping of Listeria
monocytogenes by Pulsed-Field Gel Electrophoresis)

BIOSAFETY WARNING: The infectious dose for listeriosis has not been determined and it
may depend, in part, on the susceptibility of the host. Groups at highest risk of acquiring
infection are pregnant women, neonates, immunocompromised patients, and the elderly,
although up to 30% of adults with listeriosis may be immunocompetent. Therefore,
laboratorians working with Listeria monocytogenes, particularly those who may be at
increased risk of acquiring listeriosis, should be made aware of this potential and advised to

be particularly cautious when working with this organism.

Please read laboratory instructions before continuing. Treat all plasticware, glassware,
pipettes, spatulas, etc. that come in contact with the cell suspensions or plugs as contaminated
materials and dispose of, or disinfect, according to instructions. Prepare all reagents and
stock solutions prior to starting protocol (see Section 5a).

5.30 Cultures/Cell Suspension

Grow bacteria on Brain Heart Infusion Agar (BHIA) plates in a 37°C incubator overnight.
Using a cotton swab remove bacteria from the plates to tubes (Falcon 2057, 14 ml -17 x

100 mm) containing 3 milliliters (ml) of TE.

Note: Thaw lysozyme stock (10 mg/ml) solution and proteinase K stock (20 mg/ml) solution,
keep on ice. Discard any leftover (thawed) lysozyme or proteinase K stock solutions after
step 5.34.

Using the MicroScan Turbidity Meter (Dade International, Inc.), adjust the optical density of
bacterial cell suspensions to 0.79 - 0.82 (for cell suspensions in Falcon 2057 tubes). The
graduated marking on the falcon 2057 tube should face the front of the tube to avoid
deflecting the light path. If using a spectrophotometer, adjust the optical density of
bacterial cell suspensions to 1.3 (range of 1.25 to 1.35) at 610 nm with TE.

Transfer 240 1 of each bacterial suspension to a 1.5 microcentrifuge tube.

Xvil



Add 60 1 of Lysozyme solution (10 mg/ml) and mix by pipetting up and down. Do not
vortex. Incubate in a water bath at 37°C for 10 minutes.

531 Preparation of SSP (1.2% SeaKem® Gold:1% Sodium Dodecyl Sulfate: 0.2 mg/mi
proteinase K).

Prepare 10 ml of 1.2% SeaKem® Gold agarose in sterile Type 1 water by dissolving 0.12 g of
SeaKem® Gold agarose in 10 ml of Type 1 water in a 125 ml screw cap Wheaton bottle or
flask. Microwave the agarose until it completely melts; keep in a 53 to 56  water bath

Prepare the volume of SSP solution needed according to Table 5.31a in the following order:

Add 10% SDS to a 50 ml polypropylene screw-cap tube, then place the tube in a beaker
containing water at 53 to 56

Add 1.2% SeaKem® Gold Agarose (from step 1) to the tube containing 10% SDS, mix by

swirling while keeping the tube in warm water (53 to 56 ).

3. Add proteinase K just before ready to use; mix well by swirling while keeping the
tube in warm water (53 to 56 ).

Table5.31a
Number of strains SDS (10%) SeaKem® Gold Proteinase K
Agarose (1.2%) (20 mg/ml)

1 30 1 267 1 3 1

11 330 1 2.9 ml 33 1

13 390 1 3.5ml 39 1

16 480 1 4.3 ml 48 1
25 750 1 6.7 ml 75 1
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5.32 Plug preparation.

Remove cell/lysozyme suspensions in 1.5 ml tubes from 37  water bath (5.3, step 5).

Add 300 1 of the warm (53 to 56 ) SSP solution to 300 1 cell suspensions; mix by gently

pipetting the mixture up and down a few times.

Immediately, dispense mixture into wells in plug molds. Do not allow bubbles to form.
Allow plugs to solidify for 10-15 minutes at room temperature. Alternately, plugs may

be solidified in a refrigerator for 5 minutes.

Note: When reusable plug molds (2-cm x 1-cm x 1.5-mm) are used, up to 2 plugs can be made
from these amounts of cell suspension and agarose; when disposable plug molds (1.5 mm x
10-mm x 5-mm) are used three to four plugs can be made.

533 Lyss

Prepare cell lysis buffer (50 mM Tris pH 8.0, 50 mM EDTA, pH 8.0, 1% Sarkosyl, 0.15 mg/ml
proteinase K) according to Table 5.33a.

Table 5.33a

Number of samples | 50 mM Tris pH 8.0, 50 mM EDTA, pH 8.0, Proteinase K (20 mg/ml)
1% Sarkosyl

1 4 ml 30 1
10 40 ml 300 1
13 52 ml 390 1
15 60 ml 450 1

20 80 ml 600 1
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Add 4 ml of cell lysis buffer to each labeled 50 ml polypropylene screw-cap tube.

Add plug(s) to tubes containing cell lysis buffer.

Incubate plugs in a 54°C (+/-1°C) shaker water bath (Lab-Line Instruments, Inc.) for 2 hours

Note:

5.34

with constant agitation. When making duplicate plugs (two plugs of same isolate), both

plugs may be lysed in the same tube.

All steps up to this point in the protocol should be done in sequence as outlined
without delay.

Washes

Wash plugs 2X with 15 ml of sterile Type 1 water (preheated to) for 10 minutes at 50 to 54
°‘C in a water bath with constant shaking. Wash 4X with 15 ml of TE, pH 8.0 (preheated to
50 to 54°C) at 50 to 54°C for 15 minutes in a water bath with constant shaking.

After the last wash is completed, decant TE buffer and add 5 ml of fresh TE, pH 8.0, (room
temperature) to each tube. Plugs slices (2-mm) may be restricted immediately with the
appropriate enzyme or stored in TE at 4 - 6°C.

Note: Salmonella ser. Braenderup strain (H9812) is used as a reference standard.

DNA of the H9812 strain must be digested with Xbal to givethe appropriate band
pattern. Follow instructions in the E. coli O157:H7 Sandardized Laboratory
protocol (Section 5.11) for making plugs and preparing restriction digests.

5.35 Restriction Digestion of L. monocytogenes DNA in Agarose Plugs using Ascl

Dilute 10X “4” Buffer (New England BioLabs) 1:10 in sterile Type 1 water in a labeled

Falcon 2057 tube according to Table 5.35a for the desired number of samples.

Note: Wear gloves when handling 10X buffer. Keep buffer on ice.
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Table 5.35a

Reagent 1/1 plug dlice 1/13 plug slices
Serile Type 1 Water 135 1 1755 1
“4” Buffer 15 1 195 1
Total Volume 150 1 1950 1

Add 150 1diluted “4” Buffer to each labeled 1.5-ml microcentrifuge tube.

Carefully remove plug(s) from tube containing TE with wide end of the spatula. Cut off a
2.0 mm slice and add it to an appropriate labeled 1.5-ml microcentrifuge tube containing

diluted “4” buffer. Be sure plug slice is submerged completely in the buffer.

Notes: The shape and size of the plug slice that is cut will depend on the size of the teeth on
the comb used for casting the gel. Gels wells that are cast with combs that have
10-mm-wide teeth will require a different size plug slice than those cast with combs
with smaller teeth (5.5-mm). The number of slices that can be cut from the plugs will
also depend on the skill and experience of the operator, integrity of the plug (i. e.,
whether it tore while doing the lysis and washing steps), and whether the slices are cut
vertically of horizontally (5-mm x 10-mm plug). A small piece or the entire plug
(10-mm x 5-mm) can be digested with restriction enzymes. Using only a small piece
of the plug has some advantages: less restriction enzyme is used; the remainder of the

plug is available to digest with enzymes such as Apal, Smal, etc.

Note: Keep vial of restriction enzyme on ice or in insulated storage box (-20°C) at all times.

Wear gloves.
Replace rest of plug in original tube that contains TE Buffer.

Place tubes containing plug slices in “4” buffer in a float and incubate in a 37°C water bath

for 10-15 minutes.
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While plug slices are incubating in the “4” buffer, prepare the AsCl enzyme mixture according
to table 5.35b. The same Falcon 2057 tube that was used for “4” Buffer may be used.

Table 5.35b
Reagent 1/1 plug 1/13 plug slices
plice
Serile Type 1 Water 1325 1 1722 1
“4” Buffer 15 1 195 1
Enzyme (10U/ 1) 25 1 325 1
Total Volume 150 1 1950 1

At the end of the”4” buffer incubation, remove “4” buffer by inserting pipette fitted with
200-250 1 tip all the way to bottom of tube and aspirating the buffer. Be careful not to
damage the plug slice with pipette tip and that plug slice is not discarded with the tip.

Add 150 1 of the AsCl restriction enzyme mix to each tube. Close tube and mix by tapping
gently on bench top; confirm that plug slice is submerged in the enzyme mix.

Place sample tubes in float and incubate in 37°C water bath for at least 4 h.

5.36 Restriction Digestion of L. monocytogenes DNA in Agarose Plugs using Apal

Dilute 10X “A” Buffer (Roche Molecular Biochemicals) 1:10 in sterile Type 1 water in a
labeled Falcon 2057 tube according to Table 5.36a for the number of samples desired.

Note: Wear gloves when handling 10X buffer. Keep buffer on ice.
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Table 5.36a

Reagent 1/1 plug dlice 1/13 plug slices
Serile Type 1 Water 135 1 1755 1
“A” Buffer 15 1 195 1
Total Volume 150 1 1950 1

Add 150 1diluted “A” Buffer to each labeled 1.5-ml microcentrifuge tube.
Carefully remove plug(s) from tube containing TE with wide end of the spatula. Cut off a

2.0-mm slice and add it to an appropriate labeled 1.5-ml microcentrifuge tube containing

diluted “A” Buffer. Be sure plug slice is submerged completely in the buffer.
Note: Keep vial of restriction enzyme on ice or in insulated storage box (-20 ) at all times.
Wear gloves.
Replace rest of plug in original tube that contains TE Buffer.

Place tubes containing plug slices in “A” buffer in a float and incubate in a 37°C water bath

for 10 minutes.
While plug slices are incubating in the “A” buffer, prepare the Apal enzyme mixture

according to table 5.36b for the number of samples desired. The same Falcon 2057 tube

that was used for “A” buffer may be used.
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Table 5.36b

Reagent 1/1 plug 1/13 plug slices
dice
Serile Type 1 Water 130 1 1690 1
“A” Buffer 15 1 195 1
Enzyme (40 U/ 1) 5 1 65 1
Total Volume 150 1 1950 1

At the end of the “A” buffer incubation, remove “A” buffer by inserting pipette fitted with
200-250 1 tip all the way to bottom of tube and aspirating the buffer. Be careful not to
damage the plug slice with pipette tip and that plug slice is not discarded with the tip.

Add 150 1 ofthe Apal restriction enzyme mix to each tube. Close tube and mix by tapping

gently on bench top; confirm that plug slice is submerged in the enzyme mix.

Place sample tubes in float and incubate in 30  water bath for at least 5 hours. Longer
incubations may be required for some lots of Apal. Sample tubes may be incubated

overnight.
5.37 Casting PFGE Gel and L oading Restricted plugs

Place a 15-well comb in 21 cm (8.5") wide x 14 cm (5.5") long gel form (for 12 samples); use
leveling platform to confirm that the gel is level. Confirm that front of comb holder and
teeth face the top of gel to allow maximum distance for DNA fragments to migrate.
The same procedure may be used for 10-well comb in 14 cm (5.5") wide x 13 cm (5") long

gel form (for 7 samples).

SAFETY WARNING: Use insulated gloves when handling flasks after microwaving because
they will be hot.
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Weigh out the amount of SeaKem® Gold (SKG) to make a 1% gel in 0.5X Tris-Borate EDTA
Buffer

Melt 1% SeaKem® Gold (SKG) Agarose that was prepared with 0.5X Tris-Borate EDTA
Buffer (TBE) as follows:

a. Remove cap, cover top of flask loosely with clear plastic film, and
microwave on medium power for 30 sec; mix gently and repeat for 10-20 sec

intervals until completely melted.

b. Recap flask and place melted agarose in 53 to 56  water bath for 5-6

minutes.

Remove enzyme/buffer mixture from plug slices with pipette and tip. Insert pipette fitted with
200-250 I tip all the way to bottom of tube and aspirate buffer. Be careful not to damage
the plug slice with pipette tip and that plug slice is not discarded with the tip.

Add 200 10.5X TBE to each tube.

Load the restricted standards and sample plug slices on the bottom of the comb teeth in the
appropriate order (standards are in lanes 1, 5, and 10 for 10-well gel; lanes 1, 8, and 15 for

15-well gel). Remove excess buffer with edge of tissu.

Position comb in gel form, confirm that the plugs slices are correctly aligned on the bottom of
the comb teeth, and carefully pour the agarose (cooled to 56 ) into the gel form.

Allow gel to harden for at least 5 minutes.

Unscrew and remove end gates from gel casting unit; remove agarose residue from sides and
bottom of casting platform with a tissue. Keep gel on black casting platform and carefully

place gel inside casting frame in electrophoresis chamber. Close cover.

Note: Loading the plug slices can be tedious; each person has to develop his’her own
technique for consistently placing the plugs onto the teeth (or in the wells) so the lanes
will be straight and the bands sharp. For Listeria, the gel dlices are loaded on the comb
teeth inside the black support bar. Loading gel slices on theinside of the black support
bar allows maximum distance for DNA fragmentsto migrate.

XXV



5.39 Preparation of Pulsed Field Electrophoresis System

1. Confirm that electrophoresis chamber is level; if necessary, adjust the leveling screws
on bottom of unit. Put black gel frame in electrophoresis chamber; avoid touching
the electrodes.

Add 2.2 L of 0.5X TBE; close the cover of electrophoresis chamber.

Turn on cooling module and confirm that temperature setting is 14

Turn on power supply and pump; confirm that pump setting is 70 (the buffer flow at this

setting is approximately 1 liter/min) and that buffer is circulating through the tubing.

5.310 Electrophoresis Conditions

Use the following electrophoresis conditions for Asclor Apaldigested L. monocytogenes
DNA plugs slices when using the Chef Mapper:

Running buffer 0.5X TBE; temperature = 14
Gel 1.0% SeaKem® Gold Agarose prepared in 0.5X TBE

Select Auto Algorithm on the Chef Mapper key pad
Enter 30 kb for the Low MW; Enter 450 kb for the High MW
Select default values by pressing " Enter"

For 14 cm (5.5") wide x 13 cm (5") long Gel change Run Time to 20 hours; press
" Enter"
For 21 cm (8.5") wide x 14 cm (5.5") long Gel change Run Time to 22 hours;
press" Enter"

Change Initial switch time to = 4 seconds
Final switch timewill be = 40 seconds
Press“ Sart Run”

When run is over, TURN OFF 3 POWER SWITCHES, open lid and remove gel.
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5.311 Ethidium bromide Gel Saining

1. Add 40 1of 10 mg/ml ethidium bromide to 400 ml of reagent grade water in a container
large enough to hold the gel to be stained. Place the gel in the solution.

2. Stain the gel for 20 to 30 minutes. Mild agitation will improve the diffusion of ethidium
bromide into the gel.

3. Pour off the staining solution, and rinse once with water. Destain in water for 60 to 90

minutes. Changing the rinse water every 20-30 minutes will speed destaining.
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