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Abstract :

Yersinia pestisis the causative pathogen of plague. Thisdiseaseis still
prevalent to some degree and happens sporadically in Asia, Africa, and
Americas. Besides, international travel nowadaysis extremely
convenient and popular, and bio-terrorism is threatening the entire world.
Those factors make an effective and speedy plague control system
indispensable.

The objectives of this study are four folds: to set up a standard diagnostic
method for Yersinia pestis detection and identification, to prepare antigen
and antibody ourselves with purification capability, to improve our
currently used laboratory methods dealing with the disease to conform
with the WHO standards, and to set up a comprehensive plague reference
laboratory.

What we have accomplished so far are the followings: having
successfully purified 17Kd F1 capsule antigen, made two strains of F1
I|gG hybridoma cells in high production, used purified antibody to prepare
adirect immunofluorescene assay reagent, used modern real-time PCR
technology in developing afast diagnostic test for plague detection, and
established the 16S rDNA sequence as one of itsidentities. Furthermore,
we have completed the 2004 annual serological study by ELISA on 385
field rodents trapped in the international harbor areas of this country.
Theresults are al negative.

Along with the maturing of bacterial molecular technology, molecular
detecting methods will inevitably become more important in the daysto
come. Therefore, our next step in research will focus on something like:
how to design suitable primers and probes, and how to extract maximum
DNA template from various specimens for the purposes of our laboratory
screening and identification work.

Key words : Plague, F1 antigen, monoclonal antibody, ELI1SA
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HEHF2INATFIEE SHRITA () H3 4 AT FFIRAL G

B )2 d BRI o FH 1 7 70-Kbp pCD1 #4 typelll 4 iz
GOl R E AT S RS T S 0 & 5
v (Yersinia outer protein: Yop) f- LcrV F-¢ - 548 2 7z 100Kbp pMT1
#F FL 2% 39 2 &F % (murinetoxin)e 548 3 7 9.6Kbp pCP #
+ ‘@ 7% (bacteriocin) ~ 3-¢ fi* (protease) ~ v i 7% i F-¢ fs (plasminogen
activator protease) **#usa (€% 5 B o pCD1 F# 5 2> Y. pestis » Y.
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it Yersniaspp ig = 3F2 o FE TR HAZ KT C A NFE
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ARBRE DK Fr2 HETEFAT R (K/A) (Yersiniapestis
Yreka, PMBP-0019) » A/A k5 * Aok z ériE 2 B2 pPCP R R R - %
PB. 7]+ Yersinia pseudotuberculosisATCC6902 {- Yersinia
enterocolitica ATCC23715-Flixh 4 2= 2 » 5P X ¢ 4 £ 247
2 BB B MR FEATY R BEPFE 0 &4 5%7 sheepblood

71 Brain heart infusion agar 37°C » 5%CO, » 72 -] FF32 % o

S 4P EUE R F FL &R0

VUBHRE B B BRI T RE 0 e~ 2 RAMA-T0C A i FEE
B FRE 0 RS UK~ i S SO ALE 0 B~ 20 o g AR Y
2.5%NaCl 4z fr= ¥ F 4B~ J§ o Bt ‘}%‘ifi"i@f‘?b’f‘r » 12 Amicon
XM300 %2 YM 10 % ultrafiltration membrane = =x § <~ + § F 4 /R 1§
kg kIR G 30%4 foRt 4k > 54714 11" Seperdex-200
Hiload preparative gel filtration column & 7 % it » = ;2 %+ Gerand

RN g e (11) o

R 8 o e X (A

¢

1. BALB/CAICR % & & — 4> 4 T #4655 37°C 2 % V. pestig K/A )

8



Fithat 2 FieF & X348 10° F 4 0.5ml (56°C60 4 483 &
[£) > 7-56 % & 3 B FE R Bes B o A B i

- T B R FL 20k 3ml(Img/Smil):h 0 & §8 4 Freund
Adjuvant 3ml > 12 = i dEg - 4 5ml £ F = 2R & 2 ek CF
hokg FAATE > & § R4 10ug/0.2ml F ik A - i e (°F
¥ — = ’f &2 Complete Freund Adjuvant ;& & » H s B Fh &2
% 884 2 Incomplete Freund Adjuvant ;2 & 7+ ) > & {5 - S 4%
faz. 10-14 X f4 P~ik 57-20C & * - i@ * P12 56°C30 4 484 4f
WE (12) -

. BALB/c £ Bl - 3+ 4 = & 2 424 Y. pestis (K/IA) ~ (A/A) &
J7C2 25CRrAIFMFR 422X PPdiFF* -

. IR (S - Bl Pristene *t - ¥ %A NS 1w > - 1

SRk 0 B AT ST SR g

v W% ELISA & iRlH& 3

714572 10~ 1~ 0.1 g Fl $#R /1004 | coating % 96 3¢ ELISA

GBI R RN TER c U AR B R L2 EfE 2 370 #

P Bl R & 2 Y. pestis Y. pseudotuberculosis 37°C ~ 25C 3 & % 7%

CER 2 FLE WU 6% B2 Fud i & 2408000 35 B 72 (PHA)



BRIV R RDT K AR R G402 T E0E 4 3% SD T ELISA
cut point i -

% =% 101ugF1Ag 100 | coating 7 96 3¢ ELISA plate » 4°C
overnight(iz # 4z i 16h) - 200 1. I/ well Blocking Buffer, 4°C

overnight - 5|+ blocking buffer, 4¢ 100 ¢ I/ well F P& %8 » 2% 37°C >
30mins° PBS-T wash 5 =t - * HRP Stabilizer #-# HRP conjugate = 1:
5000 > 4 100 g I/ well » #x 37°C » 30mins - PBS-T wash 5 =% - 4r 100
w1/ well TMB substrate > 2z % ;8 15mins > #F % - 4c 100 ¢« |/ well TMB
stop solution’ ;2 fri= 3 # /] w2 "F 4 i€ o3 ELISA resder(MRC TCII,

DYNEX ) > * 450nm 3% B~ OD & o

TRl %Rl 2 g & R de e LT

5iF+ BALB/c# Bl 5 & » #-u v A F FL 9 h 3 1 £ WA
Complete Freund Adjuvant % >;8 & » & & 346 "1 %= 504 g/0.2ml > 14
%S BfEfR & % WA 2 Incomplete Freund Adjuvant 32 & > & & 3%
B2 501 0/0.2mlo14 % {5 & & 3246 %5 vrdr % % 0.2ml( 50ug/0.2ml
PBS2/% ) 7P {3"p HE T x RFLHP T - B AZCERER
THeT 27T LA EEF B R E BLE B AIVERFLR SR 0.2ml (304

gl0.2ml) e 3 1 4 X W B o i & o NSLiw% 3 BRI F £ Beb
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#o AT80RA4E BRGNS & o MU HREERYS e ol 3k
- 422§ > B #&17 DMEM 7% = =% > PEG1000 ;# 7 {5 fr % € serum-free
DMEM i £ - 3 NS-12 spleencell > £:2 & > 50ml s ¢ >
600rpm > 10 A 483 ™ %k » T 3 P FiR 0 MR FE R R e itie

% 37°C %38 2 # 40 » PEG -

B 2asmR BB 4~ 0.2ml PEG F pF - #4556 > & PEG 353
B Emre > RIS A28 40N £ 4 8M DMEM - o 3 i R R
4v »~ 30MIHAT ( hypoxathine, aminopterin, and thymidine) -10%
DMEM » ¥ 353 &% ¥ » J= ‘¥ 2% & 37°Cincubactor 30 4 441 » 5
A3 9%6wel &4 > & well 40 3~45F (200¢1)- 37C > 5% CO,
BiH 338 33 - Lo %% 4 » #7 104 FCS 7 HAT-DMEM >
B 3 s - L0 10% FCS e HAT-DMEM > i = 3
% AT HT-DMEM - LB~k o § fmP2 3075 = {8 £ 2 {7 ELISA &% o

TS S Y F 27 subcloning 2 H &M Ig LBk v & AR o
f

R US  w ECY |
11 10%FCSDMEM 32 % j% 32 % fm¥e $h > 12 PBS jF- ik dme » 33 =
2.5x10°/ml "L 9x#:48 8 % + BALB/c* & 15 & » & 2ml f & % w7 >

H g - i¥3%4 BALB/C % &L 2 pristane 4 % #E 4Eid b 0.5ml > 5 e
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BRGBE K » FA 2 K (- 22 %) 8k 2 > 3000rpm >
15 ~ 48 > 4CHLs “,f—i PR MNEF R oA LB RIEET BB
den s B L2 ) pF o 3000rpm s 15 A 48 0 ACERS 0 TR
1 PBS%f3 > & PBS> 4C# 47 » w fxi%47/% 3000rpm > 15 4 45 >

4OC1‘“—‘;-}§-'U ",/Tf—i ) ,SF‘,\,}L}»: ’ fE‘] i}” yFﬁ.E: o (19)

SR R ¥ kY
fluorescin isothiocyante(FITC)#» DMSO ;3 = 12.5mg/ml - 3-v
B £ Img ¥+ FITC50ug> % if & L v 4 F 7 & — -] FF - Sephadex
G20 K47 e A~ d 304 o T kiRcedil o (14) 15
i i F %Y. pestis ~ Y. pseudotuberculosis = Y. enterocolitica #i-#t

MR P2 R R o A B e

~.16SIDNA 'm B #EE

5P R (Applied Biosystems) #& -2 j2 » g 38 1 2 3

] DNA (DNA # it)» Big 4 Fi%e > 4¢ 20 2| QLAGEN Protease (&

Proteinase K) » Vortexing 15sec » 56°C » *< 3 sample = >3 f# » 4¢
200 1 | Buffer AL » * pulse-vortexing 15sec - 70°C 10min »

Spin-down > 4 200 ¢ 1(96~100%)ethanol > * pulse-vortexing 15sec »

spin-down > |-« transfer 2 QLAamp Spin Column > 8,000rpm 2.~
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Imin > &3 k% > #3740 collection tube » 4 500 ¢ | Buffer AW1 »
8,000rpm &< Imin > ##-Jm ik > # #70 collection tube > 4r 500 ¢ |
Buffer AW2 » 13,500rpm &t~ 3min » i#3m% > £ % 3. Imin >
/] w3 QLAamp Spin Column % F #7e7 1.5ml tube > 4r 200 ¢ |
Buffer AE 2 /= -k » 2= % & 1min->8,000rpm .~ Imin: #7{¥ DNA
AP -20C %5 c ;e DNA S iv 22 - PCR X & ¢ i@ *

MicroSeq Full Gene 165r DNA Bacterial Identification PCR Kit

<PCR F Ji i %>

Pre-denature 95°C 10min
{ Denature (Melt) 95C 30sec }
Annealing 60°C 30sec 30 or 32 cycles
Extension 72°C 45sec
Post-extension 72°C 10min
Final 4C o0

->PCR products % 73 *t -207C
4 +7 PCR products: 2~ PCR products 10 ¢ | > i¢ * 2% agarose’ 7 /& 100V
B3 20~30min- % ¢ = AR ¥ L = i ¥ o bandy - iF i3 460~560bp
=+ 0 Z i = 700~800bp = +- (& # I sampleband ehi= ¥ € i
% £) - PCR products 2 i+ @ & * QlAquick PCR Purification Kit o
Cycle Sequencing Reactions : & * MicroSeq Full Gene 16SrDNA

Bacterial | dentification Sequencing Kit

13



<Sequencing PCR if i >

Preheating 96°C 1~2min

{ Melt 96°C 30sec }
Annealing 50C 30sec 25 cycles
Extension 60°C 45sec
Final 4°C 0

—>products *x -4°C overnight & -20C- B % #f %73
Sequencing Products % it : 4c 70 1| 75% ethanol > vortexing >
2,5009(1,800rpm) -~ 5min > 3 £ + ik o * speed vac 70CH#c % 9
12min » spin-down - Electrophoresis : # ¢ tube % > 4¢ 10| Hi-Di
Formamide (HD) ¥ ;% - Transfer 2 sequencing & * 96 well plate > 3k Z_
sequencing #2;% » F #5390 F 2hr = & 0 B fS #—é'hsequencingfilesﬁ%] »

MicroSeq ~ #7448 * 5 & % -

1 . ™ Rea time PCR = ;% # /|
1 -~ LightCycler FastStart DNA Master SYBR Green| = /2

<PCR F &4 >

DNA Master SYBR Green | 241 » MgCl22.4 41 -
ddH20 0.6 21 + Primer (S,A) (100pM /1) % 5y

Template 5 | Total 20 ¢ |

YpF1 (S) ATGAAAAAAATCAGTTCCGTT

YpF1 (A) TTGGTTAGA TAC GGT TAC GGT

14



<PCR F Jif it >

predenature : 95°C

cycling :
denature 94°C
annealing 54°C 35~60cycle
exension 72°C

Postextension : 72°C
2~ 51 % % < (Roche) = & B % 2 LightCycler-Yersinia pestis Detection
Kit

For use with the Roche FastStart reagents run and initial heating for 10 min at 95°C.

Composition of the Patameter Value Patameter Value
reaction mix
Water 6.6 1 |Cycles 55 Cycles 1
MgCl, 2411 |AndysisMode Quantification [AnaysisMode Melting Curve
Reagent mix 4.0l Segment Segment
HybFastStart 2.0 | 1 2 3 1 2 3
Sample 50! |Target Temp [C]) 95 55 72 |Target Temp [C] 95 40 85

Final volume 20! |Incubation Time [sec] 10 8 15 |IncubationTime [sec] 20 20 O
Final MgCl, TransitionRate ['C/s] 20 20 20 |TransitionRate ['C/s] 20 20 0.2
concentration:

MgC 4.0mM |Acquisition Mode none single none |Acquisition Mode none none cont

Finally the Rotor should be cooled to 40°C for 30 s.

15
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F1 & % s i

[ OBy 5% Rt A d 2.5%NaCl 47 f- Toluene 4 B~ A8 £ & F1 & %

PR M ARE R FA R - e 2 ik S5 4 (6 14 Ultrdfiltration

membrane *« B i g V& 45 - o5 Flae 7 g b+ & “%Tt«i 10Kd i

A DRIk 5 30%4& foar pL sk o F 47 is £ 1% Seperdex-200

Hiload preparative gel filtration column & 47 4 it # (7 3] 3 it F1

17Kd Fh & &+ (fig.l) -

Baker i Fl4uh =2 (20) Aiéd &€ Rhie 7w & 30%% 25%%rfk

SRR S s ~ T4 R 0 F 30%2 25%mnfkddk B A B0

WA ERITS RA FLIR 5 o AP %Ki 2T ﬂﬁ"F' WL EERE o

B 2 A

FELFAREEERE - GRTALAE 5T FHES R O0DE
B 3501 78T " > 56 % 2 ELISA ¥R 237 RPIDIEMEE & (fig2)-

Aot PHAZ Rl F] 14T (o ) RE#E FFL %k

#fh 42 % e Fl 148 OD 352098 12+ -

BALB/c 2 ICR -k Bt A7 7 * B 7 1% A& v t& (Yersinia pestis

Yreka, PMBP-0019) i7 3 52 3 5 F » fdgfdic - B p 5= > B4 X &

FEEA KRR G 0 R R AR R
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ERANREAEHE-

=~ A B,

ik

RE A 7 F1 & sk 34 4 Freund Adjuvant 2 3548 5 B AL T 5
7 A= AR A H fRPURE PRz 4+ incomplete Freund Adjuvant

— KoL FT MR- X R IR EFE% - X357 FRE R g oy o
= (fig.3) 42465 Fl ¥R 4 12% SDSPAGE > 12 % | fil L % h
Western blots » # L 4&46 YP25C w57 2 3 » & FLIA M F & ©

Ble (figd) #Hivisadih 17 kA E 2 Western blots - > 18 3
¥ @ ehband 0 fe % 3t 17Kda ¢h- % band B & i f2 2 -
PERYNSIES FFA2 25 25228 515 NS
% 5 % BALB/C & = #i % -

B H ELISA e p& %

=40 4% 40 * 4 & 10,g/100ul ~ 14 ¢/100ul 2 0.1 g/100ul 35 ¢
coating #«if Jk A& % 0.1 9/100 ¢ | - Cut point value average=0.176239 -
OB &R EABREE P TREWHE - SP B~ F22k 3 2REHSE
TEE-RREE-FFEZ AP FAABRFIENR ¢ FEA R
BE | FHECARE S EE 370 L FHRMOKRKRSL L(Table
1)

ELISA 5 {4 5 5kl chip] L7 £ 217 FLIR M drd|sds - o T

ELISA F e B o 35 2 i £ af @ fois £ 2 ELISA
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B o f B E% o A ocoating well 4 eft T B b RGNS
BT L E iR (P>0.05) ¢ fr PHA 0t it % 4 g
Flimmenig * € » RMZEREHEHEME 2 XWIX L RITHER B
RUNEACE - R FUE S i & ST SRR BT i g
#Bhs tF @t ELISAreader &P A R Blsg B @ % 7 = =yl o

o

Rl

Bedip o il e R

FL & WpuAl 2 f £ 7% dme ) 1%
é_34flﬁ;wellt’ﬂjé»‘]%é€, wPe B % 1% ELISA & = ¢ aiE 1) 1AL
2 1B6 = kB EeFly48 > OD ®35 % 3.0 2 F - £ % subcloning
e T H - e Atk - 4% 1gG HRP conjugate ¥ T ¢ = th35/f F1 i=
819G p & B sz (13,19) -

ATCC 827 P % | F1-3G8-11gA ‘m ¥ th2 IgA Fdll & 2 ‘mb o 4t
LR e e 1 T2 B RPU imre R 0 ¥ 11 * protein A

column i FLIg#tsk v RE 3 A FvY APdkzs &

cHBRBRME T VA k2 A E BT o

Wik Pl il 2 2y b F ki
T3t E PR L] T 0 E 21 ATCC F1-3G8-11gA H thdidl 'm ¥zt

A4 2 e it o A Yopestis~ Y. pseudotuberculois % k% 4
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B8 0 2 200 B AR iR U kAT 4 T (fig5) -
R [ ?fuﬁﬂﬁ*i&"‘% 2k x ’f%:‘i{ l]’# - :Ki’iﬁgg‘f‘l}ﬁ,—% = IgGAM ’5 JD#L
o BRF ARG THAMAH B B e AT A

R e o BRI

16STDNA ‘m &%
Sequencing .?%%ﬁi%l » MicroSeq Librariesl6S Bacteria Library
(Applied Biosystems) =% #L & Y. pestis +* % 100% c4p 1242 > e Y.
pseudotuberculosis 3 99.7% #Ap it o 5 — B bp HE £ o

i NCBI 3=k F > £ 1461bp rDNA & Y. pestis, Y. pseudoculosis #_s ;*
%A ofRNA Wit hE RV 8 - REZETVRT ) BN kR
12bpp @iz ®em o ARSI CHRELET H P FRPT

WML R A PR % ES 227 2 16SIDNA fm F 8%k Sik

™ Real time PCR = ;£ #/B|
LightCycler FastStart DNA Master SYBR Green| = 2 » F1 17 Tm
® & 80.67-81.24 (fig.6)> ¢ red timePCR ¥ & > F Z%pF ¥ » 3

BRI T RIS BHAaZRREFE ARD
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i 4 ézﬁﬁe (15-16) =>4 & * Y.pestisF1 %2 LcrV - A& 714 3%
& if probe i real timePCR & Jis » { #< 2 4251 * %% (Roche) =
7 B¢ 2. LightCycler-Yersinia pestis Detection Kit » 7 #& & 2-i% &
B o H P R B F 2 Y. pseudotuberculosis = 16STRNA 2 7]

2 pMT1 & pCD1 & %8 - 304bp 4% 3% 16SrRNA 2 F14]* LightCycler
Red 640 probes # i8] @ * 16SrRNA zk F] & 4= 12 melting curve(Tm)
J& 68.4-69.0C- % = = primer -pMT1 & 48 cafl z F] % 1 2400bp
#Eoo 1% LC640 probe 323 :Tm & % 59.5-60.5C - % = ‘& primer

% pCD1 ##hLerV A %] % 41 287bp 1 4+ 7K hybridization

probes-LC640 # z_: Tm & # 59.5-60.5C -
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FlET M - HRA ST R IR EERERET NP AL E

"

uijfffj'_fémﬁ/}—s-;,@* THER 3 d B ok #icx m‘mpﬁ;t‘“% 4 EE 5

-

£

&y

PHE R G o okt il F % probe B AF A

G

AL Sl BPPRIDI LA PR SRS b F R AKER

A st 4 ERE AL SFF RERERNEFRMT R 2 S RE
E-FI TR 234 L ERTRHBARDREFREE AR
MR RIDER I PEF ST RO AE B - EAE - 2
- ZAGL o F ARG

B s Fiescn- BB iR mieRl L kG 4 Gk
*E e BRI & B e e cnBl T B AR B R 1 cha (T R
Hoe?HF R 23l 7 AP ERZNFL @#»% TR

AER NSRS EE Y SR LA S SR
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Fig 3.4 [~ FL R T [ﬁj}’ﬁ/ﬁgﬁﬁ Western blots :
(1) FLAb TEFfHéﬁuFE (2)Y. pestis (YP) 257 (blood)
(3)YP25°C (Ascites) (4)Y P37°C (blood)
(5)YP(A/A)37°C (blood) (6)Y P37°C (Ascites) (7) F1
hybridoma cell supernatant
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Fig 4. FE412V F1HVRLT: F [ﬁj}jﬁ/ﬁg} f*J Western blots :
(1) FLADb (2) YP25°C (blood) (3)Y P25 (Ascites)

(4)YP37°C (blood) (5)Y P(A/A)37°C (blood) (6)YP37°C

(Ascites) (7) F1 hybridoma cell supernatant
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