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ol gotsukis Ao HFshed
salg 7k er 5o AEE G0
3 AAES WESIRAE Soglo
£ A5 slshhg g
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7 opelulg. ot
g S AS LS
1 A= AHE
ik A7 =
H]BidA] 2o

T A AF4 7‘3‘“33 g 4 oles T
H ¥ oohEt Asstd SA A Aelrl BAH R,
g, o|™olwnle WA FALD A
moleculee] = surface lectins, cytolytic ion
channel forming protein, phospholipases
(Ravdin, 1986), proteinase(Keene et al.,
1986) o] qlt}, o] Feox F3] cysteine
proteinase= o]&oluniy] WA HaFo 9
3 WPy 2<ln e Beo] Qi Ao ByH
v} 9‘11:]-(14Lls]1baugh et al., 1985 Leippe et al..
1991). ol&olrwle] 57} F8iEael He A7)
d 2 okalS cellulose acetate electrophoresis BF

ol st

CeEA4 19979 69 202, AMHA 19974 9
914,

co] AFE 19959 @&

2205 2jste] o] Folzl g,

WA eA A=z}

BT 249 (]

Fgo] YS-27 el ARk FFR
cysteine proteinase <tz A4S vEbATE YS-2T52 58 A=
sty #HZE 4719 clone-d i),

3% A}, o] cloneZ o)oluin} 7tdxl ¥A A FAIREEL vreh L

= Zleg #EE gl o] 3170 DNA 3 2170

cDNA library 2 u}
o] 4742 cloneg o]&,

e o]43ted M8 A3} F(species) H F
(strain) 7}

Fofre] chzctn ¥ E o
(Reeves and Bischoff, 1968) <2 ExH#-3%
wobe] W) tige] olul IR o] dejoiute
debol FAFULH whoz 4FA BAse} B
Losel hesisin. odebilel 3 % #2 7
3 AT AR E BEa) AT B
Eshxjuiy e g restriction fragment length
polymorphism (RFLP) markers} polymerase
chain reaction(PCR) Se¢] #wt=le] gic}
(Garfinkel et al., 1989: Tannich et al., 1989).
#HZ /A= arbitrary primerg}l 3702] one
base anchored oligo-dT primer& A}&3}l&=
differential display reverse transcription-
polymerase chain reaction(DDRT-PCR) -24'Y
£ ol4sld wwslal s HE ZHe) mRNAA
oAl Az gl ok wis 2F zle]F FUEF
= ¢Jti(Liang and Pardee  1992: Liang et al.
1994). o] uvi¥le 37}z one base anchored
oligo-dT primer2} mRNA poly(A) taile] A]=}=]
& ¥sle] Aua Age] sa) mRNAS| WS
3} F AAAA AT FAY oligo-dT7} F
25 primerg} arbitrary 10-mer primerZ o]4-
{P PCR 4F2& £33= 7lo|c}(Nishio et al.,
1994).
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2 d7e =] FES vkl =
o] Zojullu} MU FalF2) v QA Entamoeba
dispar ¥-gl5-% dl4te2 ¥lAdal #=9ls e
2 A7 A% E Fax) sch

Mz %

1. o|&olmu} bk U St= 22|F
BUy olgobvnl ¥ weFel ¥YS-27
(Chang et al., 1995)& TYI-S-33(Diamond et
al., 1978) wiR) oA F-F wietslylz, PCR ®by
3 RFLP #AHe] 93) wdyes g4
Entameeba dispar & 165 (Lee and Hong,
1996)+= Robinson #]=] (Robinson, 1968)]4]

wopele] BjEFTo s AP Agstan

2. mRNA2| 2| 3 EH|

Total RNA®] %2 & Chomczynski %
Sacchi(1987)2] wi-& W¥ste] ANt 1A
opel AT 1 X 10709 1 ml HAd4N(4 M
guanidinium thiocyanate, 25 mM sodium
citrate, pH 7.0, 0.5% sarcosyl, 0.1 M 2-
mercaptoethanol)@ 0.1 ml 2 M sodium
acetate(pH 4.0)% #H7}stx, RNA Tack™
resin(Biotecx Lab., USA)& AH43te] 94134
Zch, Total RNAE oligo-dT,s7F #2324
(Dynal A.S., Norway)-2- ¢|-£3}e] mRNAS ¢+
£a]gich(Espelund et al., 1990).

3. Single stranded cDNA2| &4
mRNAE F3°2 one base anchored oligo-
dT primer(5 -TTTTTTTTITIM-3 : M& A, G,
rx= C)E AH3ted single stranded cDNAS A
Zalch, FHES d4yE FE 371 mRNA
40 ng? & A7} 242k 2 uMe] primers o]
ERE F AFA} FgPI4L 95N (25 mM Tris-
Cl, pH 8.3, 37.6 mMKCl, 1.5 mM MgCl, 5
mM DIT)S ey, A4 250 mM dINP.
30 unit RNasin, 4 mM sodium
pyrophosphate, AMV &AL 482 10 unitS
718 3 PCR &%%37](Perkin Elmer cetus
9600, USA)E o]&, 42°ColA 1417 Bk 494
Al g A7 70°CellA 1087 Hbx]sled

AMV A} FTE LS A A ZH

4. Polymerase chain reaction
Single stranded ¢cDNA 30 pgs 92 $3¢iEL
A4yl Eftdeg 250 uM dNTPs, PCR &3
o (),38 uM=] arbitrary primer % cDNA 4
Al AHg3E A3 $U primerF 22} 0.4 uM
4 F74gk £ 1.5 unit?] Taq DNA £§548 &
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5. Differential display
F¥EL A4S T3 559 DNA= Liang
et al.(1994)9] WY& Wasld 5% polyacryl-
amide geli}ol#] H7|eiE3slsi1, silver nitrate
dAeoz 22 DNA Fg4-2 vlwste dif-
ferential displayZ 3§ 5153},

6. Slot blotting

PCR %4152 DNAE %3 ¥ ¢] DNAE
F3822 one base anchored oligo-dT primer2t
arbitrary primers AR, #4944 Fo] PCR £F
e AMFTF3AG. AFFE DNAE nylon
membraned] TAA)7]7] $34] nylon mem-
brane- slot blot manifold (Hoeffer PR648) | =&
3 ¥ slotel DNAZL Folgl®) @2 w7t=] F3
AlATh. Membraned ¥4 A AZRAFZ
DNA hybridization-g =83 w7z Ab&ella B
s},

7. DNA hybridization
WA YS-2TF) wHAY S 1659 342
& geneclean spin kitE o] &3le] AAF L,
95°Collq 5 Fqt 9¥A] Az cl. Hybridization

- ¥kg-S A]7]7] 913 hybridization & elA] 1A]7F

Eqt 65°CollA] prehybridizationA] ), oJ71e)] 8
ml hybridization §-& %5 dwAd 3-8 o
o] 65°CellA] ®hAl wbEAlzich. Blotg 5¥3t 23
=¥ fFNeq I3 Avidin-AP conjugate
FENE =X JFY 1:5 00022 FA7) oh
A7yshe] A-Zolld 2082 ¥kgAH ). CSPD ¥
92 1110022 343te] blotell H7bat ¥ 5%
Zb wtg Ak, blots& BE AzAZ F
cassette (Kodak Co, USA) o] Kodak XAR XAl
2% (Sigma Co, USA)& A2hsld 303 %4k}
2t

8. Cysteine proteinase primerE 0|2¢t
YS-27F2RE FEE PCR &2 44

o]u] ok}l o)Aeluule] cysteine proteinase
sequence® GenBankdA] Z4sle] 12F 559
cyteine proteinase +FAlel4] &ql¥ sequence
% 6F79 cysteine proteinase -3 A2 Y-H
500-570 bp4 sequenceZ FE% F 9l=
consensus sequences FA st ogd 2
primer (Ent-CP, Ent-CP3r)E& #|3}sl¢v}, Ent-



CP(5 -ATC-AGT-AGA-TTG-GAC-AA-3 ) . Ent-
. CP3r(5" -GTT-CCC-CAT-GAA-TTT-CTA-A-3" ).
2 F Y5-2759] genomic DNAE PCR(95°C 30
&, 45°C 30&, 72°C 30, 453))% E9 223
3 AAct. A A3 DNAE random primer
biotin DNA labeling kitE Al4-314] cysteine
proteinase ¥32 &5 slot blotell 2% nylon
membraneo| T3 A]7|37 DNA hybridizationel
ot YS-27F MW ZZY PCR 4E
cysteine proteinase -FHAIEZHE Wy ZZg

2 ZAAstsic

9. cDNA £ & cDNA library 2

oldelelvle] HE2¥E P2 mRNAZYE
cDNAE #A4517] $18] AMV 214} §45 o]4
3le] 1st strand ¢cDNAS gAsd9 . DNA
polymerase I(Promega)-& ¢]£5}s] 2nd strand
¢cDNAE HF A3 FA™E cDNAd
EcoRI/HindIIl linkerE £o¢]3, AEXlox vector
(Novagen, USA)d| ligations} ¢} o} . o]
recombinant DNAE phage %53 U247 in
vitro packagingg A A¥F ¥ Escherichia coli
(ER 1647)7} €215l H-agar platec] plaqueE
27X %}, PhageS %23 % chloroformd I
7hsle] R@E)elich

cDNA librarys 7 43s}7] ¢3] phageE E.
coli(ER 1647)% E£33le} vi}tslz nylon
mermbrane<| blottings}lg ., WYA o)uulel A
FolHeg HIH AES blotin®® TA§ 93
2 2 DNA hybridizatoing $=#3le] YS-27 S0
plaques Zropligic]

10. Immunoscreening

LB iAo £F A%l BL26(DE3)(Novagen)
<+ 37°C, 250 rpme2 ¥ wiokgh 3= SM gk
Bel] 1:4,000%2 F47 phagesd “FAE 100
W& A3 37°Coll4] 3087F £F A Eo phage
7} A= EE slgrk. 2 & top agaroses} &g
3t 2x YT plate $JolA wiekd & 10 mM
IPTG (isopropyl B-D-thiogalactopyranoside)si)
A4l nitrocellulose membrane (Bio-Rad Lab.,
USA)S DXivh 23 ohA) sfepstel s
HL fE3k4ct. Membranes TBST £99(10
mM Tris-HC], pH 8.0. 150 mM NaCl, (.05%
Tween 20).22 |33tz TBST + 1% Azdo
2 AAgeh 1A ol doluiul by Al
AL 1:60022 H5Aste] 147 Bk HbgAH
o}, 273832 alkaline phosphatase conjugate
goat anti-human IgG (Caltag So, USA) &
1:10.0002 sAste] 147k S whgA]7] 7,
membranes CSPD substrate2 2] oha
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Kodak XAR X4 ©&(Sigma Co, USA)ol| 7}3A]
A ¥4 cloned #alstgdr),

a4

1. PCRel #X=} W arbitrary primerel &
A

mRNAZE F3o2 sl oligo-dTy;A, oligo-
dT,,G. oligo-dT;;C primerel H§ z}zte] single
stranded cDNAE A8 3 70709 arbitrary
10-mer primerE =% o2 #7}34 PCRE =%
ek, 2 A3} oligo-dT,A%} oligo-dT,G.
oligo-dT;C primerE AR&3F A2 PCRe] % of
i}z 11709] arbitrary primerZ 2rold = ¢)g]

t}(Fig. 1 & Table 1),

2. DDRT-PCR && 22| Faiekt
PCR 3439 s 27|95 oz um
& A ookt w8 #AE £ gldd}. Oligo-
dTy;Ce} =%3te] AR 11709 arbitrary 10-
mer primer % #232 primer$} 23 o] 434

G (o A
NP P NP P NP P 8

| |« 2,072 bp

@ |« 500 bp

Fig. 1. An example of differential display using
one base anchored oligo-dT primers and one
arbitrary 10-mer primer (#228). P denotes
pathogenic Entamoeba histolytica YS-27 and NP
denotes non-pathogenic E. dispar $ 16. Arrows
denote the bands specific for pathogenic E.
histolytica YS-27. S lane denotes standard size
marker of 100 bp DNA ladder.
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Table 1. Number of differential amplified fragment of the combination of 11 arbitrary 10-mer and one

base anchored oligo-dT;; primers

Primer Primer No. of Differentially Amplified Fragments
Acc. No.2) Sequences A c G
208 5" -ACG GCC GAC C-3' 3 3 7
212 5 -GCT GCG TGA C-3’ 6 4 2 -
228 5 -GCT GGG CCG A-3’ 7 9 8
235 5 -CGG TGA CAT C-3' 4 22 15
250 5 -CGA CAG TCC C-3’ 6 1 3
268 5 -AGG CCG CTT A-3' 0 1 0
270 5 -TGC GCG CGG G-3' 0 2 3
282 5 -GGG AAA GCA G-3 2 10 11
284 5 -CAG GCG CAC A-3' 11 1 2
287 5 -CGA ACG GCG G-3' 0 0 2
299 5 -TGT CAG CGG T-3’ 0 1 0

aAArbitrary primer accession number ol the University of British Columbia Canada

PCRE 33 FF4be FEofi2 22719 DNA
7} HiA FoAn FFF Zlew AP oA,
#282 primerol4 1071, #228 primerel4 97§,
#212 primere# 47), #208 primerel4] 374,
#250, #268, #284, #299 primerdl X Z+z 174
o] YS$-27Fol| ¢k EAste o] AL, =
oligo-dT;G primerd Al8-3F 7-¢ #232 primer
s}2) zFhol ] 1570, #228 primero)A] 87, #208
primerol| 4] 77}, #250, #270 primerelA 22t 3
N, #212, #284, #287 primerelld zhzh 2709
YS-27Fn 23k £8e BEed 5 Judt.
Oligo-dT;AE AF-3} 7 $-olli= #284 primers}e]
ZFA 1170, 4£228 primeroa] 77, #212.
#250 primerd4 247+ 67, #232 primers]4] 4
70, #208 primerel4] 370 #282 primerel|A 27
2] YS-27Feat EAlsle £8E HA¥ 5 94
t}. 37}#] one base-anchored oligo-dT primers}
1170 arbitrary 10-mer primer(Z 33719
primer &34 FFALES] =7)= 100-2.500
bp Aolol TEalelw, ATl vehie
B3 2% 144707} A

3. Y8-27F0jM BEE DNAS 74 24
YS$-27%¢ S 1659 DDRT-PCR ZZALES
Yo} A =¥ cDNA %L o]4£sle] DNA slot
blot hybridizationg- 33 ZAx} 31709 MAA
2Z)8 50 AAR YS-27F 3 =A3te
mRNAZ ®e| ZE3 DNAYS zZbg Felsgic)
(Fig. 2 & Table 2).

4. Cysteine proteinase primerg O|&&t
YS-27FE2HE ZEF PCR M2 HM
= It slot blot

Ent-CPs} Ent-CP3re] primerE ARL-sjA YS-

275 DNAE PCR %3 A7} target 27|17} <
510 bpal FEALE-2 FHalslsdr}, o]e] cysteine
proteinase 3#-& o]4a]4 DNA hybridization
2 $#3% Ax 31719 YS-27 specific PCR &
EXE FoA 21707} cysteine proteinase]
mRNAZ %8 %3 A5ds 4 5 Ut

5. cDNA library Z44
Cysteine proteinaseE codingsty ¢l+& 7122
galdl 21709 Z2Z4HE X o= RS A9y
c¢DNA libraryS 7 4¢ A3t 233 hybridi-
zation® clone 32 SAE £ 9]t

6. Immunoscreening

31708 YA Solzql HE4E S cysteine
proteinase® codingstx gle 21788 ALg o
Wz 10708 SEALE S|4 #2329 oligo dT-G,
#2503} oligo dT-G, #282<} oligo dT-G, #282%}
oligo dT-C®] xe= e ZEA 510, 540.
400, 870 bpe} =71 Z+ 1Y FHF4ES A
254 cDNA libraryZ A4 =t cloned &1
3}3 o] 52 in vitro protein inductionA] #c}. °]
Aoluinte] R A AL Al43 o
immunoscreeninggt A3} 0] Z 4719 FEAES
o] anti-Entamoeba histolytica A<+ ¥3 3} uke
e @2 codingdln glv FAARZYE LE
% mRNAEZRH ZZ% cDNAYE Faldd 4 gl
itk (Fig. 5). oldolwiinfol] Zrd=lA] 92 AMHH
A ure3le cloned FAFHA] Worel

L

3%

2

B A oldolvnlz e By daig
NS codingstx glE FAAE ol A%
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Fig. 2. Identification of DDRT-PCR amplicons of differentially expressed genes by DNA slot blot analysis
using the pooled DDRT-PCR products as hybridization probes. Duplicated sets of the reamplified PCR
products of the selected 31 YS-27 specific amplicons were immobilized onto nylon membranes. Each
membrane was hybridized with the pooled DDRT-PCR products from Entamoeba histolytica YS$-27 (left)
and from E. dispar S 16 (right), respectively. Amplicons representing differentially expressed mRNA are

indicated by arrow-heads.

Table 2. DDRT-PCR products hybridized only with the probe synthesized from the pooled DDRT-PCR

products of Entamoeba histolytica YS-27

Primer Size Primer Size Primer Size
combinations (bp) combinations (bp) combinations (bp)
dT-A: 212 800 dT-C: 284 220 dT-G : 232 1,400
dT-A: 250 800 dT-C: 232 1,000 dT-G : 232 1,300
dT-A: 250 600 dT-C: 232 990 dT-G : 232 1,100
dT-A: 250 480 dT-C: 232 800 dT-G : 232 1,000
dT-A: 250 350 dT-C: 232 700 dT-G : 232 200
dT-A: 228 850 dr-c: 232 620 dT-G : 232 800
dT-G : 232 620
dr-G : 232 500
dT-G : 232 ) 480
dT-G : 232 430
dT-G : 250 550
dT-G : 250 380
dT-G : 282 400
dT-G : 282 280

Z1ZEAFEA Wl Be|F(YS-27)ek elwaly
B F(S 16) 7kl mRNA L¥Ae] Ale)E i
7] $1sl4 DDRI-PCR 244& $8siedc.
DDRT-PCR EAw-& 7o wa} Zolxoz w1t
# == mRNA®] £ (Liang and Pardee, 1992).
Tz FIANE 235 mRNAY §
A (Sun etal, 1994) 2 414 2pdel mpE %
T2 FAx HH el S w2 st=d (Hunbank
and Schatz, 1994) Adzdoz 4% v} g},
7142 PCR WHel 93 DNA =7-& %37
2 #)4]= target DNA templates] A2 A9l 47]4
9L zZ+e 2709 specific oligonucleotide primer

7F Faste . o] 59 ML Yl e target DNA
o gk 31 d AR AAEeiol e} e
7)ol 82l o}rnle] DNA A7l dxw el Arj
A PE03 3449 A glo], o) AFAE
PCR# 9] &g wehstz] a4 DDRI-PCRYL
AREsiT). o] uhyi-g 27ie wlwaElwmAl e F
well glel4] mRNAS] Ze]E 43y wjes
7129} PCRY¥} v}2 AL 47|xde] Hxrt o
A=A ek arbitrary primers} 3} 7§2] basez}
225 oligo dT primerZ o]&3}o] Zalelxo g
FEF =4 mRNAYS #old AL = gle
Holr}
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Fig. 3. Identification of DDRT-PCR amplicons of
Entamoeba histolytica cysteine proteinase genes
by DNA slot blot analysis. PCR reamplified
products of the selected 31 unique amplicons for
the YS5-27 were immobilized onto nylon
membrane and hybridized with the PCR amplified
sequences of the E. histolytica cysteine proteinase
genes, Twenty-one amplicons representing
differentially expressed cysteine proteinase mRNA
are indicated by arrows.

Fig. 4. Result of the immunoscreening. Dots on
each blot denote the positive clones detected by
anti- Entamoeba histolytica human serum. (A)
clone #232-G, (B) clone #250-G, (C) clone #282-
G. (D) clone #282-C.

2 o]l DDRT-PCRe| &3] & 144719
$5o] WalA olvule vt ehis S Held
WA, o]F FollA YS-27Felvt 8= mRNA
23y %3 cDNAE thA 5437 34

DNA slot blot hybridizationg 583 A# 3]
Ao FEAEC] YS-27FdlA wdde] ZvR
mRNASLE Bolzoez 225 7S #UA¥
gladct. o1& 31709 YS-27F Bo| £ZA4ES B
S uslr] 98 cysteine proteinase #4212
Jrre w@x o2 Al-43l= DNA slot blot
hybridizationg 3% 25}, 21718 FFAEC]
cysteine proteinase mRNAZ 3-8 Z5% DNA%Y
& Y 4 9l¢rt. Cysteine proteinases} ]
Holoju} wWlAdzte] Ab@iAlE o] elwnp 4
Al BREE WYX o]Aelulvlrt Eu|
proteinasese} HAsA Azt=le] gloky Ra¥
v} glt}(Gitler et al., 1984 Lushbaugh et al.,
1985). Ravdin(1986)< thiol(cysteine)
proteinase®} ¥ moleculeEo] o|doldule] ¥
Qe Flofdee A4 vtk ol AelululolA
AA|E proteinaserx cytopathic effectZ o}7]|s}
=, cysteine proteinase?] specific, irreversible
inhibitor:= trophozoitesel| 2|3+ tissue culture
monolayer cell?] ==& ARtz A
(Keene et al., 1986). o]&eolrn} 3] A
proteinase7} Zlo] Poist oz Mt}

T A olviulelrRt BolHg g HHEe
elg 2Aste RS 2eEle 1 54E £
Aslel WA v A o] aloloiu} zhede)
< 75EA 817 913 A3yl #abE] =T gl
o} (Huber et al., 1987a & b; Orozoco et al.,
1993). weld FujellM wAshs o]AofulutA
Aol gk Ay W] z27dEE 38 AS
T Hgrt o] FA & gz wala] olufulae
ARE Bol o g whlEl= thilAg Auisls A
25 grslr] A P9 2eFR e 249
cDNA libraryE 7¥ste] #9A strain-specific
cDNA clone2 zrohlj 3 o] cDNA clone2 in
vitro protein induction 4]zl ¥ immuno-
screening .8 74 ste] YS-27F oA So|Ho
s gha-g codingshy gl FHUAE FA
stazt el 7 A YS-275 A o) &
Ql®l 317 ZZALE FoA] cysteine proteinase
9o s £A9 2Y 20 Al iz
1070 3 4708 S50 Fale] WAL o] 4%
immunoscreening2 £3te] =gt Feld
4709) @9a< codingslx )& cDNA clone|
EAL oA Felskx] Zetgnk. v o] 59 F
FA4E0] AA= ot oluuldle EZAEA] %
Tzl vhale] vl ETh ¢he® o] clones
sequencinge] o] Fo{Z el o] % o] &sA o]ae}
el WY Fd aAEs 9 7 3l
< 7ot}
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cDNAs encoding the antigenic proteins
in pathogenic strain of Entamoeba histolytica

Kyung-il IM*, Jong-Tae CHOI, Yong-Pyo HONG, Tae-Eun KIM and Mi-Sook LA

Department of Parasitology and Institute of Tropical Medicine,
Yonsei University College of Medicine, Seoul 120-752, Korea

The differential display reverse transcription polymerase chain reaction (DDRT-PCR)
analysis was performed to identify the pathogenic strain specilic amplicons. mRNAs were
purified from the trophozoites of the pathogenic strain YS-27 and the non-pathogenic
strain S 16, respectively. Three kinds of first stranded ¢cDNAs were reverse transcribed
from the mRNAs by one base anchored oligo-dT);M (M: A, C, or G) primers. Each ¢DNA
template was used for DDRT-PCR analysis. A lotal of 144 pathogenic strain specific
amplicons was observed in DDRT-PCR analysis using primer combinations of the 11
arbitrary primers and the 3 one base anchored oligo-dT;;M primers. Of these, 31
amplicons were verified as the amplicons amplified only from the mRNAs of the pathogenic
strain by DNA slot blot hybridization. Further characterization of the 31 pathogenic strain
specific amplicons by DNA slot blot hybridization analysis using biotin labeled probes of
the PCR amplified DNA of cysteine proteinase genes revealed that 21 of them were
amplified from the mRNAs of the cysteine proteinase genes. Four randomly selected
amplicons out of the rest 10 amplicons were used for screening of cDNA library followed
by immunoscreening and all of them were turned out to be amplified from the mRNA.
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