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Bacterial Exotoxins: Biochemistry and Pathogenic Mechanisms at Subcellular Level

o

" 4 | e S4d g 579 FAAH A5E AHNEAY =
B Tol %] ALl ZATo A 55 AT GBI A5E vpIAE A A
A G ofr]AF vk, WiFEd] £ FIEE Clostridium botulinum o] 3v) e 58w 5
2o 3t gt Corynebacterium diphtheriae 7} 3385 o] =] g] o} F-4o) &3k KEE
5 4 glor FxL& 7B Streptococcus pneumoniae 7+ 91 # ¢l = €3k Mycobacterium
tuberculosis o] &3 RS & & vk, Wl EF Aol ARk FobR A A AL 25
o) gfiol ok E= 5 .
b Al dAEA Y R, &9 9 F4&(exotoxin)ol 2t H2l-t A& FHIE BT
B#E el 4 %7301 ol wj Ao, o] gb= Ze] Gram |4 B Bole TFF, B
L 9 A Bk AR EE Fithe: Aave ol B YL B AxZaA dF
5 dete] T4 R ek gl oyl FiE: A& AEF(endotoxin)e] 2h
drb. AR AEEYE o)AMY 442 s BYEe Y, oldE xS TAHRESel Ut E

Table I—Differentiation of e xotoxins and endotoxins

Exotoxins Endotoxins
1. Bacterial metabolites excreted into surrcundings Bacterial cell membrane components
2. Protein Lipopolysaccharide complex
3. Relatively heat-labile Relatively heat-stable
4. Highly antigenic Not quite antigenic
5. Converted into antigenic toxoid Not converted into toxoid
6. Very potent, highly specific in the pharmaco- Weakly toxic, less specific in the pharmacologicai
logical actions actions
7. i.e. Diphtheria toxin, tetanus toxin, etc Endotoxins of gram-negative enterics
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60 o] 4

g A o]lfellx g8 R Aol A EY HES ebdel. FIE EH ol® ¢ EFEY de did
TR, A W = R E4o T BRE, PUEE, BEY B, B B £l A
FelH, ol F F BHEY L4 £LER HEol =i HRI T (Table D).

AL Al S dode 4 owd Aol e S5 AEESE, o) Fd A Corynebac-
terium diphtheriae & /FFE¢] o] v 2| o} 542} Vibrio cholerae 7} Bv sk w2 BN
#Fd A8 T2 HIPIE I, =zl ol S40k 4B FRME Al vxF Pseudo-
monas aeruginosa 7+ 3-¥] 3+ pseudomonas /M 4 el BAEES REK J1 ol f4H3E
Escherichia coli €] BRER sled = 2k=ksbA] o F3tax] et

ru[n

(<

=x

ClzE 2ot X

tiss o AEEE B MEEE o BRAERTE HelE o sxe AbaaA) y
AR, 549 £EH HE, BAS dskR "ddA B s H & Az Ag
2 ¥ <+ Yt

1951\ Freeman? o] C. diphtheriae 2] F3 A To] ol s=ve]o}o] temperate bacterio-
phagedl &3 Zd= & okl =& B A YA FAC &E AT o7, Told
Barksdale?, Groman ¥% FEFFHFELRT 7 Toxt gene & Z3 9+ phage(o] 8
B-phage B} H-Er)ol] & F4l3t vl ERAENITTE U

f1N \} = i=8 TR0 T v (eI}

B-phage o 28] 2QAN C. diphtheriac F7U %4 BTk, BRAERTF & 431 F7
BRI, UV.2A, mh Az Ee A% AohE phage 20208 A 40L 7
Freh gAzkE 2q B

S, Bl EHRERE A 8 Tox® gene-‘-’— zZha 9l
E A&7 $8lAE aeration, F-& iron ¥ FE, WAAET g, wekzale] Hastxnl,
C. diphtheriae T5 #EHFEERT TF dstet R4 AakalA) 7k gla Tox* gene o]
phage 2] DNA & olX o] uralx] &9, ] =ZH e|o} -4 SFA7o] phage? Tox* gene
8 4§ whol AL phage o] WAMEAFTY —Holzt EHY + U

o] Ze g o} B4 HFE 62,000 Dalton 4 %2 ER# s} (globular protein)olt}. o] Ek
FEHOEDE o 4.12 = ARE7F A4S vk eh, A 2ol Sa A, 3 F Be
& FEsb 4 *S_-"e‘_ | A FfEe] glx L vk o g odsp A5 Al a4 oFs)

o =el el ol #RY HrFe 7P) guinea pig ol H4£F ISR Y S 4~58 <ol &
T 2T 7 U A4 B F, A4 2o ZASES, & 1) Ev U guinea pig I
Foll TEFAE A AF, 2AFAE dosE Fog ASHESE, ) Hela cell o]y Vero
cell & ZA ) ofAl Zell vhebti- toxic effect 2 FA 87 = ke, b)) =3; 540 A{LBHy #
Hol ursl Al olsl 2 whl A WA EHR A Bow4 HEY NEE S o
o siElAE Foll 2hAl3) FHElksl R ogher.

dlzdleiop gBS N ZE £3] HZHelof o] T dEe FATE 7
YA BiRe R Qi ¥ 2 Ao r AAAE B3 gloy, olrri: A4 A
Hel "oixl 41 ﬂ*‘, Zh, #l, AREAT AW ] 6 BE o8 saEe x4y
A} 8l AT 50 Ao Fol ?EIZ;M EHEEe] 2 9l Aelvh. A7 Aozt g 2=}
o] EHC R liJ«Jl A & T U

AGFEe] vl ZH ot & FAYE AF, FEA el Fio] 3 EHRe| 27Y EE
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AF o Sa A A AR U 61

7 A uk ol B g A AEY AT E4F W MY Ee] Bibe] FENoE o
e gl

ZZ ) ok A ol F4 , HelLa cell 9] 799 %4& 713}
A1 7F Fo Al 2r 3y Roko g Hﬁ_é‘}?’] A2 mr]el = 919 )l (rounding up)¥ ¢ vF7}F, mono-
layer 238 ol 1po}l F-& Al 2ot ®eb, oldW X meke| wispar ohvinl, Al X VEE

U,
o
=

(_j‘:":

o m[o
oit
—-{o

i
Jacs
st
B
ol
rr
hn

Eo 9 ke wbedl, dskR JlE F, Aol AR Aol A He
#HFE 7H3F F Hela cell o] = ¢4 5Y
cpm /noTXN (obm] e Abe] whuldd @ wiZhslbes A )2 A3t
Y = Fig. 1ol 4 2 wpet Zeb sy gh4lo]
. Yy Gl & e 71, DNA, RNA S| &Kol sl
w / s} oux] ikl vlFa AEEG ol
= e o R AR T e S L Bl e e P

5 St 234 Aol o
;:’ o= e]ob E47F cell-free system 2] =k
O _ o Gl Bzl g iks Frvl zhde A
. o, Babsl opul Apksly sl peptide 9
107 7210 7} Fo]1}= & elongation step o] ko] 5}
a3y =zl oz walzl e}, Elongation step o] 2k o}

e 3%

o] 2 A2l polymerzation 3% ¢ 2, GTP, inor-

'r/: ganic ions, ribosome, eminoacy! t-RNA 3 F

HR ZF.2] {4, % elonzation factor 13} 2 (o] 5}
Fig. ;—Effect of diphtheriatoxin on protein syn- P Aol
_ _ T ] A . F-1-e
thesis in HeLa cells, Uniforinly labeled EF-1, EF-2)7} i It EF-1

amino acid was added to cell culture after aminoacy’ t-RNA 7} ribosome off #£v] .4
2 hours of addition of diphtheria toxin. g} 4w, EF-23 peptidyl t-RNA 7} ribo-
come &} donor site ©4-E] acceptor site £ %77} A 3 m-RNA 7} 3} codonmlE &A=
AL ¢ T_ transloceion process o] &% FA4AZ Fx}Fo] oF 100, 000 Dalton 7 Ev}.
ol =g gl ol B4 o] EF-22] 348 R ik 47 ‘—D] o]oll = nitcotinamide adenine dinu-
cleotide(NADH) 7} = g.8be}, vl = elo} 54, NAD'e: EF-29] A3 2p&.2
Diphtheria A
Toxin !
EF-2 + NAD'—————>EF-2—-P—P —R -+ Nicotinamide + H?
(active) (inactive)
N+ A
s |
R—-P—-P—-R
20 % % 9o ol se2 AesHE Aoleh. elsgel AL

o] diphtheria toxin-& &4 %

radio-labeled ¥ NAD+E 4} &35ty 745 3he], E£38) UC-NAD{adenineo] UCo| liabeled = A )2}

3H.NAD*(adenine ¢} 3He)] labeled %1 7 )-& A}-&3krl. EF-2(&3] &7 reticulocytes off 4] o1 &

), MC-NAD* % 3SH-NAD* ¢} vl Zele] o} H4F 25°Coijl 4

chloroacetic(TCA) 2 uF3-& F+k, TCAd A=t E22 radioactivity 2 oz F-40] 4
A

gE 3w olth. NADY A3t % o] =g or Exd 98] #pisls EF-2-R-P—P— R (o]

1 1587} incubate A| 71 5] 5% tri-
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Fig. 2—Correlation of ADP-ribosylation of EF-2
vs concentration of diphtheria toxin.

ADPR—EF-2)98] & gk Sdigkel] &3}
+ 72 2 (concentration dependent) Fig. 24
A 2 ket zkel. EF-29] NAD*Z A3}, ¢
=g} F4o] 3 ADP-ribosylation ¢f] =L

g kinetics = %8 9108 223l wlgicl.

Hasjelel Sak 2e FAH] 2 T
A, A 4ol AR HHA 9ok, o
sH el Fel da EHE Sk QA4

_I:x:.

polyreptide 2 & gl 2 Fs0¢ disulfide
bridges & z+aL 1+ (free sulfhydryle] ¢
H), o]-& intact toxino]z} B-Er}. o] intact
toxin -& E¥ell v E#:-S vFEF Rl cell-free
system of| 4 EF-2% REM(AS = 4%
AL Ao 9= o} intact toxin
% trypsin 2+ gl Ba] g2 A8 4 017%,
&l gt 5"35, A4 AR vfen

= nicked toxin

7/4\-—33-)

o]z} v}, o] nicked toxin & B-mercaptoethanoi o} dithiothretol, Fk y E}——J el Abe] 2

SEEE
2 o

ser-COOH alveN
. arg-C y-
RSH
F;ltﬂ s {;;}&SJ — FH S
g'y - S
-NH,

MW 63,000 63,000 24,000 39000

T NT A B

_ E .

=
w

Fig. 3—Schematic picture of intact toxin, nicked
toxin, fragment A and B of diphtheria
toxin and their migrating pattern by SDS-
polyacrylamide gel electrophoresis. RSH
means any reducing environment.

7}]9] peptides 2 o] 2] =w (intact toxin > F-14ME] & 2 e8] 5 Sl &) pentide
=rh), 7 peptide &= B-x}k 24,0009 2 o] &
= 39, 000 M W A =9 peptide Z fragement B z} e} (Fig. 3). fragment A =

fregment A 2} s} ol & 35
EF-29] ADP-
Zt3
iz ¥lel fragment B: H43t4o] &k,
EE; fragment A & AL, ovle]e)
ot sk=) =k fragment B & 426 A % RgzeE
“P°‘1 FE AAER 5 fragment BL- &
B P H Rl 2 55 ureat} guanidine
i detergents & A 7ba] Fojok gk, o]
b A2 fragment B Wrl: fragment A o
W& AT Fo owol] A= gdul. fragment
A 4] amino acid sequence & 2% N-terminal
o] giycine o] i C-teminal -2 arginine ¢ =
HA D, fragment A ¢ C-terminal
amino acid & A& trypsin o] 2}& 5L

ribosylation €14 enzymatic activity S

a}] nl A

37 H} _u

o] w2} t}2w|, asparagine-arginine, aspara-
gine-srginine-valine-arginine 3} asparagine-ar
ginin-valine-arginine-arginine o] = EHE o)
Fgeh. olel A% AT Re TALE
F3als] spaich,

fragment B¢ (kB s]5d s

J. Pharm. Soc. Korea



AT 9EL2 998 Nz AP 43 63
T8l szl Aol glet, Hela celio] fragement A& figl-S 719, Hela cell ¢ mornho-

logy 1} protein synthesis of] o}F-# o] Alo] ¢l 21} o] HeLa cell o] 4 cell-free extract -2 ¢lo]
ceil-free extract ¢ wlM A58 A EA fragment A vF2 2% cell-free extract & ®}# g4 517}
4 A stE Aol gy A I E fragment B o] TH glo} E&ERr A EWe] =dstEd #F
Fazg Hx Aol obdrt sl F3& € 4 glvh. 5 fragment Brt 54 Exbsb Al xug F
sbebesl Fag G8g b7 @ sk s old] e AP AP A E9L ok Hof
gl A ¢kr}. o]¥W X intact toxin, nicked toxin, fragment A 2} fragment B & 7}r] o} & kAl
ETERES 2o Fod o] F aoksh Table NolA X wpsl 2o

Table II—Comparison of biological activities of diphtheria toxin, fragment A and fragment B of
diphtheria toxin

Toxicity! p Inh'ibition of ‘2 ADP-Ribosylation
rotein Synthesis of EF-2
Intact Toxin -+ + -
Nicked Toxin - + —(+)*
Fragment A - - +
Fragment B @ ? 9

1: Toxicity was tested in guinea pigs
. Inhibition of protein synthesis was measured in HeLa cells

3:No ADP-ribosylalion of EF-2 by nicked toxin in absence of S-mercaptoethanol and ADP-ribosy--
lation of EF-2 in presence of S-mercaptoethanol.

[3V]

=zl el ok B-ol HFhe] B4 WAy, EBM A, T4 £BH S L o &)
A vl g AT sHol ot S47F 5YE Jebly] 8 A Ee) sesE 3y =
entry @ transport o] A= Fo g ATU LHER HIZ Yot = A ZTd] o] & B4R

b old AP & AAH ogA wWbeRd Az geal Aol Yt
oo Hu ol Fael MEl F49 H&H 4 D AATEE PLOE A ugis
d 32 HZele]ol Saol 3k dubAl #3702 & Pappenheiner 8] =F& S 4o}

HRES S ER

=51 (Pseudomonas aeruginosa)o] 4 Ak, -E-u)

i)

ol

Fi BB extracellular substances & Eof
(virulencele] 7bl gk Bl trypsinzh ol b RUAY SWE, F EET I SLPA
exotoxin)o] o}, PA exotoxin -2 s A& ko g s, §Fo] T £ZF Yo, T
Aokl 9 22 wiok AES) RNA T 2 2 ARE Asge] 25 gcho,

PA exotoxin-2 membrane ultrafiltration, hydroxylapatite, ion-exchange cellulose chromato-
graphy % gel {iitration chromatography Fikell &18) 2=, s+ HAslE FAA 4= &

218
Ak, A4, lipopolysaccheride -0 &-f=o] ¢l ok =¥l 2 oF 54,000 MW 9] Exlekst 5.0

Az TAdS sH3lth. o] PA exotoxin & SDS-ge} electophoresis & §1¢ 719, Bxjgko] A
2 gt oF 6709 peptides 2 vire] Avh HAR S4F HY Fab A A 39 qate

o 1=

< (20g 4 #Ad Hell) d~6ugF LB el g,

Voi. 22, No. 2, 1978



64 o] %3 Ly

PA exotoxin 8] {LEBRY 7R o=y g o} F41} E=E fragment A 9 §-413) o & To) &
t}. reticulocyte ¢ cell-free system & o] &3] =y Aol v|x]+ PA exotoxin 2] o g€ 45
2 A3 PA exotopin o] NAD'®] ZEA]3l elongation factor-2 ¢} ADP-ribosylation -& &) 4] #
polypentide ¢] elongation step -2 ¥, Ao 2 bW S-S =& Ao|th®, PA exoto-
xin ¢l 23t EF-29] ribosylation -& <def oF3F 3}% ¢ 2 PA exotoxin & 48 A3t & o] K
-2 FX47]" PA exctoxino] &4 AL doldzlE Aol vl =ue] o} 49 fragment A
9 £} 2 Ao} (Chung, D.C. personnal communication). PA exotoxin &] F A4 4.2 o] &

of Al (el ds 2 & A4 weled vE ol ZH el ok 544 fragment A 4
o] s Ae o7l ofdkx wlhx ¢r=t}, o]= PA exotoxin 3} fragment A a}ole] |

= = v
A el 9% AL SYshE ALE F UM BGA T2} vlkebd 2ee 2ydew

o] ZH el o} E-4-2] PA exotoxin & 414, 4Fo]Ao] ofeme A T ARSI g

t}(Collier, R.J. personnal communication).

S zalelol 549 PA exotoxino] 2% 74l 8w AR
ASER AR delrhA T3] gort o] ol AAAY 3

ol g1 ek,

A stevldl A A v

L =
=
& AR, Efe B9

222l BEF

Fa)| el (Vibrio cholerae)-2 Gram 279 comma #9] A& BEFe s Zuel Ao fEHE
Bz g oA g, 4Als o] T A Hoe Fol A4k, Eulst: B E S (entero-
toxin) 7} cholera f2 9] A=l Heoial 2 o] FFr/ B vl 2 & £ Al 9 A3
27} el E Al

)l A54 94 B3 Bl dixke] oF3 sty A ® H=xluko] 82, 000~84, 000 Dalton 2 & =
wAA gepo.

Zole) AE4£E —% choleragen o] g} st o] & cholera T =bal Robl F¢ w4l Ex9
%ol F47) cholera e8] A Aol FHEEe] 7o izl o] Eolc}.

A, B, ATl Eelzh Fol Aol B FRATE Faoh FEad g QA 4
FEERE F2 Er AE A5t A9 94l Sael 9% guinea pigol o E7] 3
>o) moARRs AR BLE AT r F49 45 2Ygn

A A8 FEL g 94U et W RrhE  erythrocyte?, human platelet?d, x|
=

WA 22 S p] Al 549 EEEEEU S FLagte 2 E 4A 549 92 2382
gt Feleh A54E o] F A ZEY cyclic AMP(cyclic 3/5-adenosine monophosphate)?] £
4 57k C-AMPe] 98] wiAs = 28 gejdate] J3kg ol f12 59 Talet 3502

23w oFAl ol g A9, AFue] C-AMP ¢ o] Abela] Frbse] o] =4 C-AMP o
2|8 phosphorylase-lkinase 7} {E#:{b% o] phosphorylase b 7} phosphorylase a = ¥ = phos-
phorylase a 8] #F-$-o] &3] glycogenolysis 7} AR v}, 2o 4] $el =] Y-1 adrenal tumor
cellef] Zalel AE4£E MPE A5 941, AZd C-AMP 9] o] 3%, 2 A3 steroid 4
B (steroidogenesis)o] k3] 5l )29,

Felvr BW S0 &3 Aol vl A G A, AT EY adenyleyclase & iF (kA A

J. Pharm. Sec. Korea



AT A54 a4 sk gy 44 65
ATP 7} cyelic 3/, 5'-AMP & #R=& 344 i A Axx oz A x0¢ C'-AMP 3¢
Ao w Ao gl 4£usl e DY excretion S A7k o] BB AP FAs)
7F Agk 442 JebdE Zleleh

P=
<]

NH,
vz .
lA\B Mg'H", Adenylcyclase W\b
¢ 0 0 NN + PPe
.M 11 I Cholera- enterotoxnb
OPOPOPOCH/O — CHa ON
O O o,- . 5C
OH OH 0" " T~0 o
ATP C’-AMP +Pyrophosphate
Table III-—Cyclic AMP accumulation in chinese AA olwd 7l =g & FdH 2} 54
hamster c:vary ct.slls in. pr.esence of cholera- 7+ A 22U 8 adeny! cyclase &) jEME(LE S
enterotoxin and its antitoxin
A7l AE A A dx ge, e
-toxi C’-AMP .
Choxlz;jx;?xm (p moles/rms protein) AE 47 A4 28] LEIH2] GM; ganglio-
0 50 side ¢} i =lkst X3} o] ¢, cholera-entero-
0. 001 50 toxin 3} A 1t GM; ganglioside 18] A
C.01 50 o] $-414 o o] £ ok adenyleyclase 9] iF
0.1 50 Beferh o] Fo1 88 ofu] A A Aol
1.0 200 o g} 54 93 iEMILsl adenyleyclase
10.0 500 o EMEE ATP 248 ERSE C-AMP
100.0 609 o fro2 Fors v o F5ae &3
1000.;)l 580 5352:5 C’-AMP g{ E‘E}—l: _121:/(}_3]_:‘—,/]_7&” 7}_ gl
eate
= g g F 1
10-+ Anti-toxin - Eﬂ E]_ AF LT L ALRRS ] Rk ZE}O]ﬂ
100+ Anti-toxin 50 slAuk, wb RS 40 —HE] trypsin o] o

;|A = WiEel v A2z duA Yo F
o} ZAFE4= ok 84,000 Dalton & H-x}ek-& Zvw ¢l v Zael TF5 u] kg AFE-Ydl A o]
BEE SB AA4], o] m3 Zurts 2v}s]9) Gel-electrophoresis G @o] FIHIE®. o]
E-2% sodium dodesyl sulfate-gel electrophoresis o] <la 2719 peptides & v}Fo] =&=d]
b= xjgkoe] <k 29,000 Dalton o] 1, ©}& peptide & -z}eko] <F 53,0000] v}, L=}k 29, 000
&) peptide & “A” subunit 2} $b=] 53,0003 9] peptide % “B” subunit 8} 3k=r] “A” subunit
= Ex}eE 23,000 Dalton &) “A;”3} 5,000 Dalton 9] “A” =% JFold < glvd. “B” subunit &

2=izk 10, 50007‘3 =2 AL peptide 7} 57} Fof o] Fo] x| aggregate & U4 = T,

S Falel A5 4 BHO U Br3ET ol EAe] T dR ¥E Aom dHA Y
. T AA M fEaeR BRY Axaed 28-E 549 subunit Fo] 5~6742] disulfide

Vol. 22, No. 2, 1978



66 o] 4 9
band & dAH] BAEL o] F Rokg e FEul dubel 09 peptide 7} 912513l . peptide
& o 96 5749 thE peptide 7} AL o] B A2 oAl RobE BefTo®.

Sz FWE£ “A” subunit 2 “B” subunitw L 274 o E A ol E 2] 8 &£
{LEfY A& zva gth. “A” subunit+ A Fdgt A ES4£HFE A 2K adenylcyclase &
EHAAA AZAY cyclic AMP & $7H4]7] vk “B” subunit & o]®] %S Zm YA &
t}. 551 “B” subunit & A o] A ge] F= = GM; ganglioside of] & A Fdlek i H4
o} AgFL el “B” subunit & —4% choleragenoid 2l #liv] o] “B” subunit 7} Z&ll g} A

49 FHEM ZA AdEr) | Folch. A Fdlzh ANFL, “A” subunit @ “B” subunit®]

’_—'Eﬂ: 2fy > 58 g oksled Table Fell 4 wE 3ol el

Table IV—Biochemical properties of cholera-enterotoxin and its subunits

Property Whole cholera-toxin “A” subunit “B* subunit

Stimulation of adenylcyclase

Binding to cell membrane - +

-+ - +

Affinity to GM; ganglioside

A ARANA FelehF e E4494FFF B i 34D 2e &3 i oksl
AFe v;%-o’l 2Ed ol: mA ol ukel o] Fslek F&yk AW cyclic AMP S B-& &

A 4171716, o] E7kR cyclic AMPo] @et k& o5 7hx REEE Ao A 7}75“21' A
olel. el guxl zAw kAT 2E 4 Y-1 adrenal cell lineo]ut chinese hamster ovary
cell line¢ & <= ¢J&u] Y-1 adrenal cell s} A& Fdle} AF54 A3 ok7] H = cell o] Y
2l (rounding) 229, chinese hamster cell o] 4= F 2l A5 4 ZA5 o) =& cell o] A3}
(elongation)® 2 549 {5 EAE =<l ot

E40 HuEkonE B9 :a:]zlx]z; ulu] (rabbit ileal loop test)& A= 3lEd] ol E74
54e Qo] YA Aol 2 okBE Fo W F L Lol SF ] el ops Hek AgRE F
A}, phosphate buffered saline <] oF 184172k kgt ¥, 37 <ol 23] saline ] BE(mD3} 3
A70] cm)® WEe T F F A5 49 B Bwgdel AL NEe Fa9 47
A= A Aol b,

2y BH EAS FAMEH ZHY 44#FEFE (Cholera-alike Enterotoxin)

o] ol 2l Faleh EAI A $FQ AT AR dodE AF S A% 2t
erol x| 9ltl. Shigella dysenteriae 7} #EdHE o g2 sl Shiella enterotoxin
£ Zatzko] oF 55,000~60,000 Dalton =] shid e <edd gledl, of 54 44 dat v
N Ba) o] REESH] Faluh B4F A A4E dors FRpHEE ¢ A 00
Klebsiella pnewmoniae 7& 23)5b= H{#D, Clostridium perfringens 2] enterotoxin3®89,
Aeromonas hydrophila 8] enterotoxin® ¥ E. coli ¢] enterotoxin 5-o] Z et B 4ok KA
A Y sy WEEAA 440l dE B HA &uA dvd of sHvl KBE BF
&ol) 8} =gkt gt

=

J. Pharm. Soc. Korea



A 9S4 94 A A3 43 67

dAE v gaFos ddxl E. coli 7F Teldlv &oF, ¥ ekxl, kgl Erl ol el?, AR
T AdAA £ B+ dv F4 4408 FRELR T B gl ulEs . AR 2 E. coli
= —f%°] enterotoxin & A EEEd 2 F e EEizt AW E Lol 4R, G k3 A
E-4(heat-labile enterotoxin)o] . t}E v o] o8] Fiel € @37k gl AL Rk
(1, 000~10, 000 Dalton)£] tl# 18] = 54 (heat-stable enterotoxin)e]r}. heat-stable entero-
toxin -2 & %o} A48 A2 ¥R =d*®, heat-labile enterotoxin -2 773 44l 53
a2l Al 4 o] E 4 dE A A4S FEEBE ey glupl.

E. coli 2] heat-labile enterotoxin(¢]dF LT)& ofal S=3lA Hel=H A Estx gov 2=
2F-& heat-stable toxin(els} ST)eofl wl&] Alebzs] & Ao %2 <A 9. Schenkein er «l49]
Xae &8s E. coli LT & 2=-8 180, 000~200, 0003 =2 SDS-ge! electrophoresis <] £
68, 000~70, 000 M.W 2] peptide &} 15,000 M.W & 9] =2 peptide 2 v}F¢] = €8, 000~
70, 000 M. W 9] peptide = SDS-g =)o} &3] 40,000 M. W & peptide B 2] Rtz H .o
1}, Wishnow group-& o]eof] s <7t o8& 972, & 80,000 MW &) peptide & -agh <=
L} 180, 000~200,000 MW = & <= gt glr}(personnal communication).

E. coli LT & &t ARk, et A5£F 58 AT <) ¥ 53 ganglioside-
agarose affinity columm¢] BRI Ao 8 nol®, E. coli LT €4 GM; ganglioside & X3}
Hol Uag AR & 4 YUvh. EF E. coli LT 9} Ealel A54 Aolo] "9 8A
4 (immunological relatedness)e] l-g-o] &= e}, E. coli LT ¢ GM, ganglioside ¢l d
A, 23 Felet AW 545 HgehA dgA o8 ojFo] Mol E. coli LT 9
g FHFL Afold] T2A {4l dSE AA 5T + U=

E. coli LT & AAlse 55 A48 oy Sz 2548 Y4aste 55 A4
g o) Y adrenal tumor cell o] 1149 chinese hamster ovary cell Z--& ZAulory A EE AHE
)30 o]d= E. coli LT 7} Al w2 adenylcyclase -3 fEME{LAIA AW C'AMP &% &
7t ol 2 Airbx M Ex AL WEAAd R st Aoloh. Tl FF 4L ALY B
78] A& ALES) E. coli LT & ERo] 7153, o8 X FEalet AF Lok E coli LT &
o2l 7kA] Hell A FAtAle]l glin o1& AdE wms) ¥ Table Vel A 2 ubsl 2open,

1
o ©
&

Table V—Comparison of properties of cholera-enterotoxin and E. coli heat-labile toxin

Property Cholera-enterotoxin E. coli LT

Time of maximal effect on gut 3~12 hours less than 15 min.

Mucosal histological damage

Increase capillary permeabilty of rabbit skin + +
Steroidogenesis on adrenal cell -+ +
Ileal loop fluid accumulation + +
Neutralized by cholera antitoxin + partially +
Neutralized by ganglioside + partially +
Competative inhibition by choleragenoid + —
Stimulation of adenylcyclase + -+
Molecular weight 84, 000 68, 000~70, 000

Yoi. 22, No. 2, 21978



ol @

A o Feleh AW E 40k E coli LT Abelell A:{b8ey 3 A EA fabdol slule s
A1 g A ok, BAMERSl 8k Vibrio cholerae ¢k E. coli apelel] B4 Atell Fhe] 5
]

L el 5 (Tox* gene)7h AF §4%A slaxgol e, FFAelol Tox* gene ]
ol o] oluk Aol obelzh, 2elx ol § % o) Fe Tox* geneo| MEd FFo] EAZ F 4
B 3 B4 B4E A4GE Aol obdsb s AL A 3T F A+

ck =

ara (:f=)

AT GELo) od QFE o8 z5E 2o k3 954
Ho 7 Auldld of-& toxoid & vaccination 2% AusiA Hadrh. sEad o8 oHE &
B Ak ool A v Faskd, el 01% BT AREHE T ) el ¢4
9o Ao o maol 83E Bd Aoz 53e A el antioxin & FATeR A
24 2dhE 2R 4 gloh, AA ol Aele “aatel B, B At F4E(oe
mia)el] 2] A4S SRS

ol 93 BTAEMEREIN A AbE] A d 10 Fedel A HE A
-o) efbERRY 1A 4] gk T} Sl e glel. PA exotoxin <& 2 fEERY

pE

71 o] o] =H g o} toxin 2] A} —H—X}sﬁ &u| 299 E. coli enterotoxn % ZJE} Tl B

F\ Pr

¥ of 2 7}=] enteropathogen(#u] HAF)e| AW FLE Felet AW E 48 vl e o Tt
o s B e

2% ol zdl o} skabrb wAE sht ol ubile] SR LR QAEd A ZA BAHT 3
2] orxnb Pseudomonassl] ¢]& 7+el-S hospital infection oz & FA7} . ledl PA
exotoxin & o] 42 A AT FEF o T PA exotoxin & toxoid W} antitoxin ¢] Pseudomo-
nas o] £} 8} hospital infection ¢] o ﬂoFoﬂ 0]% 5l = o) =ybE A7k BE Sbrf.

rf

W BB Ale oA E A gle] & A= dob glvh. FultHEES Rd4L w1
cholera fEfo] o) uFu] © 2 vaccinationo] & &% W= Esbi ¢lvh. vaccination o] &gt o
whr ek Fo0) A4S AAdge] T vl &l Aol

Sl el s Fulepire] Y] Al dFel o 01:71 He F4 A g 4T 22
Aol wlAlo]A wlolvkal Faha gl Rdtoh. 58] of Foll W o] Al s Ful wd AkE
o) A 14zl AAA ST 7 HL de Aol

L
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