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Conditions for Heat-stable Enterotoxin Production
by Enterotoxigenic Escherichia coli
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T A BFE e oy A54E Fabshe] A
AA3E dosls Aew Iz YUoh(Sack, 1975;
Gurwith%, 1977; Sack 5, 1975).

old Y  #Ea(heat-labile toxin; LT)= B} gko)
11,000 =9 widzs FdetEier FUFzs
f-At3te] (Gilligang-, 1983) W E=] AL  adenyl
cyclase& ZA4sAA 44HE K249 Zden ¢y
A glor (EvansE, 1972; Guerrants, 1973) w94
A5 4 (heat-stable toxin: ST) & 23afd] wa} 2=
zkol 1,000¢1 4 10,000714 =) 2w 1 ¢l ot (Kapi-
tany g, 1979; Bywater, 1971) i # 2 v el & 8384
ST wletg v]-Eelda STIS 2557 9= da
2 9ol A gl o] (Burgesss, 1978; Greenbergs, 1983)
guanylate cyclase® #43AA A48 {27 = 7
o2 otedA 9ok (Guerrants, 1980; FieldS, 1978)
AEL g oldy %4 2 gy FE2E
AAst e AAdgiel ot AT o E ¥, Qe
Aol vt XY FTome ofE WU AAFH F
HEA ot AFA Tl o3 AA4F3e AP
ol AR AEeA WHdut g FHn gl AAo
o} (Aimoto%, 1982; Gianella%, 1976).
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WHO collabolating center for phage Typing &
Resistance of Enterobacteria, Division of Eenteric
Pathogens, Central Public Health Laboratory, London
of Al Fdwre K coli 0148H28 (ST'LTHE W4
AE4 AATFR, E coli 015H11 (STLTHE 4
& TFE 77 ALty o)
2. WX|EIE H oA
Casamino-acid Yeast Extract Salt Broth-2(CYES-2)
A& Evans$ (197438 wWe] #el A Falg oo
| A 2 AS-5 M9 7 = NeidhardtS, (1974)¢)
o wet A A2 AQAL A Dy gl ol
< N sted 5N NaOHEH e 2 pHE =48 %,
AANAZ AEeAch g g dyAdez wie]
A7bet glucosamine B! ZHE 271 20% (wt/vol) 2|
A g AAste] oz} HFd 3 (Millipore, 0.45
pm), 4°Cel BsledA g g Ao Aue] ALgargch
vi ope ol A F3lE TF+F Nutrient Agar Slantw] =] o)
vl °‘=‘5'F°-‘] Age A rAstd g g o] CYES-2u 7]
= Mol Ao 3 Ao ksl frlel gls Fo
+ %*6?04 WA 40mle 0. 1ml® A Fsheio,
Wi k-2 250ml Eelaze) oA 40mly Y= F&
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28 F 37°Col| 4] New Brunswick rotatory shaker&
Ab8-8ke] 244 7 A g gkskgd o} (120rpm).
3. Hdgassae 53

Gianella® (1976)9] wW¥e] w2} Infant Mouse
Assay & A g3tgch. s 9shd, 7 A gAdE 5,680
xg® 308 YAFHd 42 wiFLFd L AeddT
2 orgrA 29 AR L, BF g 39" HH
o] # (ICR) 3=t 25ul4 ?é:r"—Er@} stz 25°Ce]
A 447 4HE ¥, chloroforme 2 314 A7 = & -
Bte] 3ubele] AFAY b BXFA Fa w
(gut/body ratio, G/B ratio) & T8t} ol ATF
gk ] ok A A dol] = wf F A4 H Imled 2% Evans Blue
L8 Bule do] FodgozN o n wiFAAY
ol Az AT AL HAHE ) A AYnta o)A
A AELE Q4sht Hdd FET LAEA gx
E. coli 015H11 strain® 59 z:a18ol 4 w o¥she] o
Z2TFLE Aok AREL A4 rﬂz%zox 343}
A o kAl ol 25#1_?_ ©? 2o & 227&4 i
2 G/B ratio HFA7 0.0538L£0. 001824 Z57}
0.06-2 =48t sgten o Ase 4519839 A
o} Taslg ez gAutse] JFE 2519837
7o) G/B ratio 0.0700] 422 Atglct. WA Imld
WA AFage 25uF Hd /B ratio 0.07°] 4
& FA7 = v gAEY Hage 1992 Ftn A
AR ) oF AR A o £ -"Hfﬂiﬂ*i“ﬂﬂ-f’ﬂ 40% F3hed A
Imlg HEd A5cuks A4 syt

4. BEY HED SHEH
—EJQL? 7= 7 (Spectronic 20) & Optical Density (0.D)

22 54 (590nm) o AF=4 2 FDehy ok,
o =

1. CYES-24iX|2] el ¥x7| pH7t 2SI WY
M OESALMY OXE HE
E. coli 0148H28(LT+ ST*) T3 % pHsl 7.0, 7.5,
8.0, 8.5% 9.028 77 =45 CYES-28 A« A&
stz 244 b 2 gl o} F, Ao pH, 0.DE Wy
A AExge AT (E D.
wWerzsle pHr 7.00 Fl7ledE A7 FAL
wokot Wl S0 F4we pHE S ® 9.02
2 24" WA 1,280p/mlz 77 gokch =g
% 0D, 1% Ju4d 2524 8%@ A4 48 =
AFA2 pH7 859 # sb4 ekskeh
2. CYES-2{ X0l X2 READ HGYHHE MM
CYES-2u} Aol 4| FHA 5 HEA AF2L4E A7

& 4ol RelBe 2A—

Table 1. Effect of initial pH on growth and heat-
stable toxin (ST) production in CYES-2

medium
Initial O.D. at pH at ST ST
pH 24hr 24hr (U/mD* (U/0D)
7.0 8.5 8.8 640 75.3
7.5 7.5 8.6 640 85.3
8.0 7.0 8.7 640 91. 4
8.5 6.0 8.8 1, 280 213. 3
9.0 6.2 8.8 1, 280 206. 5

*] unit: minimal amout of heat-stable toxin that
gives Gut/Body ratio more than 0. 070.
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Fig. 1. Growth and ST production in CYES-2 med-
ium. @—@: optical density of culture fluid,
O—O: pH of culture fluid, [J: heat-stable

enterotoxin umnit.

98 2L A% 29 1 Re DAE A9 T3
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3. CYES-2 s X|0il &7tE & ol WHESE
EAMAN QXE 9E
CYES-28] A o] glucose, galactose, {ructose, lactose
o sucrosed 27 0.5%3 A FHrHEm T w et
o] T BT A HELY AL v]HE d e HBY

e o

o

A3} glucose, fructose, lactose T sucrose 5& WG4
AE2 A4 AF FFE FA G AR Ve
Yool galactosed 0.5% H7He Aol R4 A5
49 <kel 1,280U/mi2A dizFRcot & Ed
(Table 2).
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Table 2. Effect of sugars on ST production in
CYES-2 medium.

Table 3. Effect of glucose concentration on ST
production in CYES-2 medium.

ST(U/ml)

Sugar added
Glucose (0.5%) 640
Galactose (0.5% 1,280
Fructose (0.5%) 640
Lactose (0.5%) 640
Sucrose (0.5%) 640
Control 640

4. CYES-2HiX|0f ZT=Ete| o7t Z23an W
Ad HFSA YN OjX= HE
EEgol A AHKx Gao oAz g HF
A Mitchell5-(1970) ¢ Folasts Sobn 2 1% ubd,
Alderete5-(1977), JohnsonZE(1978)& A &zE 7}
2 -Leky Bsle] Auks) AE Ho]Z gle] o] A
2 5}7) el CYES-2uf e glucose® 0%, 0.5%,
1.0% 2 2,0%% 22k Aststz o gt 54, W
dA AFa 44 L pHHEE sty v (Table 35.
glucose® 1.0%, 2.0%47F& @AM FU4&L
glucoses A7tetAl @& A4 vl xdtgot WA
AExo] AL AE BAHA goror glucosed:
0.5% 478 Aol FTEEe] 0D 912 H2ES
O.D. 542 953 Fotot A4 F a4 AE
o

2y F 0D, 1% we A4 glucosed Y7hst
A ke Ao} 118 584 glucoseE 0.5% 3 713 735
o} 70,327} ok B¢k (Table 3).
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Fig. 2. Growth and ST production in CYES-2
medium containing 0.5% glucose.
—@: Optical Density of culture fluid
C—(O: pH of culture fluid.
O: sT

Glucose / ST
croar;icoerr:t- 0.D. pH STU/mD (U/O.D.)
0% 5.4 8.2 640 118.5
0.5% 9.1 8.1 640 70.3
1.0% 5.7 2.6 N.D.* —
2.0% 4.9 5.0 N.D. —

*N.D.: not detected.

q 8354 &) 9l sl glucoses 0.5% A 7HE vl A ol
A AZPEE FEAD N ABa J4FS 23
A (Fig. 2).
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Table 4. Medium for Enterobacteria®

Comp. of Medium (mM)

‘Component -
TR

KH,PO, 22 100 100 33
KHPO, 60
Na,HPO, 42 50

(NH,). SO, 15 15 8
NH.CI 19

MgSO, 1 1 1 1
FeSO, 2x1078

CaCl, 0.09 0.09

NaCl 9

*Cited from “Culture medium for enterobacteria”
(Neidha1dt: et al, 1974)

‘Table 5. Effect of carbon sources on ST production
in M9 medium.

Carbon sources O0.D. pH W /'rrnl) pggtlltctmn
Glucose (0.5%) 35 6.6 N.D* —
Galactose (0.5%) 3.4 6.5 40 11.8
Fructose (0.5%> 3.0 6.8 320 106.7
Lactose (0.5%) 3.5 6.5 N.D —
Glycerol (0.5%) 2.0 5.0 320 100.0
Sodium lactate 3.6 81 640 177.8

(0.5%)

Sodium succinate 1.2 9.5 640 533.3
(0.5%)

Glucosomine (0.5%) 3.8 7.2 1,280 336.8

*N.D.: Not detected.

o glucosamined Bt R JUiA Pz A3 A
$o = FEAE O.D. 382 vz Fgon WY %
2 AAss 1,280U/mlE 713 E9o. =3 sodium
succinated- B9 9 oA dez AL AL, T
224 0.D. 123 ggtevt WA AE4E 640U/ml

2 =Zgton Gy ARE 533.3U= 714 Eoirh
6. MOu{X|ol M glucosamine2| =z 8 ZIE 0|2
of MAHZ WEMH HE2 YM0 RX= FE
Mol x| o] A glucosamined] FE=E 23tz ZF
o) &g AAEL A, NAA AH4 AL FF
A& 333 A} Table 698 448 €9k glucosa-
mined] ¥%-F 0.2%, 0.5%, 1.0%=2 ge3d ¥F
Az a4y AE4L A4S #ag A}, glucosamine
9 Fxrb Foldd wet TFAL gHelAv HEAA
Eag AL 0.5%99  1,280U/mlz o 2o GEH

J}ﬂ4

& o) Fed e EA—

Table 6. Effect of glycosamine and salts concentra-
tion on ST production in M9 medium.

Component added ST Unit
and /or 0D pH (U /ml) production

subtracted

0.2% glucosamine 2.0 82 640 320.0
¥ CaCl; & NHCl

0.5% glucosamine 3.6
¥ CaCl; & NH CL

1.0% glucosamine 5.0
§ CaCl & NH,CI

7.7 1,280 355.6

6.5 1,280 256.0

0.5% glucosamine 0.4 8.2 N.D* —
by MgSOA. (NHg)zSOa
0.5% glycosamine 0.3 82 N.D. —

¥ MgSO.(MgCly)

0.5% glucosamine 3.8 7.2 1,280 336.8

*N.D.: Not dectected

glucosamine?] FE=Z% 1L 0%=E F7HNA B S = o
44 LFaE YAke] FoEA G ¢ F YA
CaClyst NH,Clg Al A% 2 fo] WdA A5 44
e Adz d3sk dodov MgSOg: (NH).S80.&
WA el Mg*e AATE A9+ MgSOE MgClz
Adted SO AAF Aol TE4 7 HEA A5
Aol AH ol FoiAA el Mghs 50,72 FF
17t JdA 5L YA FaF A8 A= AL ¢
e 9dvh =ebA KH,PO; 22mM, Na, HPO, 42mM,
MgS0O, 1mM 9 glucosamine 0.5% 2 4= =7}
Wl FEE Yabol J13 A¢F ez AAs o
EEEES
7. glucosamine saltdy X|0f A} H{ X272 pHI}
H e S0 LHEM IS A0 0X= g
glucosamine saltil A 9] o k7] pH7} FEA 2
g4 FEL i v|AE FE Golrrl Had
glucosamine & 0.5%% & wAle pHE 7.0, 7.5, 8.5,
9.00.2 2 =4 AFsted] FEAS KEd A5
2 A ALS #AE A5t Table 79 44 & Aok Wik
2719 pH71 8.5¢0 A9 A4 A5 Q482 1,28
U/mlz 713 ggoes #5445 0D, 5.58 713 &

Table 7. Effect of initial pH on ST production in
glucosamine salt medium

>~ H.

4

2 glucosamine saltw] =] 2} =

Initial Final ST
oH 0.D, oH ST(U/ml) (U/O.D.)
7.0 4.5 5.3 320 71.1
7.5 4.5 5.4 640 142.2
8.5 5.5 6.6 1,280 232.7
9.0 5.0 6.4 640 128.0
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Fig. 3. Growth and ST production in glucosamine salt medium,
@—®: Optical density of culture fluid, O—C:pH of culture fluid [:ST
Gtes AELY degaSE 232.7U0=A A ¥ A7 WG A2 Ao v 9, Lxho]
o} (Table 7). WA A54s Gl nA e G3dg Faste o E 7
8. glucosamine saltdi X| 1A 2 REAL Py 28 WL 54 Jad AEE FANAE A e
s 4u Fon FAuAdA oA 2AE FeElERiA g A
glucosamineg 0.5% o] &gzt ouAfoE AEL Aol GFE vlAlE 2EEE AAEAT
& A A FEAF HAY AHEE A Weid A%z A4l A3 w2 KHPO, 22mM,
AR E #Aste Fig 3.3 e 444 dgith Na;HPO, 42mM, MgSO; 1mM, NaCl 9mM, glucosa-
glucosamine saltel] <o H o] FFA& vl oF 64 ko] - mine 0.5%% T4 3 glucosamine salts medium-&

of A= el vl eF 164 kel FA 7] E] ziod f ARG o o WAMANY WY AL L Agke
d4 ASa QAL Wk 647 o] Fool Al FHo Wik CYES-24) 7] 8} Sl 37y} wghe}.

1624 7toll # o) 8ke]l = oH3ted glucosamine salt ¥ =< JohnsonS(1978)& o7 7-E ¢ pHE 8.52 8%
AL CYES-241 e Al g} =] FFAe]l A3 o Fz el WA AEL Aale] Fadoin wustzm
FolAH Mg Fx A4E vlad A ARl gk, AAEe] Afo] % CYES-2wf =lofl M ] ek xr]
TEAe] A 22 TR G 1647 AP B o3 Delsie) WRY AR 4L FAY A} pHA
BEE 4 7 A (Fig. 3 7.00 AAAEFE FEAL oA} O FEx A
A 5 A 0D 1w gidade ads Iug

o 4 glol (Table D V44 A5 A4S A= W

2719 pHE 8.52 24 %& 30| 714 % ohis Johnson
o

Wed 2F4 AAE A% AdAEZA WG 435 FQwsd Ads TIL AL 94 F U9
2§ vhg JASAAE 2 2ol wad WA AR 28 FAMA NN W FzAe) pHA W A
Blaia CYES-2 bl Ao A wiekz>e] pH, 2% 2o} Ex AL E FEA v ke DAE 179 A
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stelld€ Hed g A54 g4fo] wipzr1e pH7) 8.5
A AFel 7t B AL 5t F548 CYES-2
uj R o A 2= 3w ka9 pHr 859 AL 7}
Z ®Weol ¥ & 1e 2e F3 Qo3 (Table 7).
Ak o 29 glucese H7ME  cyclic AMPeo] &4
operonel] &g FAM 4] oA E}E T2 Hen
& A Qe (Gallos 1972; Epstein$, 1975). =&
Alderates-(1977) 3 JohnsonE(1978)& Wi 4 FE&
/‘3 40?]5 glucoses A A7 & &tz 2og b 9ol
T HAH 95 CYES-2 Wix|e] A2 L3 8 o
F—]zﬂ"i glucosed A7t WdA B=4 Y4wss
A E Age AL glucosed 1.0%0) 4 A7s 7
FolE B4 AFL Pabo] AH o FojA A ghgke
o glucose® 0.5%87be A $ol= A Nady A=
& AAgdE A e F4 ot v @
Td A4ate] AdHA SHAAFE Fad AAE 2
o (Fig. 2, Table 3), glucosel= WA F= 24 A
AAEAE Adote AL 92 £ Q4. 2
glucose’} WA FHE AL AL Ae] ZE
@ At ALl 98 catabolite controleix), ofvw =
EofAbel e fubE) = pHY ARst Mgy =
& B 4L A EAE Table 2, Fig. 39 Az
Z43A gkoteh
22t Fgui A4 cyclic AMPE Hedts A=
7t 12 t}& glucose, galactose, lactose, fructose,

1)

glycerol, sodium lactate, sodium succinate @ glucosa-
mine$ Bt4Y ¥ iR Ye s AL Yo A=
& A4 W3 43 Table 59 A75 2w cyclic
AMPE 713 wo] §uldz = glucosamine-& (Epstein
T, 1978) daflez A48 A%, 1,280U/mle) g
A4 F5ast 44sglen cyclic AMPE o] $x3
< sodium succinate, sodium lactate, glycerol 7 <,
(Epsteing, 1975) 320~640U/mlg] # 22 €2 ud
AAE£7F 445 w9, eyclic AMP 4 418 o 7] 3=
ERDE B Y2® 8 A udA BS540 4
H AasA e} ZEgo]l WdA AE2 A4S A
Bt @ AL catabolite controlo] o8t Aoz A3
o}z cyclic AMPE ol $x=3l% lactose ¥
galactoseE Bl4 9o 7 ALLH Ao g AFa
A 0~40U/mlE #) 9 o} glucoseo] o g W A
F54 YAAdAE cyclic AMPAY 4o 7o gl o] 2l
AL obd Aoz Agdu oo Wi FrdEst Do
ot ARG

AAF] NPA Az Aol Refdhs 2A—

g4 g

ZEA dage oy FHx Jad dge 34
v} &} (glucosamine salts medium)E A &3tz CYESH
A 2} glucosamine salts vzl A Wedd A54 J4b
o JF& A 2488 FAFL A ot 2 A
A& A

1. =4 dAEe] Wd4d 54 4 abe] = KHPO,
22mM, Na,HPO, 42mM, MgSO, 1mM, NaCl 9mM,
glucosamine 0.5% 2 T4 ¢ glucosamine salts medium
o] 7@ A g3t

2, A5 dAge gy BEL Aol w g

719} pH7} Fastgl e CYES-2 414 3
salts Wi Xl o) A 27 pH8. 571 7t A fetgl ot

3. glucosed] A7k g4 #E54 44g dAA
A7 AdAges A7 A& catabolite control”]
Aoz 4=

1 glucosamine

—Abstract—

Conditions for Heat-stable Enterotoxin.
Production by Enterotoxigenic
Escherichia coli

Nam Ung Yang, Ik Sang Kim,
Woo-Hyun Chang and Seung Hoon Lee
Department of Microbiology, College of Medicine,
Seoul National University

A new minimal medium for heat-stable soxin{ST}
production has been developed. It supports the pro-
duction of ST of enterotoxigenic E. coli equivalent or
better than a complex Casamino-acid Yeast Extract
medium. The minimal medium consists of basal salts,
NaCl, KH;PO,, Na;HPO,, MgS0, and glucosamine.

Other seven different carbon sources were examined
for their ability to support the synthesis of ST.

No ST activity was observed when glucose or
lactose was used as carbon scurce, but when fructose,
or glycerol was used as carbon source, significant
amount of ST was produced.

Sodium succinate and sodium lactate support high
production of ST though lower than glucosamine.

The data suggest that ST synthesis is rep ressed by
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glucose via catabolite control but not entirely by
cyclic AMP.
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