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Biological Properties of Vibrio vulnificus Lipopolysaccharide
and compared to those of Escherichia coli and
Salmonella typhimurium Lipopolysaccharides

Kim Yong Ho, Pong Hun Rhee, Hong Dae Sin and Shin Won Kang
Department of Chemistry, College of Natural Sciences,
Pusan National University, Pusan 609-390, Korea

ABSTRACT: Vibrio vulnificus Lipopolysaccharide (LPS) was extracted, performed chemical analysis,
tested its biological activities, and compared to those of Escherichia coli LPS and Salmonella typhimu-
rium LPS. The lethal activity of V. vulnificus LPS was 138.6 mg/kg in mouse, but this was lower
than those of E. coli LPS (56.3 mg/kg) and S. typhimurium LPS (37.5 mg/kg). The result of fatty
acid analysis showed that V. vulnificus LPS had more saturated fatty acid than E. coli LPS and S.
typhimurium LPS. Above results indicated that V. vulnificus LPS did not have much effect on the
lethality. The results of biological responses of enzymes and blood cells by LPSs showed that V. vul-
nificus LPS had slightly greater activity than E. coli LPS and S. {yphimurium LPS. V. vulnificus
LPS was recommendable for stimulant on interferon induction becausee of adequate stimulation and

safety for host and cell lines.
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24 ZA)s}x 9lem, Peptidoglycan, Lipopoly-
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wjoll= Interferon(IFN), Interleukin(IL)
Tumor Necrosis Factor (TNF) So] &34
Well F2]5]e]2cH(Shim ¥, 1979 ; Williamson
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g BRM AAdtolle 77 ofE slE F59
LPS 7} o] &=oxla gir}(Machara E, 1977),
£3] Kusumoto %-(1985)el ¢lsle] LPS 3419
Ealeta & 4 Sl Lipid A 7F HA S o
ol2gk @4 Lipid A o o7l HE#E o] &
g BRM 5 Aol ol shiksio] A 7o
2 7ld=el, BRM S @A) mod 27 A8z
o] o]f-xlojzly Y+ [FN 9 F5 o=
oe] v]AlE FE LPS & o83 ol77} giskel
E_Q(Matsumura %, 1988), &<+ 2w Oﬂ o=
Zoll Hgk zA B xalalo] 7l _?:
Vibrio #te] 444 v]g-E<]
&, 1982)2] LPSE o
e|AE Fo] LPS o vl AEd Ane Bag

}, 04
u}e]—xi ATl M= Vovuinificus & LPS &
Zotod 3heke], A8 E4S kel w PN %

T A AN RS sAlE) Baal 5l ou
DH.L a|ME2 A Escherichia coli ATCC 25922
o} Salmenella typhimurivm ATCC 14028 28
B LPS & F%3lo] Aglsiaic},

S ERCTRT

T3 U x|

E. coli ATCC 25922, S. typhimurium ATCC
14028 = @l Reldt V. vulnificus 5 37°C
ol 41 Trypticase Soy Broth (TSB, Microbiology
system, Cockeywi le, MD) & 24 A] 7} %oF A &}
woFstdar | V.o vulnificus were NaCilbg/D)%
'vrﬂ/‘]iiDHYoshlda 5, 1985),

Al

Hexadecyl trimethy! ammonium bromude,

E-Toxate + Sigma(St. Lewis, Mo USA) A%

< AHESEd A ARbal H4E Aeke B Merck A
Z8 oplu G4l dolgr ul g zdr

lar

i
i

d)
England) A5-5

12  Roche (Basle, Switzer Coulter

(Northwell Drive luton. Reds.,

g,
AI%EE
C57 BLL/6N Cri mouse (20-25g) 2} 70-75 4 =
Spragne Dawley rat += ol 2w ah &) S8k A o)) 4]
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Aofdbola ARg-shed

LPS 2| =&

Westphal ## (1965)0l &al t}e-7} o] =
Z AA)sodnt, Acetone & Z1xA)7 Al S =
T2 33 AHE o, 100ml F5F5el 5
A7 34 &2l sonication A1ZaL, 4,000X g oA
60 +7F AAHHAA AAbg Fsled of 7)o Fak
ol 909 aqueous phenol (wt/v)S 7} 3} of,
65-68°CollA 20 7} homogenize A17] &, 10C
2 WA 4,000x g ol M 60 % ot A= AF
& s ?43}1, A Aled] fH 0P°’1 Y =235 3

+ %

Faict,

v/v)g 7hakan o4 3000><g°1W 10%7 HAA
Aok

“dZololl  Hexadecyl trimethyl ammonium
bromide & 7}ske] UAIAHA]7] Abzolg 3971

5%%011 FAHAZL & FE3led 100,000% g ol 4]

ZAReIg & 54 A2AA ARt

uff oF %%%‘—8— 63-68% (v/v)el EtOH 2 e
¢ & 0xgollAl HAAA4  90% aqueous
phenol (w/x Zzb Aol A5 e FAe} FadshA
] ‘3] skt

At FA

Lipopolysaccharides 2mg -5 100C 2M HCI
ool A 6417 Fob 7HEEEA7l = 10ml ¢
CHCl; - MeOH 1 H,0(4:10: 5, v/v/v) Zeloj
ol 7za)gl ok 2M HCI 2 AR slsle] 109
BF;-MeOH & 7¥‘3LE 100Col 41 30% E£qt
methylation A]7] 3 W 2+4]7] 1 n-hexane © ethyl
ether(l: 1, v/v)E 7}sbe] 2B methylesther
T FEsled GC FAE vialoel o] Supelco
standard (Tech. Bull. Supelco, 1982) % tx= 35}
o] MIS (Microbial Identification System, H-P)
ol Al Aupake FA sk

MEEHMo| £

20-25g 81 C57 BL/6N Crj mouse % Sprag-

ne Dawley rat (1 % 5Hrelg]# o 235te] £ 500}

219l mouse % rat s ARE)E ARESted LD,
(509 lethal dose, A& x%-o] 509 5 =o]=d)
Hed LPSe S HAsida, 2ug/miol
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Shigella flexneri LPS & <Atz 235led Sigma
AF2] research reagent kit & ©]-€3%}d limulus
amebocyte lysate & 48 S48 (Tai 5,
1977).

o, "ML W AlZARY BAEE vm
A7) fetd (AP TER rat 5 AHE) 24 LPS
9] ratollA] 78k LDs, 92 pyrogen free phos-
phate buffered saline (pH7.4) 0.1m/oll £3f4]
7] Aol diddsle 5ulEl#e  Spragne Daw-
ley ratell AFARRE 30,6, 12, 18 A 7177449
Rat #lue] Alanine aminotransferase (ALT),
Aspartate aminotransferase (AST), Lactic acid

o{

dehydrogenase (LDH), y-Glutamyl transferase
(GGT) ¥4, Blood urea nitrogen (BUN), Blood
sugar &%, F W7, P A7 o &
a5 27 SAE

F Wdys, & AT 9 dadsE
Coulter S+1V 2 =Aslgiedl, olufl 7|A9 o
ZzE 4C plus-e— ZIARE]E Q.C. & 28351t

A A F T4 19 Brilliant Cresyl Blue & ©]

£
_QL—;;]_;] z_x-]o}o:l or_q '§—_/— ;—J%—. _9_./?_1-&1_/:: ol 1;3

[}
& Gilford IMPAC 400E COBAS MIRA & 4}
&35ty 27 1 24 o] FEE Z2A518I T (Tietz,
N.W., 1976),

Interferon assay protocol

s

96 well micro titer plate(Costar)el WISH
Cells (Amnion Tissue, human)< 50,000 cells/0.1
ml/well o] =& 10% Fetal calf serum ©] 3%
z MEM media(Gibco Laboratories Grand
Island New York, USA)ell 3] 4stod zbzke] well
o 3k D}—— 37C9 CO, incubator o4} 24

]7L slekAlZ]l B A8 % 3249 3A4dte] Az}
EolYE wellol AFslw oW 7k7ke] plate vt
1001U./m/ 9 IFN-2 EAlo] AZgch oy
37C2] CO, incubator o4 24 A7} wijeF 3 2,000
-3,000 TCID 50/mi¢] vesicular stomatitis &
challenge g}, 35C¢ CO2 incubator o] A
18-24 A17F Bk wlekA]z] & 0.5% crystal violet
in saline, EtOH and formalin £efo 2 <dalzlz]
},

Gzt A4k B4 wigeld A AsE
550nm ol A FFEE ZAste] TF PN vl
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sfod AlAbgeL,
Zn o o
LPS e F=&

wekel 17w slaw Az dARR Vool
nificus 7} 3.1g/l & 7bA gekw, LPS & Al
FE= Voovulnificus 7} 3.0mg o], whokaE
Ao ZRE|E= FE coli 7} 160mgog Ao
0.62% (w/w) 7} sl4=e] 7b3 who] FZ&E 9t}
(Table 1),

X|gHat B

7 gAY FA" F oAb e V.
vulnificus 28%, E. coli 39% °] 9 12, S
typhimurium 2| 73-%- 53% olich, ZF #F7F &
FHo2 7lAln ¥ AEMARS C11:0iso 30H,
Cl4:0,Cl6:1cis = Cl6:0°/gx o &%
Tripalmitolein # Tripalmitin ] o] Z3kx]o]

Table 1. Final yield of LPS from bacterial culture.

dry weight LPS (mg/whole culture)

bacteria (g/h pellet  supernatant
V. vulnificus 3.1 3.0 10.0
E. coli 2.6 1.0 16.0
S. typhimurium 2.1 1.0 4.0

Table 2. Fatty acid composition of V. vulnificus, E. coli,
and S. tvphimurium LPS.

% of total fatty acid from LPS

fatty acid V. vulnificus E.coli S. typhimurium
C11:0 iso 30H 2.24 0.75 0.60
C12:0 ND 5.86 ND
C13:0 ND 0.71 ND
C14:0 2.01 9.81 7.49
C15:0 anteiso 23.53 ND ND
C15:0 30H 36.66 2.37 ND
C15:0 ND 17.49 17.55
C16:1 cis 6.34 23.02 27.29
C16:0 17.71 13.28 14.28
C17:0 ND 0.79 ND
C18:0 8.95 ND ND
C19:cycloC11-12 ND 1.38 2.01

ND: not determined
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ek (Table 2).
a8 V. pulnificus LPS ol 2ol Z3+H ubab
2 C15:0 30H 7} 36.66%, E. coli LPS &

C16: 1cis7F 23.02% °l 2 2L S.typhimurium

LPSolds 1] Cl6: 1cis7} 27.29% & 714
vol ghrse] gl A Aq] chromatogram

= V. vulnificus LPS ol 23} xubatb ghepo)
wot oo wbsl WzdF E colist S
typhimurium LPS oA £23}t z|ufal deko]
Bes ol o gl

MEEMo| £

LDse ¥ Limulus amebocyte lysate gel &4 : =t
LPS ¢l mousell g LDspw= AgFol4 V.
7hAk ol 138.6mg/kg o, S
phimurium ©} 37.5mg/kg & 7P Fkoud,
rat o418l LDspt mouse & 7-%9} FAksladct
(Table 3).

vulnificus 7}
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Limulus amebocyte lysate gel &4 A&
FDA E. coli Endotoxin-reference Lot EC-2 %
reference & &l A&7t + 0.01-0.03ng/ml ¢l
A& kit & olgsld &3 25 0.1ng/
m/ o3t} (Table 3).,
TN Fo| FaAgMol EH:
ylether & ©hg & A=z
30 % ool 2,000% g of
o] 4C vﬂzl-;r_oﬂ .
TEHE 2 AFFQ V. vulnificus 7¢ HY
A 2 Tel S typhimurium H BEUA ol =2F
oJ E colz oﬂ a}-g—,}_o% Z& 2 j@'_/Ls‘zlx«LO_ 1031;}
St YAzl i AR GGT & A
& 37k 4% 53] A Fobt dAg 54
LDH ]\ v+ (Table 4, Fig.1). LDH, ALT ol
A= "‘]i Fol & A7k Aol webi 2 o)

38t 7z

E

oo

S
o
o =
40
it
r—lﬂ’, [l

rlr jg

>

Hab st o, ASTE 37k &4 & g4
Z ) ol
Table 3. Endotoxic activity and Limulus activity of v. ot AL RARE S, typhimurium 2k A\ 915k
vulnificus, E. coli, and S. typhimurium LPS e AZE Aol wlel A Zobels AR W
LPS Limulus test LDsginmouse LDgginrat =
(ng/ml) (mg/kg) (mg/kg) Blood urea nitrogen (BUN)2 A& #FZ7)o)
V. oudnificus 0.1 138.6 116.7 AT zfolglo] o FrbE AR Bdn V.
E. coli 0.1 56.3 483 vulnificus o 73-F A g5 F 647k o4l o
S. tphimurium 0.1 37.5 25.6 & ATl wmlskd g = B34S Held
mouse : C57BL/6NCrj, rat: Spragne Dawley (Fig.2) .
Table 4. Changes of enzyme activity and blood component in rat by LPS(LDsgp).
Enzyme ALT AST LDH GGT BUN Blood Sugar
(107D aush (U/m)) (1u/) (mg/d) (mg/d)
control group 30+9 90+ 17 105+21 S5+2 21+2 98 + 16
6 h 37+5 109+7 316+ 17 12+3 26+4 109+ 8
V. vulnificus 12 h 36+6 108+4 274+ 15 3+1 23+2 112+4
18 h after 51+9 123+9 213+ 27 5+2 24+3 128+6
challenge
6h 27+5H 37+8 175+ 11 2+1 21+2 109+8
E. coli 12h 31+5 50+6 218+ 19 5+1 25+ ] 112+6
18 h after 29+7 71+9 168+ 13 7+2 24 +1 98+5
challenge
6 h 58+5 197+9 435+ 18 26+2 92+6
S. tvphimurium 12 h 39+5 96+ 9 143+ 31 21+1 113+ 6
18 h after 34+3 74+9 147 +22 + 23+2 13747

challenge
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Fig. 1. Changes of enzyme activity in rat by LPS (LDsp).
1:6h,2: 12 h, 3: 18 h after challenge
(1: ALT,EZA: AST,EE%: LDH

~100 | dd L
V. vulnificus

S. typhimurium

Blood Sugar & =& ATFTolA Alg Fof
3 A7 Aol BT 5% 7t A &l
vlste]  Frleideb 12 *17L AgollA oA
14% Z7bEged 1 F 18412 AgEelMe
V. vulnificus ¢+ S. typhimurium ANA 369 714
7t (Fig2), oleh 22 A s F
olol] 3l pyruvate kinase el o8] dA|= e
2 33tdo] k= Snyder $(1971)9 e}
g,
el Mjxzeo| w3l
el e 7 AE F Ul 5aFoio dsle 7

Q)
2

M Ry

Table 5. Changes of cellular element in rat by LPS (LDsp).
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30+ n

Increase (%)

-30 3
V. vulnificus

E. coli

Fig. 2. Changes of BUN and blood sugar in rat by LPS
(LDsp).
1:6h, 2: 12 h, 3: 18 h after challenge
(—J: BUN, E£5] : blood sugar

S. typhimurium

FAo] & AZEL ‘éiﬂ, el ol Al=hy
A AZFoli 9 - A
v} (Bradley, S.G., 1979), ¥ A3ollx& White
Blood Call{WBC), Red Blood Cell(RBC),
Reticulocyte (RETI) % Platelet(PLT) & Rat
Salgdol o] T AL 47 HEFS ZAHA
t},

RBCell ®l8l WBC,RETI % PLT ¢ #H%ol
e AA 7] ddhEe 4L FHe
(Table 5), WBC v} RETI = F7Fst= 9bd PLT
dAeA Atasle dae HERA S (Fig3).
WBCE V. vulnificus & 6 A|7F Aol A
Azl wlsled 68% %7}, RETI= E. coli

1841 7k Aol A 133% S 7k S

fo o AN e

cellular element WBC RBC RETI PLT
(% 102/mm3) (x 105/mm3) (%) (x 104/ mm3)
control group 85+26.3 7.65+0.25 1.2+0.4 8.61+0.56
6 h 143+24.3 7.58 +0.62 1.5+0.5 5.27+0.78
V. vulnificus 12h 92+18.3 7.43+0.54 24+05 2.75+0.26
18 hafter 98+21.7 7.56+0.21 1.8+0.5 5.82+0.61
challenge
6 h 98+23.5 7.43+047 1.3+0.3 5.47+0.23
E. coli 12h 105+17.1 7.53+0.19 15105 2.95+041
18 h after 93+20.5 7.90+0.63 2.8+0.5 5.04+0.52
challenge
6h 89+19.8 7.42+0.58 2.0+0.6 4.05+0.44
S. typhimurium 12 h 79+24.5 7.23+0.57 15+0.3 3.75+£0.32
18 h after 107 +21.7 7.68+0.53 1.0+0.5 4.02+0.41

challenge
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V. culniiicus E. coli S. typhimurinm

Fig. 3. Changes of celluiar element in rat by LPS(LDsp).

1:6h,2: 12 h, 3: 18 h after challenge
{1J: WBC, EZ4: RETL B PLT

typhimurium 2= 6217k AgFollA 67
whd | PLT ¥ V. vudnificus 12 A7k ‘éﬁ‘lf“ﬂw
Pzl vlsted 689 7Rl a4
Ao Alsad A7kl FakshA Aol 2ol
wjsled 359 ofshe] dAel ZaE Molm 3t
(Fig.3). g F7hsls Azgd3d WBC/F 2 4
stglel AkskAl Fotel SAlE Holn 9w
RETIoll M= V. vulnificus 7¢ Z74sl Aef S 2
FAshaL Qlot, B coli ol A 1747 ol wfel
A 25%, 133% % dAe Frhe Mol wbdol
S. tphimurium AN A= 6 A7F ATl 67%
2 ZopEdvoh A el whel 259 2 kA
of 18 A|7k Follv= bz vlszgh 35 o
E!»LHOJ

Rat (HIH Interferon(IFN) 48 RE

[FN & Abolgl= virus v H2 virus & # 3
F171uh el S LPS & Folx|g] Aol A4
Hoa el Al g a2 ulloll 4] v o]
=9} LPSef
Macnrophagc v}

4]
5|

o

b cil oy

of x| = A
B virus 548 ofAst
ofslod A4 E]of 2| =
B Al Zoll 4] sz = «/88 (Ho, M. %,
1976)3F T Al £, Large granular lvmphocvte
(LLGL) % Natural killer (NK) Al 2ol]4] 254 5] o]
A& ¢ & IFN o] gl (Matsumura %, 1983).
AgdrelAl IFN S AATEe A Vool

nificus &S, typhimuriwm 0121 o, 7 Al g

v} E3) mjay

fr T O
7o g
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Table 6. Induction of interferon (unit: 1U/ mi) by LPS

(LDsg)
blood . o’ .

. bacteria - . .
collection rulniricus typhimurium
control none 0 0 0
6 h LPS(LD5p) 0 0 1-5
12 h LPS(LDgg) 1-5 0 0
18 h LPS(LDs) 0 0 0
after

challenge

7|4 IFN o] Z3ZE2d
25 15 IU/mzo] Mt]r

LPS & sFolA wed, shock % ﬂ*}ﬂ%ﬂr
e chokdt AEAAHE spA T QL 1 AEE K
ZF ol w|AEe) Fol| weps ch2oh(Takao &,
1986 ; Penny 5, 1983), 2 Aol V.
vulnificus LPS &) LDgo7b w44 eizirel S

tvphimurium Bk 3.7, sl =gl F
coli Btk 15w B840l Yokt (Table 3).
V. vulnificus LPS &) x| Apg4] o] B A

e A LPS &8k 5 £33} zupabe] ohE tix
ol wlsled wr] witeletar Ajzbeoh refut
A4 ol9le) Fagt, "l W Holdlz
Aol = ohE ol wlsled wlaE Fe
A5 pER ol

Z V.ooulnificus LPS ol 218 49 A+
E. coli & ALT, AST 3 LDH &4l #]
tha w8 skl FolE Holu S Aphi

Aol wlEhely e 24 FokE

=
A2
afol =

Ar ‘[ko .

murium 21 B
Woodrt(Fig.l),

wel S Zy/)hz'mm'z'zmz LLPS Oﬂ o)k ALT, AST
5l LDH #4mshe 485 04 B 6 A)7h Aol
{1 A FYEF= —‘i’-‘” 1) AlZF, 18 A 7R
A7k 74 apol| whefa] B4 A shE Bolth,

eivk Vosudnificus LPS ol 218k ALT, AST
W [ DH G474y LDH e 6417F A5

A, o, elmA 2utgh %LAI 2oL Gz)Eban )

leRrey

>~
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2 7] ol9je] PLTY o}
+ AlZA4 LDH +#
Aol o3 BAZLE mEs Vovudnificus

[
LPSel 93 ALT, AST % LDH #4&7}= v
WA Aueln &S] A5 wa Qe AijE
BojAlch,

V. vulnificus LPS ol 93k dolAdz AJuist
= AlEFY & A7l FsAl WBC 9
RETI#e] & 4% A8 9z, PLT Y
2 b b E 2ol wlste] sgtohr} 18 A7
B Aadizse PLT Ax2 F43 A
(Fig.3).

7k WBC ¢ 574 FholMe #A8 3%
7o BT F7F 80% o4 FoFskich(u)uE
Ay, =zl E coli & S. typhimurium LPS
off o3t dAAlE HEL RETIZ} A7 ol o}
et &Aooz ZrleiAY 2asn, WBCO &
AE AEHoz ZrasiAY FA43 Aselid,
PLT 3]%°] Adsl= 2 (Fig3)? BUN | it
& A5t (Fig2) 55 $¢sted £ o, 594 o
Z9l S, typhimurium LPS 7} 45 Aol v] %
< G 2719 FAZ AFo2 lsfe] 1 Hbo
715l Al sl e & 3] Eo] 2dEoiA
3 &b, a2y Vovudnificus LPS 7F 55 AW
of mjxl= 42 ALT, AST % LDHS 4%
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7t & A&H #FA4wA2 WBC % RETI = =
g2 AL ASA s fAEe 4 T 1
2al & o, 271 Asiz-8-2 ALT =l LDH %
A7tE AT+ e, 1Y 538 S,
WBC, RETI % PLT ¢ 8437248 F55=
A WAL 24, F welrlTe] ZAFL
dAsieta & 4 3ok (Dziarski, 1982). whebA]
V. vulnificus o &8 32| #sljel wojr|+ &
AF wolZls8 AFAITIE Zlsel #AdrlT &
ol wjste] 2ot & 4 gl

ARA o2 V. yulnificus LPS ¢ LDg7} &
olfrgol LPS AHAIE +4ska e 23}p At
geke] 7k, KDO7F A3 st 449 &
o2 A% F2A FHdAY o|frel A7}slod
S Welr|5E A ASAlE o=
A ol 4 ot

IFN BAASAZE in vivo H in vitro A8
of AHg-slaxt & o, IFN A At 27|
o 723 Aaubgo 2 cell linestt AHEE A
Aol Algh A& M= S, typhimurium
off "lgted, wteir|g AFAdel Iy o ApFe] A
ol og &3} celllinesoll SHHAS F &
HH A2 HH sHE 4 de V
vulnificus LPS 7} Bef £2 [FN 5 AA4A 2
A7k = o,

2

Vibrio vuinificus V4 %3 Lipopolysaccharide (LPS)¢] mouse o412 2|4+ 24 E4A3 1386mg/kg oz dl=
PlEQ Salmonella typhimurium LPS, 37.5mg/kg 2 Escherichia coli LPS, 56.3mg/kg ol ®lsle] Yekony, [ PS <] 3}

o F47 7} sl | AETE) vlelol 23} Aial Fako] wigk

o, V. vulnificus LPS ol 93t d479] AEFH.L glzTo)

Wl tha we B4E Bgw gl AZel FWse u|gd ARE Jepic =8 Interferon % ke S
typhimurium V. vulnificus 7} 2F 1~510/mil o1Qe}, @bl V. oulnificus LPS o) £3} x|u}4} shedo] pia gbaia)
T B4 H Y AR o] o oz wol 3o o)y TE sl ATy wlie] AAfeke] e oz Azke
o b el disted el Aol A V. vulnificus LPS & Interferon 44 A=#2 H4g Aoz Aztsch

ZtAbel 2
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