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Biological Properties of Vibrio vulnificus Lipopolysaccharide
and compared to those of Escherichia coli and
Salmonella typhimurium Lipopolysaccharides
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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 faity
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 celis by LPSs showed that V. vul-
nificus LPS had slightly greater activity than E. coli LPS and S. typhimurium 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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2] Aot b o) mg oF 1009he] A ol AbolE Ak oA APETL AFAY F

=9 nlAESo] 2 HZH T3 o 539 Aeatdt Are] LPS & 5 Aol Fo3HA =
wro) 7|79t FRstAl AlFE(Resident flora)e.  # Z7[ofl& Asfukgo] A= chr} 3B Ao 4
24 EA3}IL 9l ew, Peptidoglycan, Lipopoly- & &7] HAA o|4to 2 wojrlgo] g},
saccharide (LPS) ¢t 728 »llg9 Alzet AEE ol 22 271 e o|4ke] A woir|s
2 ST A A=, AFehzl 7 =mddAHq] 2 Al woll=  Interferon(IFN), Interleukin(IL)
£ &Aooz 7Eln At (Ozawa %, 1982). " Tumor Necrosis Factor (TNF) %o] <4
53] LPS7F <5 AWollA Aoz & gl ohF el fefsfolxl=h(Shim &, 1979 ; Williamson
g AEaE BAZo| £e] As)rEel wely] 5, 1983). IFN, TNF = IL 3 22 Biological

T5 Al A=A 4 Y e o 24 Response Modifier (BRM) &= Ag%E =& A
ol ek AMEskd Ao wste] EBoldirt Febdez Aol AAAA wWe 27 X'
(Homma %5, 1983). %, 559 Fof wa} Fof Azx o]&xy|= o} (Philip 5, 1986). °]#
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3 BRM Aol ol 77]
LPS 7} o]-&x5lojxix 9tk (Machara 5, 1977).
£3] Kusumoto & (1985)e 2]3le] LPS #-4<
EAgln & 4 & Lipid A7} 4=l wdela
oj=13t 4 Lipid A9l of=irl= HYAF o &
3t BRM fr5 Aol of9 ghilslel A 7o

2 7dEch, BRM % @) ded w7} gz

B u]/lﬂ ZE0

wol ol gHolAm gl PN fE A4eiFs
ofe) o] 4E £5) LPSE ol AT pigkel

o} (Matsumura %, 1988), #& Buslelzal £
Foll gk =l AT 2apde] 47 H2g
Vibrio #+e] w4 w48 V. pulnificus (Goo
5, 1982)2]l LPS & ]84 IFN $544428 o} &
e| 45 o] LPS ¢}
vk 3l

upebd B APl Vovulnificus @ LPS &
FE5le] A, g E4S ubeln IFN
= 2A4A A AhsAs eRAlE) Hoap sl
= el BE2 A Escherichin coli ATCC 25922
o Salmonella typhimurivm ATCC 14028 2.5

H LPS & F35ted Agsisdrt,

vlal AR Axke Boaxl

WE W wy

oF Y x|

E. coli ATCC 25922, S. typhimurium A'TCC
14028 2 sl<rolA] —gr/}“q} V. vulnificus & 37C
ol 41 Trypticase Soy Broth (TSB, Microbiology
system, Cockeysville, MD)Z 24 &) 7} 59} A B}
wlokst s | V. vuinificus ¥Rk NaCl(bg/l)&
F7FA 7 o (Yoshida 5, 1985),

7 -

Hexadecyl trimethyl ammonium bromide,
E-Toxate = Sigma(St. Lewis, Mo.USA) AF
= AHEEkda Akl 48 Aok B Merck A

oy TR

S o

o ol Z4g,

4 £ Roche (Basle, Switzerland) = Coulter
(Northwell Drive Luton, Reds., I'ngland) A Z-%
AHEsEd o)

ASEE

C57 BL./6N Crj mouse (20-25g) 2 70-75 % %

Spragne Dawley rat + qlAlv)al a)1bakarilof 4
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FoFatota] AR5,

LPS S| F&

Westphal #® (1965)o] o3l the-x} o]
Z AABIG ., Acetone &2 ARA|Z] FAE
G2 33 AR g, 100ml 5ol 3%
X7 38 %ot sonication A1A I, 4,000X g olj4]
60 -7t AAAHAA AAE F3hed ool FaF
ol 909 aquecus phenol{wt/v)& 7} 3},
65-68°C ol 4] 204?:7& homogenize 4171 %, 10C

o o

o, Aokl detel 59 2AE 3
e ELIEE L)

P %, 5,000 gelA 604 Fot
+3oH
Jf'

Hol CHClL-BuOH €4 (51,
A

v/v) e 7Hakn tha] 3000 g oilA] 1047 145
H3ledct

AZolo  Hexadecyl trimethyl ammonium
bromide & 7}aled A=A = 4] 7] AbZalS. 3l7]
el B4 £ FEsle] 100,000X g of A
ks ZAA AHEEA

A s & 34 A=
wjd AEeNE 63-68%(v/v)el EtOHEZ Az
g F 4000xgeld AAAAA 90% agueous
phenol (w/v)Zztsp ol A 5E  Fxlet FAshA
] shadet,

PN L1

Lipopolysaccharides 2mg-2 100C 2M HCI
SRl 6417 Fob TEeiAlzl & 10mi 9
CHCl; : MeOH : H,0(4:10:5,v/v/v) eolof
ol AxA17] ohg 2M HCL2 AR 3sted 109
BF;-MeOH & 7}star 100Col A+ 308 %-<oF
methylation 4171 % W7H4] 7] n-hexane : ethyl
ether(1: 1, v/vi-& 7}ato] 29kAl methylesther
£ FF3dld GC FAE vialol 2o Supelco
standard (Tech. Bull. Supelco, 1982)% iz 23}
o] MIS (Microbial Identification System, H-P)
ol A z|HfALS R45loir),

WEEMe| =4

20-25g 8} C57 BL/6N Crj mouse % Sprag
ne Dawley rat (1 7% 5“}»] 4o 23le] F 500}
2]l mouse ® rat & AHE)E ARESte] LD,
(50% lethal dose, A@E52) 50% 5 Zo|&u
A8 LPSY <& A5, 2ug/mio



Vol. 27, 1989

Shigella flexneri LPS & okdtiz2 3] Sigma
£ o]&3lod  limulus

et (Tal %,

[<]
Ake]  research reagent kit
amebocyte lysate & 48 =
1977).

B, "X 9 Az U E wm
ZA437] Hslod (WP EBZ rat & AH4) 2+ LPS
9] ratollA 73 LDy, %% pyrogen free phos-
phate buffered saline(pH7.4) 0.1m/el] £ah4|
7 7ol sidsh= 5wle]¥9  Spragne Daw-
ley ratoll AMFAEE &0, 6,12, 18 A] 717742 ¢
Rat #¥e] Alanine aminotransferase (ALT),
Aspartate aminotransferase (AST), Lactic acid
dehydrogenase (LDH),
(GGT) &
sugar ¥%, F W7,
a5 7tz 245},

F 9Ty, = A¥74 9
Coulter S+1V & ZA3G+Ew], olaf 7|Al9 o
2+ 4Cplus & 7[ABe]E QC 2 AHEsldct,

oAb AE-43= 19 Brilliant Cresyl Blue & o]
&3] Ao, B4, #BF 244 9
@& Gilford IMPAC 400E COBAS MIRA & A}
&oted 27t 1 B4 9 555 2619 (Tietz,
N.W., 1976),

Interferon assay protocol

y-Glutamyl transferase
41, Blood urea nitrogen (BUN), Blood

W AT W

) el
RS

96 well micro titer plate (Costar)e] WISH
Cells (Amnion Tissue, human)< 50,000 cells/0.1
m/l/well °] 2|5 109 Fetal calf serum o} 3%
5  MEM media(Gibco Laboratories Grand
Island, New York, USA)el| 3 A3}e] Z71e] well
of 253 o8, 37CY CO, incubator oA 24
A7k wlekA1Z] & A85 32u) FAsle] AZ}
1T wellol HEstn o) zzke] plate nle}
100LU./ml 8] IFN& FAloll AHE3o}, o4
37C8] CO, incubator oll4] 24 2] 7k ek & 2 000
-3,000 TCID 50/m/ % vesicular stomatitis &
challenge g b, 35C¥ COz incubator ol 4]
18-24 A17F FoF wlekAla)l % 0.59 crystal violet
in saline, EtOH and formalin $<o2 ojAlx]7]
c},

G7F Akt sl w4 o
550nmollA F3EE SAee] 35

ST
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ste A Abglc},
Zun gl D&

LPs 2| F&

wjoFel 179 34" Az FHAEE Vool
nificus 7F 3.1g/1 & 74AF vk, LPS+& FAE
¥ V. vuinificus 7} 3.0mg o193, wjokalE
NogPHE E coli 7t 160mg o a|ake]
0.62% (w/w) 7} 3l4-%lo] 7pab wo] ZZg]oir}
(Table 1),

X|ghit 2

7t AR A" F 2wl Pk
vulnificus 28%, E. coli 39% )1 3 =, S,
typhimurium 2| 73-% 53% oldch, 72+ FHv) X
AR 7Rla e AMEE CI1: 0iso 30H,
Cl4:0,Clo:1cis 4 Cl6:00%x o] &5
Tripalmitolein & Tripalmitin o] o] Z3k% o]

7

—

Table 1. Final yield of LPS from bacterial culture.

dry weight LPS (mg/whole culture)

bacteria g/ pellet  supernatant
V. vulnificus 31 3.0 10.0
E. coli 2.6 1.0 16.0
S. tphimurinum 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. vulniricus  E. coli S, tvphimurium
C11:0 iso 30H 2.24 0.75 0.60
Ci1z2:0 ND 5.86 ND
C13:0 ND 0.71 ND
C14:0 2.01 9.81 7.49
C15:0 antetso 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:cycloCl11-12 ND 1.38 2.01

ND: not determined
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eitt(Table 2).

3 V. vulnificus LPS ol to] Zihgd x)upat
2 C15:030H 7} 36.66%, E. coli LPS &
C16: 1cis7} 23.02%°] 9 2 S.ivphimurium
LPSelAx 4] Cl16: 1cis7t 27.29% & 714
ato] =] Qloirh, A##H<l chromatogram
= V. ovuinificus LPS o= £3} 2kl §18fo)
Bor} ojo] whal WEEF] E ki S
Iyphimurium LPS o4& 223} =8kl §ake]
UBee BolFa gt

MEgMo| =5

LDs; ¥ Limulus amebocyte lysate gel &4 : 7}
LPS ¢l mousecll Wigl LDs= AETFFNM V.
vulnificus 7F 7V Sol 1386 mg/kgoldli, S
375mg/kg = 7 wgkown]
352k Askad

typhimurium ©)
rat ol 442l LDse¥ mouse & -
(Table 3).

Table 3. Endotoxic activity and Limulus activity of V.
vulnificus, E. coli, and S. typhimurium LPS

LPS Limulus test  LDggin mouse LDggin rat
(ng/mi) (mg/kg) (mg/kg)
V. vulnificus 0.1 138.6 116.7
E. coli 0.1 56.3 48.3
S. tphimurium 0.1 37.5 25.6

mouse : C57BL/6NCrj, rat: Spragne Dawley
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Limulus amebocyte lysate gel &4 #] & &
FDA E. coli Endotoxin-reference Lot EC-2 5
reference & sko] F&7b5 = 0.01-0.03ng/m! &l
ATE kit E ol&3ted FAT A =F 01ng/
mi 13tk (Table 3),
TEHYY Fo| F48Mol =X
yletheri ol & Azl 2]
£ ool 2,000x g ol A 20 4 FaF AR
03] 4C Paof 5’4?& T 24 2L skdrl
TEHE ¥l A V. vulnificus 7+ HY
A Nzl S twphimurium % 91D 2T
od E colioll wlate] =g & 4849 v}
%‘“@}7} 4 2ol o2 FAgE GGT & A
g 37kx] B4 53] B4 Zob) dxel 54
LDH ¢|9it}(Table 4, Fig.1). LDH, ALT ol
M Als ol 3 A7E Aol wlebd] 1 4o)
o, AST &= 3712 a4 5 24
AL okant S typhimurium =t A Q)5
= Az el et Azl Sokshe RS 2y

L‘Z
e
T
N
gk
)

vulnzfzcus 4
& Aol
(Fig.2),

o =2 V
49 A5Tet % 640 2ol
Waled sld ¥& BAL modd

Table 4. Changes of enzyme activity and blood component in rat by LPS(LDsp).

Enzyme ALT AST LDH GGT BUN Blood Sugar
(1U/YH (IU/) (U/ml) ery] (mg/d) (mg/dd
control group 30+9 90+ 17 105+ 21 5+2 2142 98+ 16
6h 375 109+ 7 316+ 17 1243 26+4 109+ 8
V. vuiniticus 12 h 36+6 108+4 274+ 15 3+1 23+2 11214
18 hafter 51+9 123+9 213127 5+2 24+3 128+6
challenge
6 h 2745 37+8 175+11 2+1 2112 109+ 8
E. colt 12 h 3145 5016 218+19 5=x1 25+1 11216
18 h after 2947 71+9 168+ 13 7x2 24+ 1 98+5
challenge
6 h 58+5 19719 435118 3x1 2612 9216
S. typhimurium 12 h 3945 96+9 143+ 31 7+2 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 (LDsg).
1: 6 h,2:12h, 3: 18 h after challenge
[ ALT,EZA: AST,EZH: LDH

-100 L_bla bl
V. vulnificus

Blood Sugar © 2& AgFFol4 Ali
3 6 A1 AgTolM = H

E
14% %—ﬂﬂ“bﬂl 2 F 18417
V. vulnificus & S. typhimurium A 36% 7HA|
ks (Fig2), eol9f e AMe Ws4 F

ool ti8l pyruvate kinase xlol 2J&] Y=o
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30+ n

<
t

Increase (%)

2]
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V. vulnificus E. coli S. typhimurium

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

FAo] & AZEL P4, Wy ol Ay
A AZgolx 9 - WA AZEL Aol
we} (Bradley, S.G., 1979), 2 Alglelx& White
Blood Call{WBC), Red Blood Cel I(RBC)
Reticulocyte (RETI) % Platelet(PLT) & Rat
F3ledal 2o FF AFo £F ¥%L Z;Ho]./\j\
c},

RBCol uvl3f WBC, RETI & PLT & 8iZo]
A3 AAEY 2] wshsle g4 wdstor
(Table 5), WBC v} RETI+ &7}5ke &8+ PLT

2 z¥de] Hrke Snyder 5(1971)9 ®Eue} & FAIA #ase @A eI (Fig3).

o 2] &}, Z WBC ¥ V. valnificus & 6 A17F A Foll4
TEE Mxe| M At 2ol wisted 68% F71, RETI+ E. coli
T3se 87 A2 F HSFLTA dste] o 18417 AFFA 133% Fokek S

Table 5. Changes of celluiar element in rat by LPS (LDsgp).

cellular element WBC RBC RETI PLT

(x 102/mm3) {x 108/mm3) (%) (x 104/ mm?3)
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+0.47 1.3+0.3 5.47+0.23
E. cols 12h 105+17.1 7.53+0.19 1.5+ 0.5 2.95+0.41
18 h after 93+20.5 7.90+0.63 28405 5.04 +0.52
challenge
6h 89+19.8 7.42+0.58 2.0+06 4.05+0.44
S. typhimurium 12 h 79+24.5 7.23+0.57 1.5+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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Fig. 3. Changes of celluiar element in rat by LPS(LDgg).

1:6h,2:12h, 3: 18 h after challenge
(1 WBC, Z4: RETI, FZ3: PLT

Wphimurium & 6/~I7F
i, PLT & s
Azl wlslod 689 AR haslgl,
AT Alaald A7) sl il z 2o
ulstol 359% olstel @A 2ad Holw 9o
(Fig3), g 75l M27%F WBC7F 2 o
siglel frabehAl F7k8 242 Rolm 9w,
RETINA S V. vuinificus 7V 2719 Ale)= 7)o
TR o, E coli ol A7bA e wla}
Al 25%, 133% 2 x5 =4 Mol ulujo
S typhimurium A= 6417 APl 67
2 S7Hde L A7 sl we} 2595 & 7baw
o 18 417t Foll= AAh 273} w228l 422 o}
Efvifoict,

Rat OllA{ Interferon(IFN) 4ARE

[FN & Aolgli= virusif 22 4%
71740t 2l LPS 5 Fof4]7] A ZollA] A4l
oA 5= A} ghil A 24 A Lol 4] B Eo] = o
2 ovirus $AE oAl 53] v S [PSe
oste] A Eloz) = o g Machrophage 1+
BAlzel«l Adeleoizl = o/ (Ho, M. %,
1976) T4 £, ILarge granular lymphocyte
(LGL) =l Natural killer (NK) 4|0l 4] A 4 5]
A= ¥y & IFN | 2ok (Matsumura 5, 1983),

AT IFN S AAF=d He Vol

nificus 2t S. typhimurium 01 0, 77t 2] 3.

£

4»

virus 5 F<E4
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Table 6. Induction of Interferon (unit: IU/ ml) by LPS

(LDsp)
blood s Vi .S
collection bacteria tulniticus E. coli typhimurinm
control none 0 0 0
6h LPS(1.D5p) 0 0 1-5
12h LPS(1.Dsy) 1-5 0 0
18 h LPS(1.D5p) 0 0 0
after
challenge

o ¥ 12417F % 6 417ellM IFN o] 72 =9ln
AL HUYE LI =F 15 1U/mleldr}

[¢] L ARt

(Table 6).
i H

4, shock % A|AbzHg-3}
S e 7P Y A B R
2 oo]dEe] Foll whebd otz (Takao 5,
1986 ; Penny &, 1983), & dF-Azjelr+=
valnificus LPS 2] LDs7F °M§ fz2Eel S
typhimurium BvF 374, w9
colt &tk 159 EEZA o] wrolct (Table 3),

V. vulnificus LPS ¢
e e L PS ek
ol wlste] @
Z| ALEA] 0191—"4 Bad, "ol ul dHolyy
P T thE 2Tl dlsled HlmA Lo
A4S el

S Vovulnidficus LPS o) 28t G472 A%
FHE Eocoli &) ALT, AST % LDH 4dofl v
stod= tha 9 B4 S7bE Boln, Sy
murium & G ol vlelelE e sy zope
205} (Fig.1).

£ S typhimurium LPS ol &8 ALT, AST
= LDH, 349 3= ‘]E'Eroi F 647k Al3]<rol)
A FAT B4FHE Bal 312417 18 417k
"‘l’& Aol wtebd A = OF% 2

v Vovulnificus LPS ol o1& ALT, AST

FardAE LDH 9 6x]7L Al &) -8
vl glatsl L.

t?){ I.LDH &
Ae, -,

T ]O}IA AA
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o},

LDH #4842 33 7] o9 PLT Y
e s} 2 e FEEojx]= A ZAA LDHY &
ol ot BAFILE melstd V. wvulnificus
LPSel| 23 ALT, AST % LDH #A4Z7}= |
23 Aodsly x&H 25§ U Qe AR
Hoizlc},

V. vulnificus LPS ol 9|3 FHAl X st
T AlEFe & AzbAoe] FasiAl WBC 9
RETI#°] ¥& @44 fxskx glz, PLTY
3 7h o el wlste wWgkeirh 18 AlZH-
Bl AaldizFe PLT Axg 343 Ao
(Fig3).

71 WBC 9 574 ERolde #4148 35
T A F7bE 80% ol Fbeksit(RluE
AR), A=F3 E coli & S. typhimurium LPS
of &3k A2z wF2 RETIZ} A|717 3ol ot
g} &Aoo FrlslAv haEw, WBCH #
AE ZE5H o ZhAEAY A% Akgsid,
PLT 3]%-°] z9dsl= A (Fig.3)# BUN9 <iat
g A3} (Fig2) 55 sl £ olf, HUA o
279 S, twphimurium LPS 7} <3 Aol v]x]
G 27|19 FAT AFo2 qlste] o Hlof
ol A FalE W F 3 5o] Adsoizi
2o, 2@y Vovulnificus LPS 71 <3 Al
o)X= o43ke ALT, AST % LDH9 4%

2 ko Nk
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7t % AEA<] g4tk WBC " RETIx =
g 2 BAFIPE AEA R AEHe A = 2
el & o, 2719 A28 ALT % LDH &
AZte A 5 9l e dERE oL,
WBC, RETI &l PLT & 24%7254 55w
A A B4, F izl 8A4F7t
#Aslcha & 4 dvh(Dzarski, 1982), webA
V. vulnificus o gt 52| Aot wolr|7 &
A% wol7)5E ASAFe Zlsol A7t A
ol Hlste] oA & 4 gl

ZARA o ® V. pulnificus LPS ¢ LDs?} 22
olf+5oll LPS A& FAst & L3} kil
ko] Sk, KDO7F 2 whedt 499 &
oz FAE F2A ZyolAe olfel Lrtshed
39| wlor|sg AEA ASAPIlE olwE
A se{sElojd 4 it

IFN AAAFTAZE i vivo 4 in vitro 48
of Abgstzal o i, IFN AJAeke Zz|at 27
o) 73 Asiulgo 2 cell lines vt AdsE A
Aol A3 Asfule-& 2eldte S Hyphimurium
J3ted, woiz| ApFAe] i 2 A=l A
Holmg £59 celllinesoll ohAE Fu &
#Aql A& HAI sHE + e V
vulnificus LPS 7t 2o} £2 IFN f5 AAA =2
A2 o}

©

2
]

2

Vibrio vuinificus 14 %23 Lipopolysaccharide (LPS)2] mouse 1412 24} @4 &7} 138 6mg/kg 024 iz
u| &2l Salmonella typhimurium LPS, 37.5mg/kg 2 Escherichia coli LPS, 56.3mg/kgoll vlsle] wgkood [ PS 9 3t
3 FA7A iz e ET-Eoll ulsie] 23 Aubal dfeko] Biskel, V. vuinificus LPS ol 98 T30 AEHAL gz
HlE] ohd F2 BAS voln A Ao TGS vy AAE Jehlth, =¥ Interferon 5 AL S
typhimurium & V. vulnificus 7¢ 25 1~51U/ml o1k, @b V. vulnificus LPS 9 Z3} 2)ubal dheko| Wa F3aio
o B4 9 Pl AZo] Fio] & Aoz Bol £ Wolr| 5 AetA AFelr] wf el xalgko] Y& Aoz gzt
v}, meb S5l tste] Al AhSol AL V. uuinificus LPS + Interferon A4 22412 A% 7o g Alztslc)

Qe 7= =ashid dvele 3
Z
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