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Abstract

Lipopolysaccharides in Flavobacterium sp. were isolated. SDS-PAGE of
lipopolysaccharides revealed that O-polysaccharides were of short chain
length. The major acyl chain of lipid A of lipopolysaccharide was 1-dodec-
anol (18.89%), which linked to lipid A via an ether linkage. Chemical analysis
showed that lipopolysaccharides contained aminosugar, heptose, phosphate,
and fatty acid with a molar ratio of 11:1:3:6. 3-keto-2-deoxy-octonate
(KDO), which is universal to almost all gram-negative bacterial core structure,
is undetectable in this bacterium.

% ,

1987 £= AR » RERGEMNERESEESRE—ERR » 5BfERME » FECEES (>50%)
o FREMIER O ER S » FIEBARTHENBIREE o FHRR - TRARTERENTMm » RO
& o EE-CEEY R R ERRSE A BRENHE SRR ARS B H—E RSN ER KRS » £585%
s AFIRBE 2 8E o MER DNA B GHCHB 3442%FH R Flavobacterium sp. (Chung et
al. 1986) o

EEFHERMERAE MRS o BXAE RKEREE MEES > THETBEE BN SR
(Davis et al. 1986) o« (LR RENRB LB EFTRHR RSB (Lipopolysaccharide) - lREBR&
ERDEEE—RIEE » [REREHIARE  BENENEZACG  BENRKAAR ENRLRRE
o BESTREBR '

O-antigen—Core—Lipid A H+:

OO0-HE (B—HE) :EHEN hEFVERETAR » §—ETeBENREELTAEEZ
PEOF o  B—HBLARER—-2IRSBS T B) O-HEZETEREES— « LRREWRK{LED
ENERER ZHEHR o ,

O (Core) : i O-HIFEHRIBEAZRK 10 BES T 258 -

SE%RS T/ \BEEERE KDO (2-keto-3-deoxyoctonate, 3-deoxy-D-manno-octuloso-
nate), KDO B &EETREMAF o

GmE A (lipid A) : BERABEIEERTLEA - REREAR 6 £ 7 5 FrIsl B EREREK

BRYBEREEGHBEHAZER (Institution of Life Science, National Tsing Hua University)
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¥ (Glucosamine) b » REIB#EARFEAIIRTEEEL o

FRs BEREREA R L » Bl O-HERA%E » 48 Smooth lipopolysaccharide & Rough
lipopolysaccharide (Hitchcock et al. 1986) o —R&FTHBEF A= KIS 4% BEEN$E Smooth lipopolys-
accharide o JRZBEABHKORBEAITE O-HF - SBBEIHOEIFE A %% Ra 1 &
BEAEHET 2B

GlcNAc Gal
! }
[ O-H/E)] «--Glc—Gal——Glc;Hep—Hep—(KDO),,—»Lipid A
P P-P-EtN

(#7% : GlcNAc, N-acetyl-D-glucosamine; Glc, D-glucose; Gal, D-galactose; Hep, L-
glycero-D-manno-heptose; EtN, ethanoamine; P, phosphate) (Galanos et al. 1977) o

BOZzEELER GlcNAc Bitadizka/ MR &4 Rbl-Rb2-Rb3—Rc—Rd1—-Rd2—Re,
Re [§4BEAIRE A R 23 3M KDO, Re B LMERR

{# O-#if) «-(KDO),—~Lipid A

I Re RS EIEEESMEAEMEEERE £ R » X Deep rough lipooplysaccharide o

EREL B O » LIKBHEE (Escherichia coli) (Rosner et al. 1979) » BHIEEEH
(Salmonella typhimurium) (Rick et al. 1977; Rick & Osborn 1977) fyzEEE 4 - |84 BEHEE
EMAEESFREMEREL  bRBENFETHOEE A REBVEEZL/\HGE (KDO) KNiER
HARMERMRARTLE » RAEHEERROESEF FETNERO/\RKENELSE (Rick &
Osborn 1977) - [REAZ A IRYBMEBEHENA R REIEH > HAEZEERGER T O-fiRZE
SR LA YFERAEREENEE BN  BREEEEREANRZYE - EHBRLBENGEBREEY
FEHRAR  EZEZRHAL - SiRigZR FRESMREE EREEXRT (Tumor necrosis fac-
tor) (Sayer et al. 1987; Holter 1987) » BIEBEEERKMIEFH Interleukin II #%3% (Holter
et al. 1987) » RIE L AFMEBERHKESE ST (Vukujlovich et al. 1987; Jackway & De-
franco 1986) o fEEERK I » FHEW KR HREEERRMIERY FEFHEEMEARRE (Disse-
mainated intravascular coagulation) RIUi/MRERZAE (Csako et al. 1988) o ERl{LHIIRS BE
EHBAERERDYAAHERSRE o BT THRISS BRI BNO MRS E » 75 Esity
Je4 BE8e Platelet rich plasma (PRP) siBEsBigavm/ MR (Gel-filtered platelet) RRAEF
B& s R4 BATE5 M/ MRAVEEY B BUN/MRIEBHE (Saba ef al. 1984) -

BT THRAESRBRE » XAEREHIEL BB T RIES BEh Rl D2 178 EME
TR » AT T BIRE_ ERBRERE o

o E A XK
o
Flavobacterium sp. Wiff iR A BB R OREH R EHRIE o FEHEE Casein-pep-
tone soymeal-peptone broth (CASO broth) s {LEES R FBARIEE E. Merck Chemicals
(Darmstadt, Germany) HEERIERAREFE  (FATTLEARARM o
#ifbig 4 BT AR E Lysozyme, DNase % RNase F5H Boehringer Manneheim GmbH

(West Germany) o B#7IE{RA Spectrapor R (Spectrum Medical Industries, INC, Los
Angeles, USA))» ILEEEE LK 35KD o FrEEHTHREKHE Millipore R (Continential
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Water System, Ei Paso, Texas, USA) #EBBEZEHME 17MQ LI E - BEEEIE (Gel-filtra-
tion) FTHAMVEREIE A » BEFEE A4S (Sephadex G-75, Sephadex G-200, & Blue dextran 2000)
%8 Pharmacia Fine Chemical (Uppsala, Sweden) o

~ Salmonella typhimurium REEKRIE LB R REABMFNFEES (BSA), 3-keto-2-deox-
yoctonate (KDO) » ipbE R e hZte B H Sigma Chemical Company (ST. Louis, Mo,
USA) o

BEEERRE
Flavobacterium sp. mr%ﬁﬁzﬁa%“ﬁilﬂ » EiE#HK CASO agar plate (& 1.4%#y Bacto-
agar) b f 35°C TH% 16~20 /R » BIEER% (Colony) WEREEHHER » DEEEEES
o RETHEERF » EHAEREEER 5~10 EFEER T > 1 35°C THE 7~10 MRtk »
FFEL 100 fERENLFAIRBI=ATRERRRPIEARENER - 14 DRRIEK o SRIEMEERER
CRFAR A 1/2000 f53EEERMEY 2, 2-Dipyridyl 20 mg/ml (BASBEER 10 xg/ml) (Aoki
et al. 1985) o _ A
HREBRAHE £C» Bl 12000xg 4°C THLS 58 » MTHEAZMLE o §EHRER .
LTS 4°C T » YiEFEAEREL Phosphate buffered saline (PBS) $§EsivhE » 5% ER
Wb FEEOWKEZ o fkikEk 0 Bl PBS 32 R » BHESAKE—K » RAEBERIBAKP » BRVSE
EIRER » ETREREE o 18 NRE > TTHKG T2  IRHERTE » HEIERTZE - REER
FEHERA BN 4C TRERF '
BEEREROS(L

Ll Hot-phenol ¥ ZEEELEE (Wu ef al. 1987) o K74 BRHEITHMAL ¢
_ WikEFEErEE 20 & » JWER 200 ZF4 40 mM Sodium phosphate buffer pH 7.0—
5mM EDTA-0.3 % Lysozyme # 4°C F#58®K o &2 Lysozyme FEEB{ESHWEEINEZ] 68°C

s BINASEEHE 68°C #iny Phenol » #E#: 15 58 - RHLBET » BIRAERIAKREERELER
REHER c BINK EASEREE D 4000Xg 15 48 » WAKEEEBRESE » UK - LEgEFX » n
ASBEENATER—X (Westphal & Jann 1965) o

U ERMKRIZEREK » A 2% Cetavion-0.5M NaCl REBTIEM 15 £ » ATHREEE
BEETCEBEYEILRR TR o FLL 3,000 rpm {E55EE ORI EEEE o

(LRI 37°C WA/ MEEER » MAWERHKL Acetone s ¥ 4°C THRE/R/EE » J8
SEEEWR TR » BEEL 10,000Xg KEZ o

WRE—FMLIE4EE » AfZ@ DNase 50 pg/ml, RNase 50 pg/ml 37°C TIEA—/NE o %
KEBELEZEER » iR ﬁ:bfﬁﬁ@m@*ﬁé 0.5 M NaCl tiE#HiE®K (Leive & Morrison 1971)
RIEESABENR » RATEIREITTAME 95% 4 Livies 8 -

IREMN BT

Flavobacterium sp. W4 B8 Salmonella typhimurium 7"NE Strain (£3 TVI119 Ra
mutant, SL684 Rc mutant, SL1181 $ig48) Ll 145% 140x100X0.7 mm #j Polyacryla-
mide slab gel £# Laemmli SDS-PAGE B 54728t o 222 NA 1/3 {82554 4XReduced
sample buffer (0.2 ¥ SDS» 2ZF p-Mercaptoethanol s 2 ZF Stacking gel buffer, 0.01%
Bromophenol blue) # 100°C Finzi 5 44 » B 10 41 Sample BBk » LECERHAR Sta-
cking B§{E7#% 8mA/slab gel B Seperating BHg# 16 mA/slab gel » BEZ Bromophenol
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blue BHEFERM 1 A5 R » FefFIH 3.5 B o BISEBIkE » ALURY L (Tsai & Frasch
1982) siERLEE-Schiff #@ ik (Dubray & Bezard 1982) 2 o

lEZEH{LB RS

WIRI AR 6, E A AT
e & BEhRIRRRG$E (Acyl chain) WRR@KE TREUEMAEEHERS  (RTFPEE
T

LHE 01 wERABEAR 2 ZEH 4N KOH o FREEEE » BR 100°C inzh 4 /N2
R 2 BERRIREGSE » B 2 ZF R 6 N HCl Bt » AR

2HELENS Pl K=3:48 47 BB AEREFREEYEREBEUARREE » 7B
' FEAT MR ST S EENES L -

SERER A IR INA 1 ZF 20% BF;-methanol 85°C TRIE 30 S5 &E 4 REE FEsk » 42
FEkE T k=1:1 Fg > MR (LB - BOKUARKE » EFERLECKET > I 14 BR
H—& R (Shimadzu GC-8A, CP-wax-52 CB &K 50 % » & 0.32 2% » B U038y
# 1200C o &EFE 4°C KR 220°C #Edp 30 8 » MR RESR » & 40 ml/min) 4478

4. R TEE IR SEM R LLR AR T B 24 (Hewlett Packard 5985B ##! CP-
wax-52CB &#:5 50 kE»0.32 ZXE > 70eV » IEERE 2600V, Interface BEE 200°C» #
HREBREE » HE 1.5ml/min» BRFZFEB@E 120°C » #HF 558 » §—7EER 4C KE
200°C #e#: 60 588

B2 EHE » 888 Ascorbic acid #& (Ames 1970) o

OB EERIE » k18 Dubois et al. (1951) Bk o

D\ EEEFHE (3-Keto-2-deoxyotonate; KDO) £ EMRIE » {8 Brade ef al. (1983)
BT o

(E)-CErsE (Heptose) Myl » AIMEHE Osborn (1963) Wik o

mRBEHR

R5 % BER AL

WEEREEE 20 w o EITMILIES BN IIF - RRELBRREEERS 297 ® BE—PEH
FOMBRBNESREAELHABIES T RN 35KD fiARSE » RRKEREATHRERR
BIE4EE 112 52 ERE 5.72%frgE®Rm E. Coli B/r cell hHlRA B WML E 3475 687
o FIREFE MG 4 BERT » JeLL Lysomyze Z-f#fREERmMizEES (Wu ef al. 1987) o ti 20 WH
FEIUESEE 112 2 REAKS AT EHWIEIEEEA 1.31X10° EiF4RES T o BERBET LA
W REARMRER —20°C AREAHMIEIESBHIZE » T hEX A ERTmZES o

A5 % B E koM ,

Flavobacterium sp. {ig % B8 Salmonella typhimurium Wy % frZ2e5% %8 Ra B Rc strain
HolE & BEpE e R e [FfE SDS-PAGE WIS RERE (B—) o

# Flavobacterium sp. 81 Salmonella typhimurium HII8 % BEE vk B &1 Flavobacterium
sp. IR BER/ DG T > 0 FILAIR Salmonella typhimurium Ra B Rc strain [ O-H1EH
EREENS T I W2 S o

g1 Salmonella typhimurium Ra B Rc B4 MCAEBHERENGTESS 4558 R 3707
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Lane Fu F, Rc Ra S5 P

Fig. 1. SDS-PAGE of lipopolysaccharides (LPS) purified from Flavobacterium
sp. Lanes Fs and Fs represent the separation of 50 zg and 5pg of
LPS isolated from Flavobacterium sp. Lanes Rec, Ra, and ‘S are the
standard LPS of Salmonella typhimurium Ra mutant, Rc mutant and
smooth type, respectively (50pug each).” Lane P is the standard
protein marker with indicated molecular weight (KD). H and L on
the left margin indicate the high and low molecular weight regions
of LPS.

dalton (Lehmann et al. 1977) « RREXBEIEMES 5> T BIEH » 7175 —HEX g o Flavobacterium
Sp. Ha%ﬁﬂﬁﬁ?ﬁ—fﬁ‘“dﬂ@Eﬁﬂﬁ%ﬁ%@ﬁrﬂﬁﬂﬁ&ﬁﬁﬁﬁ% o Bkl k> ﬂ%hﬂﬂa%ﬁﬁ?gkd\
i RS REE &

ORSTFEE » XY FESHid 170 KD ?IJ 38KD, O- ?“Jﬁafﬁ#%fk’]’% 18 {EEEE: o HEEAVER
’@Ejﬁ??ﬂﬁ{ﬁﬁ&ﬁ O-Hi s » RIS 4B TR Multimer (Peterson & McGroarty 1985)
» A Two dimention SDS-PAGE &9 - BT O-HiFHEE ks » VRGBSR ES T E
Zef SDS-PAGE E’J%iﬁﬁ.l: ﬁﬁ%ﬁ%?ﬁﬁﬂﬁﬁiﬁﬁg_fﬁﬁ_%&% EZeR] SDS- PAGE
MEﬁﬁEﬁﬁ’ﬂTE_ﬁfEﬁ_&@ﬂ g SDS HIRSBERBERER » SR INMESFEERN
IREBEMES FEENRLSBETEE - ‘ o

OESFEE » HEXNIE4ESFEH 139KD 3 42KD » £ 42KD SFFHEHIISRE
3 fEi5 Ra, Re SFBKEE » #RLSTF TS Lipid A-core sugar MMM TS HEEY

O-#iF » HEHMSTFHY O-ﬁﬁﬂﬁiﬁ%ﬁﬁﬁiﬁ% 9 & > 5@ E. tarda E’J LPS E’JEEEJ’?*&

(Lee et al. 1989) o

Flavobacterium sp. mﬂa%ﬁ%%mﬁﬁ@’ﬁfﬂ ﬁ Rough type 11popolysacchar1de » fnfe]
HBEERERH - ﬁﬂ%ﬁﬂu&tﬁﬁﬁﬁ?%&@&%tﬁ?ﬁ“%?ﬁﬁzﬁ’f“ﬁﬁ S layer Ao EEE
TERRE (RSCETELM®C 1989 48 5 MEK4RBT) oS layer GEEEIEAE /. FHEANRERNLL
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AR AT KA AARE o HIFRIVE LEIELBARBNIERTE » B4BENAE (Smooth
type) iK% (Rough type) B S layer #SEMEMZE > R Flavobacterium sp. HIR % BikE 1 »
PESERA » B/MRBETIREE S layer REFRIMIZEGM o
38X AEY A (Lipid A) Z AERF8E 44T
0.1 32f5 % BESIK MR B (Lt » BUb BedERglisE (Acyl chain) » DIEAZER A RK % B

ERY 0.016 3¢ » AT 40AE NG SEAGRE £ BN 167 o I LIRARRE AT — B B8 AT AT 1500 KIF K5 1% (Table
1:

Table 1. The composition of fatty acids and alcohols in LPS of
Flavobacterium sp.

Components Chain length M. W. Area percentage!
Lauric acid (C 12:0) 200 4.53
Myristic acid (C 14:0) 228 9.96
Pentadecanoic acid (C 15:0) 242 14.23
Palmitic acid (C 16:0) 256 10.74
Heptadecanoic acid (C 17:0) 1.42
Stearic acid (C 18:0) 284 11.51
Lauryl alcohol (C 12:0 1-ol) 186 18.89
n-Decyl alcohol (C 10:0 1-ol) 158 3.49
3-Hydroxytridecanoic acid deriv. 8.39
3-Hydroxymyristic acid deriv. 231.5 11.02
Pentadecanoic acid isomer ) 242 1.42
Unknown 269 4.41

; Area percentage was calculated from the chromatograms by gas chromatography.
M. W.=molecular weight obtained from GC-Mass.

R FIRE B AR » A 4SLauric acid (12:0), Myristic acid (14:0), Pentade-
canoic acid (15:0), Palmitic acid (16:0), Heptadecanoic acid (17:0), Stearic acid
(18:0) o

OE&ES » 41 1-decanol, 1-dodecanol » AEELL ether bond HEEFAEHA L o

EAZHMIRYIT

—%%F| B-Hydroxy-myristic acid % B-Hydroxy-tridecanoic acid gyfffEdy » HEEMR

Heh e R EEX IR 12 fE (1-dodecanol) (& 18.89% - fa &85 Myristic acid,
Palmitic acid % Steaaric acid =& & R##EE 107 » AIREERSBEPLEETHAIFE -

HERBELRAHMEEEAVIRBEES » RAAEBFE (Table 2) - MEE &L Z R
B » 12 BiEEATAESrh Ether linkage jERZIREHA L o S PUFLAE7E 7T SE SRS & B 040 B b o his
Ve R E R AR o 12 BREEAVIA LK » EIFME IMBRG RE SRS > S E/MBER R (Critical
point) FE(E » (EMATERIR T » (PRTHESFIE FE S EHEY: » RERPTREZIMEERKESR A
ERAR o HWHAIRE L&TILERAMIET o 12 WESHITELE » AIHEHIS 2 BENFWH AR » B4
TESBEEF I EEERZATRFINRIE - £EMRKHEAEARE A WG (Hampton ef al.
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Table 2. Comparison of the molar ratio of fatty acids and alcohol in
lipid A of various, pathogens

. Fllavobacterium . S.
Fatty acid -y E. tarda E. coli? typhimurium

Molar ratio

Lauryl alcohol 2 0 0 0
3-hydroxymyristic acid 1 4 3 4
Lauric acid 0 0 1 1
Myristic acid 1 1 1 1
Pentadecanoic acid 1 0 0 0
Palmitic acid 1 1 0 0

‘1 Data of Edwardsiella tarda were taken from Lee ef al. (1989); those of E. coli
strain (D31m4) were from Boman and Monner (1975); and those of S. typhimurium
.were from Rick et al. (1977). .

1988) o EHIMIKFZHE 4 BERIM L BT (LELEEIERTF » Interleukin-2 » 1fi/MRIE(LETF (Pla-
tele activating factor; PAF) s FAF ZEf/MREE(CETFREENIEEASE FE—53EL - g
FZ##A Long hydrocarbon chain k Ether linkage BFE o £l/MRIE(CETFEEERE
HRERTEY 12 HEHE 20 EHRKEN Alkyloxy group FEthfKEY B PAF receptor 4
#Z#Fl Long hydrocarbon chain #AMMEKEE » FLl Ether group R MBEEHEEIMER MR
B o WRENE A BEF RIS R A AE R o T8 Etherbond FIfFIEE AREHER -

LR
ST EERDRE - RAZEE (Colorimetric method) KEE o FRYEE » HEEERE

R EE 2 E AR E R RV EE D PO B R S MR B RO I 2 BRME AR » SR 2 B W] e RT3
» HEBETREXNEEENES L (Table 3) - LERFESREBLUSTE » THEFEER

Table 3. Composition of lipopolysaccharide components in Flavobacterium sp.

Components % of total LPS weight! Molar ratio?
Carbohydrate

Total 26.94

Aminosugar 22.57 11.35 (11)

KDO' 0.61 0.002 (0) °

Heptose 3.13 1.34 (1)
Phosphate 1.04 3.02 (3)
Fatty acids and alcohols 15.90 5.87 (6)

! The components were quantitated by various methods as detailed in Materials
and Methods. While the weight of total LPS was obtained by weighing.

2 Molar ratio of each components in LPS was obtained by using the following
molecular weight: 31 for phosphorus; 230 for average fatty acid and alcohol;
179 for aminosugar; 210 for heptose; and 402 for KDO (3-deoxy-D-manno-octulo-
sonate). Numbers in parenthesis are rounded-off molar ratio.
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Aminosugar : Heptose : Phospate : Fattyacyl chain=11.35:1.34:3.02:6.21 » ¥ 11:1:
3:60

Lipid A & Gram negative HERBEEHNEMAITE » B Mitogenic stimulation » i
HL o FEBEARAMILAEYIEYE - BT THESH RSO EIE Flavobacterium sp. HIIR%
BErb Lipid A RykSHesE Salmonmella typhimurium (Rick ef al. 1977; Rick & Osborn 1977);
E. coli (Rosner et al. 1979) fEitE » =EHNERMEME » BSFEAER Lipid A, Core R Polysac-
charide backbone rr o FEBFMEMIE4E » Inner-core 4 Heptose XK 3-keto-2-deoxy-
octulosonic acid (KDO) oligosaccharide - KDO #yfrEEOGARE Lipid A #E B L)
OREFERE WO T S BB N RN R L B iR » BV R LM KR rEiiE %
@A Lipid A & KDO » Rigfligd4 KDO Hylig & B+ » £ RJA Escherichia coli temperature-
sentive mutant (Rosner ef al. 1979) o Flavobacterium sp. 74878 E. KDO o Hfg5EERy Mol-
ar ratio BEBFEMIES BT » (AR BRI —EEEWAEREREAR EERRK -

1 =

— B SRy Flavobacterium sp. B—HEHKEM (Gram negative) FibiREE » HIELR
R NRFEIESEE o i Flavobacterium sp. 7 REBEIZHE4BELL SDS-PAGE EIXBIHERE
o BAMLSBEEEEE LS AL LAY O-MEESERS - BEARBSWESENE  SWIEE
AWIRRGSE (Acyl chain) BEEEQOTERERENRSBIHEC) R MEEEEC) LTV Q—
%%l B-Hydroxy fatty acid @iF4Y o FE+Hbl 12 6E (1-Dodecanol) & %% 4%k 18.89% »
MATER (14:0) » #EEEE (16:0) » REMREE (18:0) =FHMNEEAHEE 10% o SHE 4 BRI LE2
ML o 1EIME S EEPILEE | LOREE L 8 IRBMET SR 11:1:3:6 o HEAHEE/REEE
(3-deoxy-D-manno-octulosonate; KDO) » KA/ BEEHE 2IKEL—-

% i

AR ERFKEZGEBFAERE (78 BRE-7.1-15-06) » KRl 3 LR EBRIIM » FEXERE

R EHRIREER BN SR IR BTG -
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