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ABSTRACT

Extremophiles are organisms that can survive and grow under extreme
environments, such as extreme cold, high temperature, extreme acidic or basic and
high salinity. Extremophiles can develop novel biochemical or physiological
properties, such as specific enzyme system, to adapt various extreme environments.
The unique cellular structure or stable macromolecules play important roles for
Extremophiles. Thermophiles are the major part of Extremophiles that show extreme
tolerance for high temperature. The cell membranes are important in maintaining the
integrity of cells within their growth temperature range. The properties of these
structures contribute to the ability of microorganisms to grow at high temperatures.
According to the previous report, the polar lipid fractions of cell membranes from
hyperthermophilic bacteria showed change in composition in response to changes in

the growth temperature.

Thermophiles-related isolates used in the studies were recovered from hot spring
of Taiwan. Polysaccharides and glycolipids were obtained from these organisms
(indigenous strains: NTU-407, NTU-1085, NTU-1089, NTU-1233 and type strain:
DSM-11303) and subjected to further analysis to understand whether or not these
materials were directly contributed to high temperature resistant property.
Polysaccharides were obtained from DSM-11303 strain (type strain) solely among the
strain that were investigated, and its compositions were analyzed by GC-Mass.
Polysaccharides obtained from DSM-11303 comprise mainly galactose, less
N-acetyl-galactosamine was also presented. Massive TNF-alpha expression in
macrophage induced by polysaccharides obtained from DSM-11303 indicates the
immuno-modulative activity of the extracts. Comparison and distribution of TLC
analysis of glycolipids extracts of type strain bacteria (DSM-11303, DSM-20539) and
locally isolated substrains (NTU-407, NTU-1085, NTU-1089, NTU-1233) shows
huge diversity. The structures of major glycolipid purified from glycolipid crude
extracts from NTU-1233 were determining using TLC, NMR spectroscopy (TOCSY,
COSY, HSQC, HMBC), GC-MS and ESI-MS, and chemical analyses. According to
the spectroscopic analyses, the structures of glycolipid is elucidated to be sulfolipids
sulfoquinovosyl diacylglycerol. Sulfolipids sulfoquinovosyl diacylglycerol, it is the
first time been found outside the plant kingdom. Treatment of glycolipids from locally
isolated thermophiles-related strains (NTU-407, NTU-1085, NTU-1089, NTU-1233)



stimulates both the TNF-alpha and IL-6 expression of macrophage. Taiwan is a small
island locates and diverse extreme environments, are widely distributed in different
areas in this island. Several indigenous thermophilic bacteria were isolated from
geothermal areas. Results from this study that these local thermophilic bacteria and

there are boundless research subjects, we really value in the study.

Key words: Extremophiles, Thermophiles, Glycolipid, geothermal areas
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B4 $ (extremophiles) & - ¥t 4 % iy  Glde e g R~ MR
AR Rl ) - - ) R R A T
(thermophiles) - ‘f* # B (psychrophiles) ~ @ % f (hapophiles) ~ #d /& 7 ~ 7 iz 7
(acidophiles) ~ 74k (7] (alkaliphiles) (Stetter, 1998) o id ¥ izt B2+ ic 3§ & %
TG B RE Y Bor alEEARRB Y 2P SRR R R 4 T 5 IR K
AP HEE DR RS A 0 RE B PT 0 AhE2 &R 2 5 (Kristjansson and
Stetter, 1992) f‘g’fﬁ e £ v o it B fed poerdk L enjb a4 ok e
d g7k TR B Fiweivd 438 2 £1%# ¥ (Madigan and Marrs, 1997) -

CHEFERT LA B AIE ST ELLA L L e AP R #
WAEARADBREAATZB ODARANLT EL G L2 RATEIT B AL
SHTR S ES BLEBE AN I T AL A CEACFEAL B F
SRR IR A R 0 B 22004 E L0 C g3 S o2 el B A AR
L g A > bl4oAlterococcus agarolyticus (Shieh and Jean, 1998) ~ Sulfolobus
yangmingensis (Jan et al.,1999) -~ Meiothermus taiwanensis, Pseudoxanthomonas
taiwanensis and Rubrobacter taiwanensis (Chen et al., 2002a & 2002b; Chen et al.,
2004) > F 5 AR M AT T S R E o 2004 # 2 d § RIE A C A2
Meiothermus taiwanensis ATCC BAA-400 ¢ - & 318 Rt pE iy B ehipfi o & —
% aGalp(1-6)-B-Galp(1-6)-B-GalNAcyl(1-2)-aGlc(1,2)-Gro diester > #7 ¥%fc 1 & &
C17:0 % 2 = (Yangetal., 2004) -

SRR B RF A R ML b R BT P ARG A
P B - BERRE AKX BOFTER R A RE B LG
TP A G A 1993 EAz o [ F - BRI S B Rt R
(Extremophiles as cell factory)” ( Aguilar etal., 1998 ) o gt ¢k » 2 iR E-p A »
FOORATE B AR FEMRL O TRRA AR DEKE NS
LIPS IR LU AR LUk S 7330 P A% 3 Kodakara § /% &4k
¢hef # v 24 ] Thermococcus kodakaraensis KOD1(Fujiwara et al., 1996) » 14 »
A F TR e V2 2 A Fl4e 12 i385 12 (whole genome sequencing)’ £ 14 F 7
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fe & # i 1AL F148 (functional genomics)e™ ;% > F A NF F AfE T B2 2 A

) T ;ﬁ PHRF SRR YA R G dofg s £ 4% T Ribisco A F13 -k fE
PIH e B4R B R B et € e 3 4 L F s ¢ DNA polymerase ® el
R il ER A LA T ey
G- BRET T LA RALAMT ] B P B TS R

4 (Tanak et al., 1999) -

A ? AP RE R B ASeIEBOET Y > HE LD B REA
A BERBSBMAF2ZAT  FPPEAERL RS Pz BARERZ—
- BBCERISOC~0TC 2 B2 A I PRAYERS > KRS
A B R RIS 0 A BT A KRz d hE SIS FKRNTU-1511 2
NTU-1525 » A 8|7 %E*60°C % 70°C » /5d 16SIDNA B 7| cha 45 » B B 7 4p
#>tRhodothermus marinus ##-2 tk DSM 4252" » #3%:ip B & - £ 559 Al
o wmre i 2B R RIE . 0 a8 BT BRE AR 2 e B

B

#7480+ & % Rhodothermus taiwanensis 2 2 12 ~ ‘w2 ~ i & & &2 0%

Y
)
"

@—ﬁmpi’ﬁ?ﬁpr@ﬂﬁaﬁﬁmm?ﬁﬁ,aiﬁp;ﬂ’aﬂwy

4R R RREA R CERGDRRE AR RPRE S 2 R0 AP H - RS
FI* R4 S EOR KRR Y RGE S R RS
AT EEF A r’/%?fr%§7 F‘F]k%i%ﬁ °

FRROEERE fﬂ“*% FORERE CFEFREIFRE N2 B PN
%%ﬁ’U@Hﬁzmiﬁﬁn’%ﬁkﬁw* DR R R R R kS
S AR N 5 Aoty AL R R N AR E B 0 O B R T R
F_T B 7 5y (Stetter, 1998; Lamosa et al., 2000) » &4 » Escherichia coli, Thermus
aquaticus, Candida species ~ thermophilic Bacillus species % Staphylococcusaureus
4 £ AR H A garghp at B3 4e @ monoenoic %  heptanoic fatty acids
wb ] "% 4 (Shen et al., 1970) - Thermus # Meiothermus f] X % B¢ 2 &% ¥y
Be 70— &4 & EFy B (phospholipid) ~ f% #5 & (glycolipid)( Ferreira et al., 1999;
Wait et al., 1997) > iZ & FE# B3 ¥ 7 7 = B = #b(hexoses) » — & N-hexosamine



% — i# glycerol (William and da Costa, 1992; Carreto et al., 1996;Donato et al.,
1990; Ferraz et al., 1994; Lu et al., 2004; Yang et al., 2004) ; %% 24 & /§ & 13

dv o flmE b enpE iy BT AT 2 vt bR RE 2 # 4 (Prado et al., 1988; Ray et al.,
1971) - iz# Thermophilic % hyperthermophilic ##%# 7 phospho-sugar-related
solutes * |4 di-myo-inositol phosphate (Martins et al.,1996; Scholz et al., 1992) ~
mannosylglycerate % mannosylglyceramide (Martins and Santos,1995; Silva et al.,
1999) ~ di-myo-inositol phosphate (Martins et al., 1996) %
galactosyl-5-hydroxylysine (Lamosa et al.,1998) igdt #F 5|2 Sip e = 7 o L i i&
A F B R PF A iR BT B (Da Costa et al., 1998) -

= ‘ﬁﬂ';: B e
TEREWERFOFE LT - AR5 BIG o KAHPFF L PERF
%k Iﬁq'é‘f’x\:—*élb[ﬂrﬂ/n Lk\Fll? 4 ‘éﬁ“gﬁﬁngﬁ« ,;}-}QJ{’&_%%;@_] Ff'ﬁj’fé.‘;%i%\ﬁé ERUN

BB A2 FRAFTRAE R RFE R ML P TR L SR KPR
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L F R A B2 RO BEY A R R bR R

Fruld - BEFRAEE P ORY et LR ES S 2 PR ;@E,gg_,;v,g £
B

pas

d MRS Pt L G BT MR LA P L oY PR
LA TR EA R M LN AP F L S - BRELYE
£ 2 PAT 0

TG P SR 2R K e (B )2 o5 # ] (NTU-407, NTU-1085,
NTU-1089, NTU-1233) 5 $+ % » &7 c" BE SR FE T e é"f?£ e
&35 0 ¥ R 1 (DSM-11303"; Deinococcus murrayi)ie 7+ i 5 1 sk
FEE R TR AL RS AT W I SR L e g
Fitis ¥ A2 "%’%M%‘Eti P SR e EE TR AR - £ TR &
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L1 @ Ezss4 % Thermus 33 £ A (T o3 % 2 34 5 50C > & At
B AP 20-36 ] 7 E o

1.2 *t % p& (exopolysaccharide, EPS) 2. 4 #: :35—\?* # F A Thermus 35 % 7%
P S0CT R A 2036 ) R R s o BAEAME TS kP 0 100C
IS 2B A AT e B R R o Uk B AR (747 2k > 14 9000 rppm
B ts o PSR ATk

b3 pE (EPS) 2240 @ & B~ dmg fe 52 5 R K730 Iml = =%
KB g 600xg 0 3 ARSI F i 0 T 0.45um SRR 0 T8 2 B
Y2F v AR R T R 5 B 88 K 47 F (gel filtration) A & > JRiE 1 ml/min > 12
F78+ % 1d ;o] B (Refraction index ;RI detector) % % ¢t 4 i jp] B(UV detector) i

R e

14 g Ap-K 475 & (GC-MS)~47¢t S pEtgz Hppe @ itz Sy
de :Fp 77 | (arabitol) » ¥ 128 & & ¥.( % arabitol ~ arabinose ~ rhamnose ~
xylose ~ fucose - galactose - glucose ~ N-acetyl galactosamine - N-acetyl
glucosamine ~ mannose) fe P& {7 % S adZ o 45F U A0 R 47 B R R

TR HREE RS 2SS AT d NEHBEY €5 204
B 217 ~ 273 2 %54 BB Fpt gt B ER T EE o

L5 00 f Ap-A 45 ot (GC-MS)& 45 % % EAl 2 B pEAEGES © % Sokae
4o B AT ’.ﬁ‘_usﬁ#gﬁ]ﬁ%‘rg&@/}ﬁ’d”‘l e B4 % g S ol A
PE O RAISmEG 117 118~190 # ¢ — i 3 FL > Flpt gl FETE
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21 f 2 s& ¢ % Thermus 33 £ iR T BF - 53 % 2 34 5 50C - & FfE
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22 WOHPERR 2R B D B HFW B FAL e R (L 10, wiv) 0 BT
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2.3 WP EERG R 2 A g ik Lg% E 41(Gel filtration) e B g 4i(silica gel )
BoAriz 2 0h Spa g it o 1% Foxac A P (HPTLOF £ £ 4 F & > R
HMiLiE2 AP o
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2.4.1 Methanolysis : 4 #7473% 0.5 M CH;0H-HCl % 80°C ¥ F i 1 /|- P& {s >
i A2 2 fatty acid methyl esters (FAMEs) » 12 48 k& +57-F 3% & (GC-MS)
WRR I S AR 2 R G PER o EER AT P Ak e S AR o

2.4.2 Acidic hydrolysis : A #74# 3> 5 M HCl # 110°C # F & 20 -] pF{é » K f%
A4 12 NaOH *® 4o » 12 chiral HPLC 43 glyceric acid 1% %% i
(absolute configuration) ; @ H ¥ @& f& #F B 12 high-performance

anion-exchange chromatography with pulsed amperometric detection

(HPAEC-PAD)it {7 4 45 -
2.5 BARA 58 T

F1* MALDI mass spectroscopy and MS-MS fie & %2 £ & & 3 K (NMR) B

T_o

2.5.1 MALDI B 3# & - 4 v 2 % &% 30 7 fR {8 > 12 MALDI-TOF 3% & 4~ 47

12 Cyano-4-hydroxycinnamic acid § % matrix o

252 PR EREFH R LA T2 R &% 3T CDCl3:CD;0D (99:1, vol/vol) ® >

2 Bruker Avance 400 and 600 spectrometers | £ » 17 °
3_;;%;37_&%%3;]@_# Ay e WA =)
31 EF BP 2

301 e tha 15 %



3.1.1.1 Raw cell line (murine macrophage cell line, ATCC TIB-71): pt % 7+ &
Sl EEFTATRARGY S B AW DMEM B &R P 0t 10%
bovine serum > 1 mM Sodium pyruvate £ if £ #2 % (100 IU/mL
Penicillin and 100 pg/mL Streptomycin) » % ** 37°C ¥ 5% CO, 53 %

SR
3.1.2 £ £ %% &~ 477 2 (Enzyme-linked Immunosorbent Assay, ELISA)

Bl RGBS (D FT AR e B A ) 2 e i
TNF-a and Interleukines 7 # ° - 96 well tissue culture plates + = i
well # 7 2x10° Raw cells » 40 » 7 Jp ik B chd ¢ 1 908 2 de g
% % 40 ¥ 0t LPS (1 pg/mL) fligeime o o el 34 24h 5
P~ig & 1} ik > 1% ELISA kits (R & D system)ip] & TNF-a %

interleukine-6 &% % o
3.2 P F M anp iR

* MTT assay &7 ; } ik F Jis ¥t ik 2 ‘o e MTT #F4(0.05
mg/well) % 37 DMEM # % % » % % 37°C# 5% CO, s £ P 2% 2 h
s > # “,%J ik A 4e ~ i £ 7 DMSO » ] OD s7onm ©

33 Blmie d MR
33.1 pimre th2 1B %

33.1.1 MCF7 Mm% $k @ 5 % # 5t ’Jf]t J% %o "¢ (human breast
adenocarcinoma) ; " MEM £ & A % » Fwehe £ 5 Minimum
essential medium Eagle 7 2 mM L-glutamine % Earle's BSS 2 1.5
g/L sodium bicarbonate 4 & pH # 3 7.2~7.4 15 » 4¢ » 10%73 2 & i
fetal bovine serum £ i & #t2 % (100 IU/mL Penicillin and 100 ug/mL

Streptomycin) > % 3t 37C ¥ 5% COr sz % fap B % o

3.3.1.2 Hep 3B2.1-7 (Hep 3B) m?2 tk @ A #f 3% % 5 ‘o *2 $A(Human hepatocellular
carcinoma) ; '/ MEM # % 33 % > #F w2 s 5 Minimum essential
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medium Eagle 7 2 mM L-glutamine % Earle's BSS ™ 1.5 g/L
sodium bicarbonate # % pH i# & 7.2~7.4 15 > 4r » 10%"52 5 7 + fetal
bovine serum £ if ¥ 34 % (100 IU/mL Penicillin and 100 pg/mL
Streptomycin) » ¥ ** 37°C £ 5% CO, 933 & 4 85 &% o

3.4 F BESk

3.4.1 12 MTT assay it {7 : {96 well tissue culture plates + & i well # T35
o7 2x10%cells » e » F B ik B chd BY T r BB R A
¥ 0 LPS (1 pg/mL) tljgcim®e » 3 iv4p 4] 324 24h 18 > B b FiR
=3 “,% »4r ~ MTT 3##](0.05 mg/well) 2 #7@ DMEM #: % ;%> % >t 37C
2 5% CO, sz & a2 4% 2 h 18> ﬁ%"%j ik X Ae i B D
DMSO > B] OD 57onm ©

B BR G (FRBEEH)

ALY o Bt S E AL R AP & TR R FI(INTU-484, NTU-1233,
NTU-1085, NTU-1089, NTU-407, Tr: Truepera radiovitrix) 3 # 3 %+ % » ¥ B~
Himre Wb npEig B~ SPERE  FHPER T - S S B iR ITAT
F T ¥ BRI FR(DSM-11303, Deinococcus murrayi; DSM-20539, Deinococcus

radiodurans;) {t— & 7| vt & >

Hep R RFRE S MR i A0 G RE Fik DSM-11303 £ 5 7@
B B ATy rE B 2 = A 2 EFR(NTU-407,1085, 1089)¢ » 56 5 =< % %

\?

B E 2 FPets o W mEPE S M i R F Btk DSM-11303 2 % pEay
MBI AT RS V(B AR - ) AR peak 1 - g 4K HT-
T R(GC-MS)FRHpEag e = (G5 4oBl= ) BHRE SRS > FRENFT
PFR 15.37min 2 4% > 2248 % 2. L 5l ik (galactose)iF § PEF R 4R 0 38 GC-MS %7
Badr oo peak | FER 7 XA Y b Byt peak 1 pa 70 R D
N-acetyl-galactosamin # N-acetyl-glucosamine ; d *F 2% ¥ 4v> & 1 rE £ 7 §
PERE A B T3 5 0 B oh BRIE R 2 T

f
z HIEE AT e
FHEE o R P T sk ﬁﬁ—w BN RBERPEEIREE D

AN

':E_z



mird AIERFY ISP ARG 0 BRI FRFY A iR e

H7 R SRS K - PV e te A R e A R EE T T R

RID1 A, Refractive Index Signal (UNICE\11303008.D)
VWD1 A, Wavelength=200 nm (UNICE\11303008.D)

Norm.
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10000 -

< Peak 1:
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Column: Gel-filtration
2000 Detector: RI/ UV

] Eluent: d.d. H,O

T R R R T
2 4 6 8 10 12 18 min

Bl- ~ of B4R AR DSM-11303 (S 578~ 5 pERRES » 4 F i 4p & 17 R(HPLC)#

fe 3% ¥ i(gel filtration) > & > v RI 2 UV 1 p| B4 2. & %

Abundance TICYUD
16a07 -

1.5e+07 -
1.48407 |
1.3e+07

1.2e+07

1.1e+07

Galactose

1e+07

9000000 ‘
3E|0(lﬂﬂﬂ-‘
7000000 ‘ | ¥
5000000+
4000000 |
3nmoon; Il
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1000000 ]

= : = e e ey
Time=> 1340 1360 1380 1400 1420 1440 1460 1460 1500 1520 1540 1560 1580 1600 1620 1640 1660 1680 1700

W=~ o B4R F P DSM-11303 5552 F pEfl > 2 R o Ap K 17 R R
F AL B D2 peak 10 £ 12 F 40K 47- B R(GC-MS)#F < H pEag o =
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vtk Sk 2R A Y EF 8 ahvf # (NTU-484, NTU-1233, NTU-1085,
NTU-1089, NTU-407, Tr.) 2 # 3 ¥ % » S5 b 0t iy F o HH pErg F b

BH B EA 1T ET X 2R % FIA(DSM-11303, Deinococcus murrayi;
DSM-20539, Deinococcus radiodurans;) it — & 71t §in 0 & BBk G538 B $HEF 4~
#H EPkHETS 0 1 TLC MRl e se b chph i B2 83 > BSR4z > 22 R
% FFINTU-1085, 407, 1089 £ #F B+ £ 3 FiF-3F F 15 DSM-11303 ek g 5
mﬁﬁgmﬁ«' WP =P 2 spot A Rtk DSM-11303 #F - * 2 A H A
AR ® spot 0 ¥ b i H B dp e @ spots B G A “4——’7%9“]:%‘]"#34}3 NS
A3 c%’%f(:“p;—]"} » BT pER BT ehle A S SRR 0 d PRI B E a7 o
RN R TS A e

DSM-11303 has
not these spots

= & 2 E KR #F NTU-1085, 407, 1089 ¢ #h 4 £ 3¢
A28 Ftk DSM-11303 > 4= 4 12 3 Y P 5 Bl ve
Wo2 FERR B (S TR 2 8 K K 47(TLC)% % - TLC &
B ;% enif i : chloroform / methanol 5/1 -

BT OR KRS e BE B B4 SR (7 A B 5 " (silica gel) 2 527 (LH-20 gel)
FHA R 0 F 0 TLC #ipl4 4% % 4cWe > Bz (1)5 & 2 o # 5 NTU-1089
TERE B Q) A2 FRFNTUAT 4T 5% Blz ()5 REF At
DSM-11303 #+ 8 % % » B= (4) 5 & 3 * # FNTU-1085 “+ @ 5 % ; p* %‘f— B
R AELS AW IS T E - b A Y TR P SRR i
#E 4 (# W(silica gel) 2 5 (LH-20 gel) ) shi it > 5 @iz (B3 H - i &4 > &
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BT kg 40K HT— T RGO-MS)IE L ¥ » g R4S it £ 42 7 TLC
AHEtS o d BT R BRI DI EARBA Y Sl s R F R FIG
% T2 5 o i (7PELR 2 (composition) % 42 % (linkage)z. {5 0 WA HHEF
% NTU-1085 i B2 fEagsni> 2 3 T84 > 2 - BB 5P 2 5 fait &

Fooi ¥ ek 2 NTU-1233 58 (R pgsa 2 phagie s 2 19(R 1 )8 > 7~ @ Flag e
BE o WL EE 2 grabitol FF TR 0 ¥ A X 0 Rl T oE 2 d gt

I ? LB T o FoE R - B R R R R(NMR) #s 47 #52

EEFHREE] AT (DR R REFERY 0 L TLC P ERE
ES FPE o d b IR S AR T p(2) &t TLC & B # 5 B-pErg J R+
v Eg - silica gel ¥ 2 14 £ 4R A MPE > 4 dgel i AN BURER T

e AT ERGEEMN P RAITERES T ETFEE L RET - H D

%‘ﬂé

SR F o FF 0 TLC P - etk BB 2R & 2 100% 7 R

B )f%?]‘ ¥ = A0 R E L7 R4 silica gel A N iR E AR o

Fobo i E e TLC vk d 2 o R FROEFE P B 2 f8 57 5% Bl 4§

' Bl» =Bl 2 15 ¢ R 2 PGL1 2 PGL2 (Yang et al. 2006) ~ 2 3 &

® F—DSM-20539(D. radiodurans.) ~ 3 Z & 4 & {72 #5 # 7 NTU-407 ~ 4 %
3 FEZ FJ’;%.‘EI:«?]NTU-IOSS A SE- S "*%@ﬁNTU-lO@ ~ 6 5 R
® FR—DSM-11303(D. murrayi.) ~ 7 & * 2 & 7 2 v]’;,'%{#c;ﬂNTU 4848 5 &2 &
%5’1?%,’ # ) NTU-1233 ~9 % ¢t E&]“’ﬁ £/ T. radiovitrix. #7745 % 5 LR A
Wb R R AR o A “‘g # 7 NTU-407 (lane 3) ~ NTU-1085(lane 4)%
NTU-1089(lane 5)F #tp i chp P {7 & 5 d b B& 17 2 R0 FiRer & 2 i
FORERC R R ok d eR R 0 DSM-11303 (lane 6)4% R A2FE " T
DSM-20539 (lane 2) e 24842 %5 F § £ 925 5 @ & 2 o4 % # NTU-1233 (lanc 8)
Rl ok B #F T radiovitrix (lane 9)§ 24 #ifchie a2 7 & > FMA 5 0 o
AIERFEIER TR RARS ¥ I OL R R RE e TLC F o
EE kT A F* # FINTU-1233 (lane 8) | £ ¢t 19?]“” # ) T. radiovitrix (lane 9) 7 2t
FRToES2 738 LRFufEe TLC BEREHFR - A2 HE2FHF-
NTU-1233(®] = * R B])% &% @Ftk D. radiodurans (B]- + Bl)Z pEP B R4 2

14



P& Ao NTU-1233 97 5 2 % i ih o 254 M cnd o 1 > @ 10 Ftk2 iy
L4cFl 2 B2 B TLC #7#8 % % » DSM-20539 (lane 2) e 245 1 fE 7 i

=

(1) NTU-1089 (2)NTU-407

(3) DSM-11303

Bz ~ ()3 2 #5 NTU-1089 ~ (2) 5 & 24 5 # ] NTU-407 ~ (3) 5 *F B
Fjth DSM-11303 » 4 Wit {7 526k pEPg B 5 B 15 0 550 W(silica gel) % 5%
(LH-20 gel)¥ o4 #tis » £ 2 TLC MRl % o TLC B B R chif i+

chloroform / methanol 5/1 -
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2.6e+07 l
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800 10,00 1200 1400 1600 18.00 2000 2200 2400 26.00 28.00 3000
BT~ FARBAT—THRBIE - P RGHRE S S5 FH TR A2 FRE
NTU-1233 4 45 Bl o + B2 1228 5.t iF F PE AV (A 48) 0 el 8 (11 4 5
4p d1)~& W40 Darabitol 1, 9.82 4 ; arabitol 2, 10.01 4 ; rhanose 10.36 4 ;
fucose 1, 10.81 % ; fucose 2, 11.34 %~ ; xylose 1, 11.82 4 ; xylose 2, 12.10 4" ;
mannose, 13.99 4 ; galactose 1, 14.58 4 ; galactose 2, 14.72 4~ ; galactose 3,

15.36 %~ ; glucose 1, 15.88 % ; glucose 2, 16.20 ~ ; N-acetyl-galactose, 18.78
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%5 N-acetyl-glucose, 19.12 4~ - T Bl ¥ v B 4 8¢ & W] Z_p &2 2 arabitol
FE TR 9.82 4 %2 1001 & > @A 1639 & % 1698 & (A i) »

Bl ~ (=B ER A7z oA 2 E%i%i"‘%’%f@ F% = IR Atk PR B R
Fol: e venfE® 2. PGL1 2 PGL2 (Yang et al. 2006); 2, DSM-20539: D.

radiodurans.; 3, NTU-407; 4, NTU-1085; 5, NTU-1089; 6, DSM-11303: D.
murrayi.; 7, NTU-484; 8, NTU-1233; 9, T. radiovitrix. TLC & B j& g i%:
chloroform / Ether / methanol / 28% ammonia : 55/10/30/5 ; 12 g % & &
#5772 (2D-TLC)» 45 & 4 & ¥ 2 *§ # /- NTU-1233(7 7 Bl)% &% Ftk D.
radiodurans (+ B)z pE*; & B > % — & TLC & B /& chif 2 : chloroform /
methanol / 28% ammonia 65/25/5; % = » TLC & B % enif ¢ chloroform /

acetone / methanol / acetic acid /water 32/8/5/4/1.6.

- B NTU-1233 FtRi (v 2 pErg Fie (7 s & 4R L3 R 2 73 kiRl
T kAo - 2 Bl ~FlL - B~ (H-NMR)® 32 % 54ppm ¥ %
BEEUEL > A A 0.8 3 2.3 ppm B¥ &y ssmaaiiEl > £ v BC-NMR %3 ~ COSY

k2 2 HSQC 3§ %R 2 4~ R i £ F eng 4l & diacyl-glyceryl #72
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1 6-deoxy-a-glucopyranose-6-sulfonic acid » #* B4 2 © Bl e fg 4 @ AR
I (Araki et al., 1989) -

- R G op A F S 4~ 45k 3 & (electrospray ionization mass
spectrometry on negative mode) » 7 pt it & F s F £ (Ao B - )5 BIF
sulfoqginovosyl dihexadecanoyl glycerol 2 & 4 + 7% 793 m/z > d bt Ja %7t

t
CEP 235 CyHpOnRS e d M B F R it &5 2 BipdcBl - = 977 o

f- ~ AIEHMEINTU-1233 50 'H, 2 PCNMR i 5 =4 #icdf

Position O e
Fatty acid
150-CHj3; 0.81,d (6.7) 22.8
anteiso-CHj; 0.81,d (6.7) 11.4,19.2
iso-CH 1.09, m 36.6
anteiso-CH 1.03, m 39.2
normal-CHj; 0.79, m 14.1
-(CHy)p- 1.14-1.28, m 29.1-30.2
- CH,CO- 2.27,q(7.2) 34.4
-CO- N/A
a-Sulfoquinovose
1’-CH 4.76 98.9
2’-CH 3.42 72.2
3’-CH 3.60 70.2
4’-CH 3.53 63.7
5’-CH 3.94 66.2
6’-CH, 3.26 73.7
3.25
Glycerol
1-CH,O 4.37 62.9
4.10
2-CHO 5.25 70.2
3-CH,O 3.96 66.2
3.53
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Bl= ~ NTU-1233 % it gE# F 2 'H-NMR %3 (zoom in) °

T
%5 90 BS 80 15 70 65 &0 55 50 45 40 35 30 25 20 15 10 5 ppm

B~ ~ NTU-1233 & i gE#g 2. PC-NMR k3
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Acquisition Parameter

Capilary End Plate na Capilary Exit nfa detbias 1900 V
EndP 3500V Collision energy nfa Number of Averages nfa
Intens. | M5, 1.810-2.220min #(182-223)
10004 7835115
8OO0
G004
4004
2004
! 417.9143 l
0 l Ll L I l

Bl-- - ~ NTU-1233 @it pErg B2 f 3+ 5o Rip] 2 3¥

Bl--= ~ & NTU-1233 %2~ 2 3IpE#q { chig 4 5 Sulfolipids sulfoquinovosyl

diacylglycerol (SQDG), R = alkyl chain

B ST LRI A T - BB e 2
¥R >rmwd Bk Sen 404 M- a3 o AT T hE m T AR
B - BEFREEY i F P o 4o 5 (mosses) ~ X # #F 8+ (ferns)
7% % %7 (algae) (Benson and Daniel,1959; Benning 1998; Frentzen 2004) > @ # 2tk &
f£* 4 4 | 2438 ) Rhizobium meliloti (Cedergren and Hollingsworth, 1994) 1 -~
I Nl A U R S SUE N LR B g TS WE R Ao
PEREA S P EF TG LI R AP REIR AT

et RPN AFF LT D AT 0 4o gram-positive, G(+) 0 F

Alicyclobacillus ~ &3 F‘%’ #u ik 14 (extreme thermoacidophilic) (Langworthy et al., 1976)
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% & *%(sea urchin) (Isono et al., 1967)® o ¥ ¢t » & AFT 3 ¢ 77 j A 4 ﬁx%ﬁ%z%gﬁ
g SRS S L R U S S R SRR R R
EREEPY Ao BEAA R LY A S o R Sy R

FyA A FLHE-

"L 4B RS2 PR (glycolipid) 2 # i i Rk DSM-11303 £
SEM(CPS) e fFmie i {2 2 PRk 2R R FEERLRR A

1734 (ELISA)A 47 » 4ol 2~+ T S B2 7 A2 HRES 3 F b
£ (10~100 pg/mL)z fE 25 5 5 B30 i 7 flcm e ek —IL-6 § 5% 2 BF p E. coli,
¥ v 2. #F % (LPS: lipoposaccharide) § T4y 4] » S % 81 > & 2 ‘f%’ 5
NTU-407 2 NTU-1089 2 p*g B #rildzsmie o i iwbe rg 1L-6 2 i & & 5 »

wip2 ¥ O RHERS R AT e [L-6 2 A i B d) o BT AL FE BRI

2 ER R PR e A 2 e ek —IL-6 Sk o

@ 100 ug/ml
100000 B 50 ug/ml
90000 0 25 ug/ml
E 80000 010 ug/ml
en
& 70000 m 0.1 ugml
O
& 60000 mo
B 50000
e}
S 40000
<
g 30000
§ 20000
“ 10000

0
DMSO 407 11303 1089 EtOH TR LPS

W=~ R ERLARA Y2 (ELISA) A 47 & 2 S B s i 2 g
(glycolipid) % B~ 3 % = 7 v & H g g —IL-6 7 B % % - DMSO: 4
b ? g de ot B IR fR 205 L 0 407:4 4 o B A NTU-407 - 11303:4
% Atk DSM-407 » 1089: 4 2 4 # [tk NTU-1089 » LPS: 5 b 4 % » 4741

.
{H o
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T orAp 0k Rl A 3 of # F (NTU-1089, NTU-407, NTU-1085,
NTU-1233, NTU-484) ' 2 & #;  (glycolipid) ¥ B~ 4 2 & % [
DSM-11303(CPS) % it 2 % ER e % 1w "% % —TNF-0 A it > &% dcfl L
2 L7 5 o FRE Ftk DSM-11303 2 % BERE(11303-CPS)#H>+ 1 . fm
A4 TNF-q ek 24 4 % 22 0.00lmg fFor g 224 Forek - 7 L Aid
Proigdt S PERY S L REaRE T R £ H i

l;"_
<A B B LR F o BT 3 e

5
=
|
¥
14
W
"
=
ot
A
W
-
A

ik o2 A oo ¥ b A 1 F k2 BE Py F (1089-glycolipid, 407-glycolipid,
1085-glycilipid) s & & J& fl s b B2 34l > 7 IR 4T gk 5 2 g
fwPe g TNF-o » &g §_1089-glycolipid >407-glycolipid > 1085-glycilipid ;
m b B AR F R 11303-glycolipid e e % R A 2t A 2 FHik? B oo R
1089-glycolipid £ @ +* 407-glycolipi 2 1085-glycilipid & -

300 O 1 mg/mL
- 250/ W 0.1 mg/mL
<=, 00.01 mg/mL
G 00.001 mg/mL
= 200/
Sl
Gy
©
= 150/
.8
=
5 j0f
()
=
o
) 50/
1089- 11303- 407- 1085- 11303-CPS LPS
glycolipid  glycolipid  glycolipid  glycolipid

M- s R RR LR A2 ELISA)A T2 R B2 21 7f#
(NTU-1089, NTU-407, NTU-1085) it 2_ % 75 i (glycolipid) B~ = % 5.2
F]tx DSM-11303(CPS) i 2 % pEHfie 7 {1 w2 jr  —TNF- . 2 § %
% CLPS:ApF & rdle o
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7000
M 100 pg/mi
10 pg/mi
80001  owmmm 1 pgimi —
. -
%if 5000 -
S 5
5 4000 -
Z
g
Q2 3000 -
3
L&
i
2000
% 200
b
1000 -
.

LPS T radiowitric NTU-484 NTU-1233

]%]J- EE Ilﬁj_'% j,j’q.ﬁ_, Vi“]j'/u\‘%ﬁ’/z‘ (]E‘:I_JISA)*Z‘W\’]‘ﬁ'Z P\':'//J e § v 2 j_‘:—l p%?g{‘ E:‘]‘
(NTU-1233, NTU-484) % it 2_fE #g ?(glycolipid):‘?ﬁ’»q‘% SR D “ R ,}r‘f?
—TNF-q 2 §5%%% - LPS:ap & % > 4] -

¥ebos fie I%‘m”é’—q—*ﬁ B EE S A HES ﬁ%ﬂ?ﬁ #\ﬁg‘ ?ﬁ S p
%2 [MCF7 mfetk @ 5 A 5E5C % ”’}1 J& ‘0 *2 (human breast adenocarcinoma); Hep
3B2.1-7 (Hep 3B) w¥®& k@ % 3 3% % ‘o 2 $k (Human hepatocellular carcinoma) } ‘% &

e g L N &F'rd“*’“b]?]“ BivarEend pERE 2 PR B DR ot 3O BR8P

) eFr s o

RNV =iy ﬂ%' # *p%]‘m? [’% LR JF’FS% PR R I ..“:é:—ﬁ& B g o ¥
FHd 2 P ns  FFHEEIRIERF LRI FIEE AT BER
P apa R B S IR R PR gmﬁ@afﬁﬁu F et v g
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I ~F7x%pE

AT AL EAERE LR ﬁ@’ﬁ@%@%mﬁﬁﬁﬂ@“

i

% FJRhodothermus taiwanesis > 1 & chfp F]E A2 75 X FH A > 5%
%
%

PEOTEGDFER R SO RFVREFLT AN LFEAEREF AT
? ’\?‘C:’%QEH;LQ}%?‘ ’H‘:"%uj‘“l %ﬁﬁﬁ; IR r’/#’;/ & iE 28 & %’%“?]‘;

AR R ERAM O TELFAETHEF LS E Bt wF g Y
R R FRREF R RIS - o B A S B R B S o B
R AR LA (SRR AT R F e e KRR
AR oY 2 3R IR o AT RS R S R LR A “%’,%%i‘%ﬁ'
“H (NTU-1085, NTU-407, NTU-1089, NTU-1233) & " =t ch= § Fjf6i® > %% 3 %
PERE > & AR MR E AR ADSM-11303 5 e F 5 i A & el gl »
W5 PEREE F flgci e ek TNF-02 i sk 5 2.5 4 4 7f 8 F(NTU-1233) ¢
FARRAT-FH R -PE L IR &R Rea 7 ET o R T0 d NTU-1233
EBanpER R Y > 75 -85+ L3S 7 A F (sulfolipid sulfoquinovosyl
diacylglyerol) i 2 4~ et » W B 5 d 5 AL AfAY 0 #F L 2oL w
REYATHEZ R R AFREITY hg B (3 4 NEBEHLR o d A
2R R E B W 9 kK 452 (TLO)E RS - @ arh— &
Wit 2 E i EE s F G A F PR SL R > LB FRDSM-11303 7 #% %
AR PET 70 5 DSM-20539 & 2 i s 2 6 2 B4 0 @ A2 sf R AR
Pl Eted Lo REFARL TG EAGEIRPEDT k4 H A b El
MEE LA F ez AT A2 A RFL P RS &% G TNF-at IL-6%
BRI ek stk o d PRl R R T e A LR A ERE P
B e oMl 8hI T8 AR LA RER 6 0 %1
TR EEARFLEFE AR I R TR R AFEY

Ao TR R A AR MAR B ORIR A T Y .
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