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2 HHn, PAE ZAE FAgeE BulAgEe 2EZRAL Y dEIA
t}. Rahnella aquatilis 39 +44 fructan &4 EA2T E colidlA 47%9
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Molecular characterization of the levansucrase gene from Pseudomonas
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and Biotechnology.
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SUMMARY

I. Title

Studies on the Development of Functional Foods and Feed Additives by
the Production of the Soluble Fructan

II. Purpose of the study

1. Strain selection for the production of the soluble fructan

2. Development of the process of the mass production of the soluble
fructan using E. coli recombinant strain

3. Development of the fermentation process including extracellular excretion
conditions of the enzyme in E. coli recombinant strain

4. Validation of soluble fructan produced as ingredient of functional foods

5. Elucidation of soluble fructan using animal and human system
III. Contents and scope of the study

1. Screening and selection of soluble fructan-producing strain

For screening and selection of soluble fructan-producing strain, soil
samples were collected and examined their growth and polymer forming
ability using the solid media containing sucrose. Sequence of the gene
responsible for the soluble fructan was analyzed and expressed in E. coli as
active form. Optimun cultivation condition and excretion of enzyme to the

culture fluids were finally selected.

2. Validation of soluble fructan as ingredient of the functional food.
Application of soluble fructan for food and related area were studied.
Firstly, we undertook to evaluate the in vivo effects of fructan on the
intestinal conditions in animal and human being. Secondly, the present study
was undertaken to test the hypothesis that soluble fructan are able to

decrease adiposity and post-prandial lipemina in rats, thus clarifying whether



supplementation of fructan has hypolipidemic effects. Thirdly, the current
work evaluated whether intakes of fructan can be used as a prebiotic for
stimulating the growth of lactic acid-producing bacteria.

IV. Results and recommendation

Bacterial strains, Pseudomonas aurantiaca S-4830 and R. aquatilis,
were identified as the strain producing soluble fructan. The levansucrase gene
from P. aurantiaca was composed of 1,275 bp and 424 amino acids, giving an
estimated molecular weight of 47 kDa. The bacterial levansucrase gene was
expressed in E. coli DH5 by both its own promoter and lac promoter. The
recombinant levansucrase was produced as soluble form in E. coli, 3.2 U of
levansucrase activity was found from 1-ml culture broth. The expressed
enzyme from the clone showed similar biochemical properties (size of active
levansucrase, degree of branching, optimum temperature) to P. aurantiaca
S5-4830 levansucrase.

To investigate the production and characteristics of thermostable
levansucrase from K. aquatilis, the levansucrase gene from K. aquatilis was
cloned and expressed in E. coli without induction system. Expression of
levansucrase gene in E. coli had no notable or detrimental effect on the
growth of host strain, and the recombinant levansucrase exhibited levan
synthesis activity. Levansucrase was secreted to the periplasm in E. coli, and
addition of 05% glycine yielded further secretion of levansucrase to the
growth medium and resulted in an increase of total levansucrase activity.
Furthermore, the cellular levansucrase was evaluated for the production of
fructan by using toluene-permeabilized whole-cells. The levansucrase was
thermostable at 37°C. The molecular size of fructan was 1 X 10° Da, as
determined by HPLC, and the degree of polymerizationof fructan varied with
incubation temperatures: Low incubation temperature was preferable for the
production of high-molecular size fructan. The present study demonstrated
that the mass production of fructan and its oligosaccharides can be achieved
by glycine supplementation to the growth medium or by toluene-permeabilized
whole-cells.

Oligosaccharides and low molecular weight fructan were produced

from fructan by acid hydrolysis and following column chromatography.



Fructan hydrolysis was progressed proportionally as increased
incubation time. Optimum hydrolysis conditions for the formation of
oligosaccharides were, 0.3-0.4M H:SOs and incubation at ~100°C for 3-5 min.
The purified products were determined as the mixture of oligosaccharides
(degree of polymerization (DP) of 3-6).

This study investigated the effects of fructan diet on the body fat
accumulation and serum lipid composition over a period of up to 12 weeks
(n=13 for the control group). The subjects had gum (3 g) twice a day. The
body weight and age of the subjects at the outset were 45-70 kg and 26-42
years, respectively. The intaking of fructan was influenced on serum Fe,
leptin, lipoprotein lipase, HDL~-Cholesterol, LDL-Cholesterol, and triglyceride.
Serum glucose level was within the normal range during the experimental
period. The current study demonstrates that levan diet are effective for
controlling  weight, body fat, HDL-Cholesterol, LDL-Cholesterol, and
triglyceride.
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GG A9 AW pH AstanTolth wEtM, 44 fructans HAT
¥, T84 fructand AN AEAFoz Biisn Fulm Ao 3o
FEH0, AW AT ARE Estn, 43Uy 2¢de ATee fHAlEas
g HAe Aoz Hutdg, 2%AY FHAA
2 A% FAF FATA A
i A 3 ¢
o} A et +=
AE SolstAl A7)
ToAsteE

e

(3, &g, ofd )9 A
S =Ro® Bug o
&t

94
HA, §59 AFolA s dgye dAg o

gA4e JAste A4y 7
TEBEEANA Zymomonas mobilis 8¢ FEA fructane A ¥
A 7
3l o9 A
23 o 4 A (uncoupling
Z 7} 71T (8). Zymomonas
1

a7E Rasgo
AFH7F YHG12). oA E, WA YR A Eua
TARkS S

EA g
GHAFS

&teq,

=2

S

o]

9o
B ]

2718 BaAA APAL AWEHAL dAGozA AP FHE

T 3397 dow, AzFdA
nEZ=golel gt
protein, UCP)9} <52 UCP3 mRNA
a3 59 o] #yo] Qi
=
A FLHY FFEA @& odFEe gl
A 870l Fasty, Al

FRse 7] A
F
dgE (A 73 200089 %) AX e dxe BEH ZeHHTN

ZA Az A g
mobilis F&]2 84 fructand 27} &
€ 7HA32 dva AAH
glth ol & P25 EHAlo) WY,
122 Z+7} 12-16 mg/day$t 700-800 mg/dayE BFstx ol v
A 50-66% 22 wl$ YA Jeldr 2dFdAE oE v
o & drolx] A "t} o]

qo) oz A 48
e

9 3P
Q7
AA AT 03
qge e 5 5
FES HANA GRE 2
A 2% gel gAY v
2A0A mu2e] 57 SAdda waHAT (1),
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A g FUAY 8%
o il mE wE o] datd
S A2dA FAT BFAY AAo] & =
4 2R xylitol o] 2 o] &= HA 71?‘34 ! *72}% ZJ_L ’“z“ﬂ% Bolil
ATk T84 fructane B FAHAHELR ALEA A

stn FAUAA HA &EEHE 540 ddE Hol £ -‘)r %3}0‘1 Q?lﬂ?d
oo AL XS 71E A Fd HME F UE AR o
44 fructangs Zevlo] 28 AF A2 o] &3t FAIEH ?:}”ﬂ ?3?3 Hej =
AMEE 3 o (BFERAEMIYUKD, 6 ol=nk2 (Advance)). ©abA, #d ¢
AsdMe M2 59 7pgd Z]EH?’} =83 A7 FAE g3t Je AL
2 Bl

et 2 AFAE BN 23 A2 E fuctan A4 Ea

A sl o8 dFoR AUl AT A=Y A2 2NEL
31 o] o|&dy HdYgoZEH fructan @4‘_% ?

fuctan®l BA/1§& AU TEARE 2

Faste] 4% 2 ARAAAZ AFL 2L

.

2 ml
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ogt

M 3 & dAxdsd g ¥ o

A 14 AdAs 2 9y
1. &84 fructan &4 T49 oizgkgArsis A
7} AbE7FE, plasmids 2@ HiR]

2 A AR dFE U BEYAA AFHE BN EYT 5
E AHEEdT. Aol FRd XA AgE B F2Y FH4 fructan
<€ HAP3tE MAES dAH R fructan B BA o] v #FE AHIA
A 250 o #FFNAM HAH R fructands AT FFE 53} on,
165 rRNA2l HMg& BA3F Az, P aurantiacal 2 FAHUG. F3, Z
mobilis, R. aquatilis s+ fructan A &L FAAE AL ed, dHA
e YN E E coli DHSa®d BL21S AM&3lch. P aurantiaca
levansucrase 7ZF A2 (IscA)E E&stn v AZY E coli € AA 4A
A9} promoter FHYo| Yt zAH Ax2 MEHYY. R aquatilis w2
B2 %%, XA levansucrase FAAe} promoterol] &Ehe ZAHUT. AT
hA#FE 30T £E 37C, pH 744, 294 % 150 rpm, sSsion], ojuf uj
A2E LB AR (1% Bacto-tryptone, 05% vyeast extract, 1% NaCl, 100
mg/l ampicillin) & LB A8 (LB HAAu)x + agar 15 g/hH7F AHE=H A Th
ZatolAl Hrlol 23k FAY levanscurase?! A YRz BulangE A
Ao M 20% (w/v) Feolag BLd FER 3Aste AR FAE
HES AT FFEE OD600 = 0.1 - 0.2 gt

u}. Fractionation W9

hgd AEE LB AAwixlA 10-14417 <t sl g o 10 mie]
aokals MR YPOE (10000 rpm, 4C, 10%) F=FF, FF9 50 mM

sodium phosphate buffer (Kpi buffer, pH7) o2 A& gFo &35t a5
1 mle] #AE I Fof, AR YP oste] dAE IFTF, TFA lysis
buffer (50 mM Tris, pH 89; 25% A% 200 ug lysozyme)ol &ergr 3 25T
A IARE wresigith 9 FAE dA R st et on, A
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< periplasmic located enzyme siurce® AL 4T @& FAE TA T
buffer& 7tate] AEGF Foll 259 AH47I2 283 B os, NS
o A% % I cytoplasmic located enzyme source)®t HHEL (cytoplasmic
membrane bound enzyme) 2 2 225

t}, Fuuctan §A T4 4=

A AR M= LB-ampicillin L“’HHXMI /‘1‘%% H7tstel BE3H L
o, Az Wizl FLBHLS MG JE < BAgan. pARosE,
10 yl cell-free lysate® 50 mM 712 &3} E—ﬂ—’?’l, feld 229 $5E B4
H(Sigmall AEF)e s BN 284 1 unite 125 1 umold TEF
S ABAsle 529 Foz Aegrt

2}, Fructan ¥ &25139 4

Fructan ¥ &2lngde A4 24 wsAS 045 ym AR R A3
G o, JY 50 s zE&AAa2rtE Ty (HPLC, Waters, USA)el 513
of AF3}Act. HPLC A xHL& 50CE #AAZ ZHE(onpak KS-802,
ShodexA} AMF)E ©l &3 FTHFFE 04 m/ming 22 ZEHFUn, 22E&
(refractive index)e]l <93 AZF3FAcH(16). HLol weA|, Sugar Pak
[65%x300mm) ZH& AL&3td o]F4E B2 42 02 m/mine2 3o d2
A FHE g3 ANEE BHIEY. 33, Tx9, NI, ZFE-&YuT §
7+ BEESE 4 FEEZR 20 4l loopdll FYFe AEHPAen, 4 FEEA e
peak WAL o]§3 FEFIHE A TLCEAL A& 1 F3
Silica gel 60 F254(Merck) TLC plated] A3t 78 &vl(1-propanol: ethyl
acetate : water = 45 : 35 : 2002 F 9 A AxE ¥ F urea—phosphoric
acid ¥ Aefor Zgg ndy A& &2l Aok

v}, Solvent-permeabilized whole-cell preparation
JZ3E AEE LB dAufA oA 10-14A13F &0 vf 43

33
Hokols PAEYPoeE (10000 rpm, 4T, 10%) %%-ﬁé, 5
A

o #AE s I ;HﬂlOﬂ 50 mM i’c}%‘?‘n‘ (pH6)E FH7tste A F
1

Ao 200 AT o4l EFA FL ol E £ 01-1 ml LAE FF
" T4 6 m1>oﬂ 7het F, e 58S A sty ol EHAS
dAragez  RIAF, H/4UE AA F, 2 Hdd AHHEe=

solvent—permeabilized whole—cellE& < 21t}
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¥}, NADH oxidase &4 =3

NADH oxidase= E. coli“l M cytoplasmic-membrane®] &zj3t= @9
42 gEAx glen, B H¥oME  cell frationation A EoA
cytoplasmic-membrane A89 Hu FAE ALHJT. FEAEH E2HL
Osborn (15)F 9 93t deiz @yo]l we} AgPsdon, wgA(BG0 mM
Tris.Cl, pH 7.5; 0.28 mM NADH; 0.2 mM dithiothreitol; @A ¥} )& ¥
g8 #4 sAdo] o8 NADHY 2HE £%% FHE 340 nm, 25°ColA
ZA st

A}, beta-lactamase

Beta-lactamase™ E. coliol A periplasmic-membrane protein &2 4#
A o, B dgdME cell frationation A d oA periplasmic-membrane A &
o F3 34 AAEEHJY. 4284 542 Chalmers 5 (17)0] AFE3 Wyl
e AR en wkgd Lo (100 mM Kpi, pH 7.0, 05 mg/ml sodium
penicillin G; @A <) E3hd FA FAdo] 4T penicillin GO B HE
22 & F3% 240 nm, 25°ColA ZAHsAch g HFL ovalbuming E
FAB 2 89 Al#F< Bio-Rad protein assay kit(Bio-Rad, USA)Z A3
o &4 2EFE £ Y8 SDS-PAGEE  Laemnli %ol o3t Pst
AH(18).
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2. 784 fructan dFAI7I¢ AL 2 443}
7h ARk agAle] £ 2 A

At aetale] #de st AZRYF E coli¥ mid-exponential
stagedl (A600 = 0.8-0.9) #7153 IPTG (ImM)ol 23t9 inducibled}Al & ¥4y
AGA FAAE B3t 53], o] plasmide &4 FAA FHIAHH AR
tEOE I E ANt A AT £ Y= F CLddl 6x His tags #E
£ dAAY. AERF 455 30°C, pH7 A 2,000 ml E&23E A3t
FARen, olm wj=]el= MIZBH A (0.7g¢ NHACL, 2g KH2PO4, 4g Na2HPO4,
27g glucose, 17g tryptone, 3.3g NaCl, 2ml of 1M MgS04, per litre)7} AF&5 L
=2

1. HPLCH

Fh WEAE 045 pl Aoz Ay g, oA 20 uE
HPLC(System Gold, ®1aWAL AF)ol FYstAct #AF 4 &
column 27§ (4,000, 1,000; Polymer Laboratories, USA)E A ZZ dF3o, F
F5E 04 mVEY £52 THFUA, F4 & (refractive index)ol| 3 H &3t
Aoh(19). A% 242 93 standardsEH, dextran standards (1,800K, 750K,
170K, 40K)®} Polyethylene oxide standards (8,000K, 5000K)E 1% TE% &

o %1% ALga

o w4y

FAFZY (cell free extract)S FH 7] ste] wdde dAEL S
o HAE #AE ohA 50 mM Kpi (pH7.0) 300 ml& AHE3te] 23] A& F &
J gEgdd sl w4 dgde 283 (sonication)o] 2late] T
3 9AEY (10,000g, 308, 4°0)2 d5ds FAgoz oy 4 BHS
€ Laemmi 3 (18)°] wgl SDS-PAGE (10%)Z 243U g dsEE
BSAE HEFEZA R AME89 Bradford Wy oz BAHG 3 A4 600

nmoll X FJEE FAs 2AHAT

- 923 -



g}, Fructan o) =AA

NZ2F E coli & 50 mg/L ampicillin® 353 LB AANA 37C, 150
pm A0 E AGufFrldA 10A3F A e ek H wsFAE 500 mL
baffled flask®l ¥H% < 150 miel 2%(v/v) AE& ¥ 33C, 150 rpmZEH o2 v
FH dax WY 5 gy $ARKF-5L, dFLENE A8, =
d&F 3 A", A widd 2% HEFAGLoH FUiE 1 vwmlE FHEU
P& T 300 rpm, pHE 2N HCIF 28% NH OHZ 69~708H 2 FAXAMHA
. Antiform(Sigma, USA)-E Z7]o] ¢ 50 pl/1Z #H7Mste] AFZAS GA A
Aow, dad e WY F glycined H7Hs A

oh. 8744 fructan EF Aol AW R EF A WS vA e G @I

AT (FEHA A7 - AdFdga)
D d72A R R 712

2 AFo)] ALLE 84 fructan AolE 84 fructan (6%)9F gum
base, syrup, xylitol, isomalt, flavors 522 (95%) TAEUT. 749 A8+

FE AN FEE5 o3F AA 59 7304 A HAe 3 AP daw
< dAste] YFsto] wjFg AXIALATG FH, dx2d AHET Aede YA
AT Z2ANA 84 fructan (Aol F 100%) AEE maltodextrin (A o] 4
f 100%)o.2 A3 AFS AZ3d AL

B AFgE AAAE st Mg, A7 Age AFste dY 208
2 gto] sFo SR FA & 10¢2S AEEESE 1& $ AFE AAEA
om 2709z BE AAY A¥FARE 159 I 21E Tt #ds
gdou A AAAESE sty sFste Ad AGAA Fole AAS
Fate] Had 12417 o)A FEAHE I, APF AsE 1000 g
A 1083 dAREE & AHe BYste BAE gzt 80°C oM EEsAT

2) AAzAd 54 2 AERA

Hlers 7= BMI (body mass index; BMI=#%(kg)/A % (m)HE o
g3l 3, wiwts #HrtE 9t s, sgEF 9 ®l(waist hip ratio,

WHR), 259 (triceps skinfold)el HstA% FAE FA{A o0, JaH=Ed
3

(mid-arm circumference, MAC)Z caliperg ©]& 3}
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FHoz ALSAT. AlHH AL 247 AW ol gagon, BAF)
g HEAE 71EEE A FAF R, FAHY 2o EFE AFAR
B33 HAFL 7)1E3EE o AYE 19 4% 2 Ida AAFES F9¥7
Z2 33 (Can-Pro, Computer Aided Nutritional Analysis Program for
Professionals, #3995 ¥4 FIHuADOZ 24 AEFYT. AR
B AR, A FEFE AR A7) ¥ (Bioelectrical impedance analysis:
BIA®)S o] &% Xﬂx] w 247191 MESMED (MESMED system Co. Ltd)& At
4ot AU

3 8% A2 24

12 A AE] FES FA8HA & F Ao 5 mig AP &
Aol serume st glucosed AT Serum el F Zd2HE
2 HDL E#2HE, 4229 2L Sigma Chemical A} (St. Louis. MO)9|
Kitg o] &3t 2R34T A leptin ¥ =+ Linco Leptin Assay Kit (Linco
research Immunoassay, St. Charles, MO)E& o] &3t ¥apd Ad5E 433
t}, F lipoprotein lipase ZAZH & otej ot Zo] A3 ATh 712 S triolein
o lecithin® glycerol¥ 7}8le homogenization sted WEU 2B, 71 20%
albumin  solution (pH 8.1)% 0.7M Tris.Hcl buferr (pH 8.1)& 7}3l« assay
mixtures BEUY. &AL assay mixturedt S Aol 37°C oA 1A%
BhS %o kitE o] 839 ACS-ACOD o Zfree fatty acid 84& ZA3AH.

=)

4) FAA

2E g B Ay Py ITEFHEAZ JERRIL, Statistical
Analysis System (SAS) program& ©]&3to] analysis of variance (ANOVA)
2Ag £ 2 A8 9 HolE p = 005 FFAAM FHE HFAAL, T
ARoew goAo] glE AiE Al Duncan’s multiple range testS A3t
B gtel &olE ASsATH
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3. 784 fructan FAY7IE AL 2 FAS} (FEHA AT AFYR)

T84 fructan®] AAFE 5t} WHFFEL o83t FY LEA o
2B, LS AY, d98Hd F4F BT &%, 54 2 dHAdd B
d AEE 58 84 fructand AALHRL2EH, ZH2HE 24, A33E
AT A5ER 2958 syt
ZH1A A Fructand A AW A 255 A9

2 A7 = 3% Sprague-Dawley & £33 dFE F Fo2 YU¥F
of A Aol mAL HolFg FU AF Hole AL AolFL AIN

) = HolF&
T6A Hol2 Aol F Il 117%E AWoR FFaFn, AW AojF& A
W BYOE beef tallowd AbE3te] F o 40%E Ao o
3tk (Table 1)

AY TE 453 3 1073744 65 F4
2t FEERE, 10FBFE 453 FY dolg Ay Aolo +84 fructanS
Zkzh 2o] RA S 0%, 1%, 5%, 10% & T3 4o)Z
o 3%& #FIAY. 84 fructang FHEA F-& HolE I
dEzTo2 §Qu, F84 fructan TF AHolE FEFLL ¥ FE&A fructan
g wet 42 1% 84 fructan, 5% F&A fructand, 10% FE£4
fructanT@ 0.2 333t

1) Alg+3

HAIEFES 1657% st ddx ArE AFsA 2T =3
(interscapular brown adipose tissue), %318 X¥H(epididymal fat), W3 A%
(visceral fat), 5% X|¥H(peritoneal fat)g& ¥&3ld FEFE FAHIIL, &8 =
Al A AAE FASAGY. A4S A A heart puncture o2 AHT ¥
3000 rpmolAl 15%3F FAFEE Y S ddon ofF AgEe &4 A7A
-70Co| A B34
2) A AE 27 34

16 F#He 49 T2 UWFAY 2F & At AW AEY 2715 FAE
Aok WARY 24 05g2 #dte 3% Bovine serum albumin(BSA)E 33

°

145mmol/L NaCl-buffer® A& g & AL 2Zto 2 B F collagenase(Sigma
C-2139) 15mgs 53k NaCl-buffer 1.0mlE H7Veted 37Tl A 1A1ZE S W
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A&dct 1 ¥ 450um nylon mesh® o 7sle 2oz Ead 9 AX
g 93 5mM E£X5%E §H3F NaCl-buffer2 2¥% Aok AFd *
NaCl-buffer 1.0mlg H7I8t9 F&o°] EAY AAE0F(Olympus CK2)22 A
WoAxe AVE BANAY. 74 =i} 307 A2 AR L FHedq HI S
T3t

3) ¥4 A 24
gﬁ = ﬁgﬂ)\gﬂi 2 HDL iaﬂ

2H e} ¥ %2 Sigma Chemical
Ab (St. Louis. MO)4] kit ol &3to A

H &,

74
3F AT

4) 8% leptin 2 insulin & ¥4
A leptin %+ Linco Leptin Assay Kit (Linco research Immunoassay,

St. Charles, MO)E o]-&3to] ALY HEFE &AH3RNI, insulin FE=< rat
insulin standard (Linco, St. Louis, MO)E o]&3&} o ‘”*P“ d9 5SS F43A
o}

5) Uncoupling protein m-RNA £4

Reverse Transcrpitase Polymerase Chain Reaction(RT-PCR)& ©]-&3}4
Uncoupling protein (UCP)9] wa%g At a8z A UCPL, 2
mRNA 28 ZF2 23393, BAaxgzo BAE s ¥ APz
UCP2 mRNA 2@8%& F33 3t

AHEZo|a] B 2FOZHE Trizol reagent (Gibco 15596-026)& ©l&
349 RNAS E25l2 spectrophotometer® o}-&3te] AFsiArt. 2d T
RNAZRE 9] cDNAE §4< 918t 2 pge] RNAE 70ColA 523 @A
E 4TA 53 %< wAsEtm ofr)d M-MLV{(Promega MI1705) 200 U,
dNTP(each 25 mM) mix 2 ul, RNasin(Promega N2111) 40 U, oligo (dT)
primer (Promega C1101) 1 ul & £%3% ¥ DEPC-water® 25 pl& %50} 42T
1213k, 75T 30% =ZstelA cDNAS sl

#49 cDNAZFE UCPY #d#& 437 913te] primer& Al #stalx
house keeping geneS ¥ B-acting o] &&rh Ao AHE&F  primert
product size¥ t&# zth UCPI sense 5'-TAC CCA CAT CAG GCA ACA
G-3', antisense 5'-TCA TTG CAC AGC TGG GTA C-3', (product size 842
bp), UCP2 sense 5-ACA GCA GCC TGT ATT GCA G-3’, antisense
5-TTG TAG GCT TCG ACA GTG C-3', (product size 428 bp).

sAz ST A7) 9% PCR #1& &3 #oh Tag polymerase
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(TaKaRa Tag R0O01A) 0.125 ul, IOXPCR buffer 25 ul, dNTP mix 2 pl, primer,
sample, FTHTE 25 NE 9E F 94T 3%, 94T 30&, 60T 18, 72T 1% 30

%, 303 REEI F 94T 30%, 60C 1%, 72T 10%, 13 PCRE 3dh. PCR 4
&2 15% agaroseol A 80 V sl A7) d%se a3 £ 10 ug/mle EtBr
AA 308 F ML FHFFANA 16E T @M transilluminatorol] A
T2

6) & A A

BEE BAEME SAS program2 ol &£3td 3 F(mean)+EF 2 A (standard
error, SE)2 FA{T. 7+ A 729 AolE one-way ANOVAS 9fdto] 3
7 3t3, Duncan's multiple range test& A8t a=0.05 T&4A FAHES 4

e

Y. 23 d 5 Fructan® 0| 2 - E5J 86 A3

D AEEES AHS 2 4o
Sprague-Dawley & <43 ##HE& dwAtg s THTEA 4FY 87 A
$A %, AT 250-300go] HAJE @ P E(ovariectomy)S Al Bt
Z+7Zt Sham#, OVX T, OVX-levan? &8 BEF3 T levand A 2 o] 2o
10%E &dsta Aol FF3tUth

2) FHEF #
sU35e FEa7) dstel $ES AT ¥ $59 Y& AR F A
@ F dag % noge Ag

operation)2 Al R
A7 e AdFEAolE FHIA

3) Al 2 A

(1) AF5FA
dadE A4 dadE F APTEAAA 15 dAAE AEstl
A5
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2) 45 4 FFA 3

AFE71Zbe] Bt AP EES v A F s gAE AHsy FF A
7l(small intestine, cecum, large intestine)9} A&, dE & AFsFA. A
AT RS A2 4 308 = AT b 3000rpmA A 1580 44 £
2] WHL AL T -70C N BERT 89T, G AH AF T, A
2, u3E Egstd A Ad5E A¥sin 4HAZ 2718 AAR A F

A2 A F -70C o YERH 3349

(3) pH &4
el pHE Fisher Scientific Accumet 1001 pH meterE ©]&3td &A%t

(4)

5)

(6)

Short chain fatty acids 3% &3
cecal® colonic W2 SCFAE Hewelett-Packard (Wilmington, DE, USA)
5890A series II gas chromatography (GC)E o]&3le &A% th

q3 5 grE 23

& A ZFalkaline phosphatase(ALP)S] B4 % &AL 93 AlFoz2E AF
A714 ALP 3% A9 (Bio clinical system corporation), 8% % §7]
£ 2 Phpsphorus Kit (Bio clinical system corporation), 83 % #g
AL Calcium Kit (Bio clinical system corporation)E AF&3tH i 7171

BECKMEN DU530& AH&-3t31 &

ir de o Mo

—

ZHo] o]84 ¥ Bone mineral densitometer: pQCT ¥2¢l XC
Research SA (German)olth. 2 FES A&slr] g ZEHES AAs
o mAM(Bouin’s solution). 2 °F 2A17F 1A F Decalcifications 71 A
Trichrome ¥4< A& F F3dv4(OLYMPUS BX 60)e2 #H7Z3 %
#9e AArsAH.

™

= EARAES SAS programg o]&3 o 7 (mean)* EF A (standard
error, SE)2 EA59th 7+ A8 T7H9) Aol one-way ANOVAC 0} 3l o
AA 3+, Duncan's multiple range test® AA3te] a=0.05 FFANA F94

& AFsAn
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o, 339 % :Fructan® ¢tA A A Y

D AREE A% 2 Ho)
SEY GE AN ol7h 1961 AHo) HE AEL AL AL A
F& BT skgHe AE 00HIE ALHYT AE HAARS) F§4 z
de Wbt AFZ/Ed HolHABY WHE BIS AR 8T8
RS

3

2) HepG2 A E wj<

HepGZ2 AXE 10% FBS, 01 mg/mL penicillin-G, 001 mg/mL
streptomycing 5% DMEM 7|Eu]RE o]&3to] 370C, 5% CO2, 95%
719 22384 3cm falcon dish2 Agol AFE AEF7F H7|7HA <
179z wjdeta olw wiAlw 2-3Uol A wafFAct. AFPMA A
A EE 90X15 mm petridishell 2x106 7% HEFstd A EA Aol wjdr] 3H
9] 70-80%AEHNES W DMEMSZ AEE 2-33 HoF: v X E
H7rsteqd 498 sk

3) Cytotoxicity

A X gt cytotoxicityE &332l Y8ty MTT assays 3t

Wt MM wAS AAT F PBSE AHU/IEE 719 A A& F PBSE
AA F F 025% trypsin-EDTAE #7138t} 370C ohA6E7E witste A
X7} culture disholl A A &A EE}AEA &G £ culture WHAE A
7bstal & e F HEFE 1X106 cells/mLzE A3t Ao A& h
ok MG g2 g4 ¥4 membrane filter2 A 7Ag ¥ AE3}
Attt 96well microtiter plateo] FH|E AEE BFd T UM 0TS F
7t e #37 ARE 2ul¥ welld H7FE F 370C, 5% CO2, 9% ¥719]
Z 74 3}l A 48417k uj F gk}, Hl &
MTTI(3-4,5~dimethylthiazol-2yl)-2,5-diphenyl tetra zolium bromide (0.5
mg/mL)] & 4-820uLy 7t wellol] 748531 thAl 4A1F o wf gt wi S
g 24287 aspirator® A5 HS AAT thg DMSO 200uls #7keto
A€ dark blue formazan Z#AE &3 AAH microplate reader (Bio Rad

Y

Co., Hercules, CA, USA)Z 540nmoiA S3FEE SAHFT F cytotoxicity %
E Falo] A JA g7 ARZ stdth
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Cytotoxicity (%) = ~———=————m——m e X 100

4) A X9 Triglyceride 5% &34
AEE AE3 Hxe FFEE ImM oleate, 0.2% BSA, glucose
45 mg/mLE &#F wix=z ke FFFE 1, 10, 50, 100ug/mL HEF
X o] H7tate] 6A1ZF D 24A17F wiokdt A XY AE A G 5o AE
#Hgde] XA FFES AW FAH(Wako Junyaku, Osaka, Japan)2.Z
el e =)

5 AW Atz o} euke] FYgA T A

(1) &

Z47vE A2 (Vaccum oven method)S o] &3] A4 EHE A
gt RS HUAF Y 1S Pog XY A8 Flo ¥ 4tst
U 82 4g 5 e wHod. 1052 FFS 7 FAFEA NEE H
ol XNFAY FA4L va IF¥FFZe 74¢H o, AE Agnx, g, A
FS HEoldtd gFE FIAT
(A%

ez FEFYPoz MG 22 Eﬂﬁ’}?% duk Al® 2710gS gt
e Ao g FA Yol eAEE 7 Haled ol HAFF &1l
ol 10071059 AZR7IANA  273A 3 ﬁfﬁfi} % dessicatoroll A 48]
Soxhlet =& #A 82 ¥, Yz7E du &3 £ dFAAAE ¥

AMEZ AL thA dZNE BF 238 d4std 8 FAA etherd

gA3s ZHAZ F 9871009 AFx7|e) ol o 1A dFe] E wiA A
2% & dessicatoroll A A8l H It 2ATY F oS Aol wet

ul
W1 22 223500 dxAz v 2% FA@)



(3)= 9 A (crude protein)
29N A L Kjeldahl 23| FA & o] &3] Algo] g ik R}
AE 7Het] 7bE Easian AaE FALGEFA FYo ddEE s}etd
ammoniaZ LA o|AE 71 FFAM A F] A FEAHA osta] A
S sted A4S dRYel ¢ 9t FaHus #HYgo e dBIEF
do g FAFstd A A2xFL Fad

@We53g
AAF) g wet 1 AHF(1Be) e Aske] 50% ol L2050
mR% et} HoM FEG AYLOT & F AYEART iR Ao
2 @ @ 3 g3 174% A5 AP A L uze o
20518 vholAzH R Ex fRABS Aol oRxo] An AL
At AAE @k wAde gEUcgIye s RPE g
100710594 571087 7bgstel AN F olEe] FF Righ =9 W
ol e

(Y EIE

A @& z}zho 6091 5% e 226mE 73l ety A g%
Hof GFHEL 4118 F £ HEoA 1A A ste] AAA AT st
B P B A I o I —’ﬁﬂ*o}ﬂ old] 6255 Wit dwFAFo2
a5, E® O 3o o1y #ZALE 52504 5A1F A F 3ER
Ttk AAE AT FAGE gt thF Aol st Aol f{o T
T3t

AOJ A FH %) = e X 100

o=
of o &
Moo 4
ot oft
=}
=
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6) A=l A

AE] YR e Atwater A5 E AHEstd AA 100gFe] 2B, 3
% 2 BEsE £ 2dY S wald 4 AL 9, 9 49 AS5E F
o Z3Z+e] MR E Keal 992 AZsxn 1 FA2 Jegdd 99& KJ2
T 3e=d 84 1Kcal = 4.184K] o] W&t}

(D) etvl =it 2 5713 B4

At 2 dRiatgd $iE obredt FEI 1A HRE HFTA
o uZ Wy 93ty AHRE AT oprixAte HPLC(AccQ-Tag)
analysisell 93t} 2489t F7]2& Na, Ca, Fe, P, Zn, K& V| ZHER
Aol 989 Spectrophotometer® @33 HlElR C, E, Wleztzd

HlERIA G Yol ol sto] A Fe ot
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Al 24 A7 =9 A3
L 484 fructan B4 B49 WFPWE A2

T84 fructan 1 F 4 A3t F8A fructan A T FA
28] F2Y, fructan A AL A ES A 349 diEAM 2 AAVE A
4 GAEARN ZA 2 ZAANSFAS ALt Aulee ZAANE 98k,
B2 AARAE Do A7 A Fx2AY (glycine H7F 5) HAH s}
3 ¥ (permeabilized whole—cellsell ¢ batch 2 semi-batch ¥ %)d] W&
AN HA 5 S dAsAt

7F. 84 fructan FAAY F2Y

7149 M3FE F8A4 fructano @ HAFANIIE 2L NEEAS
£ levansucrase f-HxE ofele} Z& dyoz FRIPY, AFEALE o]
gty 84 fructan FAAIE AdE 2EAHE ARsATH. 84 fructan
F Azt e%9 primerg o]43td, PCRYd 93te FZ ¥ DNAE 2t
Agarose gelolA 349 DNA 9¥$ pT7 WEHE F24Y3x AHE AAH S
&34, hybrid plasmid® Qth Az EFdov=E ATESY AfIS
Miyle 2 Aase o, Y93l =719 DNA HHAEC] FAHNLH, A9 F
AMFELE AP DNAE insert DNAZ, Neo/Mllo 2 Ad DNAE
vector DNAZ *}%5}04 hybrid plasmid DNAZ {9o (Fig. ). Ax2% 43
Foll ﬁilf}sl lqu FAAE #gedsr] 9std EE}*DI‘:—E— FET 7

o
e d¥dE FAstr] s SDS—PAGE/‘JOﬂH panL i B_E%— 4

B e =7l FYE BEAFS i waEd w=rsh deEdg £,
sucrose® 7]AZ o] 48 sucrose hydrolysis £4¢ 383 A, L4dd o
Ase TAL FAgPey, E4B4HE vade Table 1] YERRAS o
Aol AAo] mid-log phasedl =€3t7] 7tAE 7o @do] HA Lrhr}, late
log phaseollA] early stationary phaseo] o}Zi& 7]zbg¢tel 2do] Utk ¥
9 guwge wokAZ 10-16 AAA EE activedt FEHE oAt
(Fig. 2). %89 levansucrase® A4 @A "50% o402 F5d
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Fig. 1. Expression vector used for fructan production
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Table 1. Comparison of fructan production activity in various expression

systems
Strains and vectors gene source Tem Enzyme activity
(°C) (U/ml of broth)
E. coli/pBluescripKS  without levansucrase gene 37 0
E. coli/pRZ4 Z. mobilis 37 8
E. coli/pRLICP R. aquatilis 37 75
E. coli/pLK1 P. aurantiaca 37 110

- 36 ~



100}

108 |

Viable cells (CFU/mI)

* Addition of 10% sucrose

107

0 2 4 6 8 10
Time (h)

Fig. 2. Effect of IsrA expression in E. coli on the viability of cells. 10%
(w/v) sucrose was added to the cultures at the exponential phase of growth
(indicated by arrow sign). Symbols: circle, E. coli/pBluescript II KS(+)
square, E. coli/pRLICP; open symbols, no sucrose addition; closed symbols,

sucrose addition.
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2. 9 A levansucrase A9 localization 79 2 2u], JA 7)&/pY

WS AxFe g8 s 4 F7Al9 Dd(inner membrane,
outer membrane) &J3te] FHEEHo dov2 diFde] GWMHL ojgef o) 5
7}A 9] extracellular-, outermembrane-associated-, periplasmic-located-, inner
membrane -associated-, cytoplasmic-loacted protein.2 TFEEo] Z}20).
Yk FAE FAJA P8 giFTy G Fur)ge =go] ¢l
°]& innermembraned T3 = givtn 4w A ok E coli (pPRLICP)E
F 5, A e THAE olEsld FLBAHE F4 A, o BH%
gt AeAle] g4o] #EEHGew, olfF ZAYME B-lactamase®} NADH
oxidase® A& 27io] HA &gt} (Table 2). F, olgig Axe LAl 4
ghapAetAl o] aAgAgol FAY Fao] oA Yehd Rof ol dAl9 ¢
FAEG A" TAEAF 9siA dEte g Aedrt

Table 2. Detection of cell surface-located levansucrase activities by using
whole—cells of E. coli/pBluescriptKS and E. coli/pRLICP.

Levansucrase activity

Strain Whole-cell Total
(U/ml) (U/ml)
E. coli/pBluescripKS N.D. N.D.
E. coli/pRLICP 25 78
ND: not detected; Total: sum of extra- and intracellular levansucrase activities.

Cells were harvested after 16 h of cultivation.
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7h 289 dntgraetA el E coli) A 9 localization

HetsrastAe F9  9EH3 Jocalizationd YU FTAE
fractionations 3tA ™ (A EWY Fx) FAE mid-stationary phaseZtA] (&
APAA AR wjdzdoE of 24X 29 v FAe] FEdehH s EAY
A$ol= oF 98% olAte dutgraEtA] Aol #FAd EAste RoFZ FHUH
AG. ole A TN LHE R aquatilis AR etA7 FAges A3
FHo] HAE FEde A& BAF Aol (21). ol w3y, F-Eo T
B4 AEXTE (o 49%)3 HPEFP2ay AFola (48%)NAM LHHUT
(Table 3, Fig. 3). olgl& Ax:, ojrlx FHFo Fart 2 Ao 2HH
o2, Bl #HE Azdo] FRIA LA RN vidddn 54
=3
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Table 3. Localization of three enzymes expressed in E. coli DH5a/pRLICP
and E. coli DH5a/pBluescript II KS(+) 2

. % % NADH
% Protein % B-lactamase .
. Levansucrase . oxidase
concentration . activity .
activity activity

E. coli DH5a/pRL1CP

CB 7.120.8 2014 19.840.8 0
Periplasm 32.2¢2.1 477437 656435 0.6+0.3
Cytoplasm 50.6+2.7 48666 11.0+10.2 27.0+145

CM/OM 9.0+2.4 6.946.6 2.9+1.1 725+14.7

E. coli DHb5a/pBluescript 11 KS(+)

CB 8.6%19 0 9.1#4.0 0

Periplasm 9.9+£05 0 90.1+3.1 0
Cytoplasm 729205 0 0.3+0.3 7.9%2.6
CM/OM 9.0x1.2 0 0.320.3 92.1+#26

*Numbers given in Table represent the relative percentage values of each sample and
are the mean=SE.
Abbreviations: CB, culture broth; CM/OM, mixture of outmembrane- and cytoplasmic

membrane-bound fraction.
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Kw 123 45678
A0 m

levamaae

Fig. 3. SDS-PAGE analysis of levansucrase produced in E. coli/pRLICP.
Protein standards are indicated on the left. Lane 2, extracellular culture fluids;
lane 3, extracellular culture fluids after washing with buffer A and following
centrifugation; lane 4, total cell fraction from E. coli/pRLICP; lane 5,
periplasm fraction; lane 6, cytoplasm fraction; lane 7, cytoplasmic

membrane-bound fraction; lane 8, total cell fraction from E. coli/pBluescript H

KS(+)
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Y) Glycine 7l @& FA9 A3 gygraeta AA

Az dgdold 2dE g2 E coli(pRLICP)7E 43 5
glEetay o)zt Z Bu7t doe A& BAFT opnxibdl Fito
Ae A WA Arbsho, HwkrasiAe A Euld nxe JF¥S
Ao Sehol e wiA R HIA MEY dwde BuE FAI L, F

¥ =8 2HEA Hd dHSetan Aoz EXste ayd g MY
Moz BEulAlzlt (22-24). oldl g Wie] dutsragtAlel #uldl o] &5t
BRad d7dszs, A Hrigd Zeeldl R wabA sEean »
Hojxol EaAjste dWiFe] FujFo] Frtsh, AdiHez FAH 4 £
FFE T Aoz LA vk "M, 2ol BEE 2%((w/v) 7tA 28
g R A whdE T A wiFAzt] et NgE AR AxG TA
of %, ddsagAe A4 £9ld dsteg 243t 2ol F& O,
0.5, 1, 2%°0A FHE wigFsH o (Table 4). 05% Zetolal sz Ee TH
o] Aol Ao AsE LA gsirh AW, Fgold FE 2% e FA
dgo] AzsA As|H oA, lag-phase’t Aol oH, AX HFHEEE F
Zasoe]l Sgolale] gl wMiAe v, oF 0% HE AHSET A
HAtk ol2jd Setolddel o AT Hiae AEH] Tl YA
= FFgE Tt

oA

o
>

==

T AN BAHHE levansucrase? beta-lactamase®] T#F FEI &
FrY Foldl (0-1%)A e & W3l glley, 2% 2golil FrdAe
0% ol #Aastdnt. olgld AdE 2% FEholal FERAAE AT FE
A AR EgelA ZlQEdn AR"g. ol AFeA £ o, FEtoldl
Aol g Az AxE A7) YstdME, 2ol FEE 1%°]%=
gxojol dAntE AL ¢ 4 UAY (Table 5, 6). Fetolalo]l e HAAA
Aag gANME 1247k vk Fo| 745 U/ml of brothe] #y¥brasAl &
e AHoz Zisgr, 15A7 Tl FASA E84Y . aggregate
(inclusion body)E @A sttt olo wate], Zeholile] F= 056%A A3
FAANAE 2840 15A7 o) Fox &Ae) FAL FAHAUDG WA 2
gholAl Hrto] wE = B Zde 3 s

A HEEE levansucrase
o] inclusion body BAAI7IE £50 Fudes AS BAgFH
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Table 4. Effect of glycine supplement on cell growth of E. coli/pRLICP 2

Optical density at 600 nm

% of glycine 6 h 9h 12 h 24 h
0 2.0 29 4.0 5.1
05 19 28 3.8 45
10 12 2.3 2.4 24
20 0.2 0.2 0.2 05

*Numbers given in Table represent the optical density values of each sample at 600

nm in incubation.
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Table 5. Effect of glycine supplement on f-lactamase production and
secretion in E. coli/pRLICP.

% of Total P-lactamase Extracellular B-lactamase
glycine (U/ml of culture broth)® (U/ml of culture broth)
6 h 9h 12 h 24 h 6 h 9 h 12 h 24 h
0 2.3 8.1 14.2 144 0.7 0.6 25 0.8
0.5 2.0 5.2 115 142 N.D° 15 49 8.0
1.0 13 48 11.3 12.8 N.D. 3.3 99 10.7
2.0 29 4.3 8.8 52 N.D. 0.8 05 0.7

*Total: sum of extra- and intracellular B-lactamase activities.
"N.D.: not detected.
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Table 6. Effect of glycine supplement
secretion in E. coli/pRLICP.

on levansucrase production and

% of Total levansucrase
glycine (U/ml of culture broth)®

Extracellular levansucrase
(U/ml of culture broth)

6 h 9h 12h 24 h

6 h 9h 12 h 24 h

0 9.3 405 745 66.6
05 7.3 38.8 68.4 1153
1.0 11.7 458 89.7 62.0
2.0 76 9.3 11.2 251

0.8 25 18 1.1
N.D" 03 17 21.3
08 2.7 18 30
2.0 26 4.1 106

*Total: sum of extra- and intracellular levansucrase activities.

°N.D.. not detected.
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WA Bdse JYFHAAt did e Ao dF-Eo] cytoplasm
25 Aol gutyd Aol B APdAe wHEA HtgIa Azt
periplasm©. 2 Th%F BEu|EgiEd], ol FAWeZ &3] excretiondtr] 3t
ol NS H7laith (Table 6). SeHolAlol AAR wixolA B3
s i‘%ﬂ"ﬂ’ﬂ‘. FA Y wgdo e dutgraziAe o] wuEdY. =T
olAlo] H7tg wixolq AFEd FANME Feold Fx FUtel M £
HEE 22848 Fotsded, 2o 55 05%A dAETLEF ] 20%
b Balgqnt o] d Fdolal FEME cytoplasmic membraned] F&2 &
A5t NADH oxidased] @X4o] A9 wAHA ggtong, Ruld g47t 7
Ao HAeM 712AHE FHol ol periplasmol] EAE &l EulolA
s1elsttdn Alg gt ol ¥EE 2% F7IAIFIA HW, dFEe
levansucrase &4 o] FA|utol A BAF oY, NADH oxidased] &4 =3 &
A" Qo SDS-PAGEZ 2Ad Ao mp2W, excretiond @ ZE 9] profile
o FAWAAN EAse @WA profiled A9 FAFSATH Sl A7
= a2 A F peptidoglycan A GFS Foid MNEY Fxo WIS
obrlaA ded, ¥ Zoold FE (A8 U 2%)clAE AERe Tz}
AU A &450] cytoplasmic membrane7tA W& H 1 webA cytoplasmel
ZAstE guA Bo] §E5HE Aoz Agdr AEAoR g A A
o] aaoZ WEstd WAY levansucrase] FA R oS HHA,
05-1%9 ZetolA L wixle] Hrlsle Aol Aatd ddtmaziAe E¥E =

g 234 AE FAE )& T84 Eee A

uigasAE A gues oyl He wite, T FUAE
o AA7)E, oF 36%9 2ol TABEHANM 2 YA =
s2Be FAWFNA vednt gy FAE 4des IR o857
= fgo womz FAM I FL opHMESLE HYstq FA L ALH
274 GANATHE). 398 sEdAE, ofHER HmA EFA A
=3
ks

A7t e T (Table 7). 39 ¥ 5 1-10% (vol/volol A A

we
38 mgong £7d v 1%8 AHAA
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Table 7. Optimization of the permeabilization of whole—cells of E. coli using
permeabilizing agents.

Methods Relative levan formation activity (%)

Untreated cell 35

Toluene-permeabilized cell
(toluene: cell = 1:100, vol/vol) 87

Toluene-permeabilized cell
(toluene: cell = 1:10, vol/vol) 100

Acetone-permeabilized cell
(toluene: cell = 1:10, vol/vol) 29
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7 AzY FA £84 FH0 440 U 28 JPL 2AT 23}
53 mas o fAsA 3rCAM HUBHe wgth BA 9 =
A% A B DAAE 7 AAD FA A WEE 20-3°C AHE
LR IEL EL

A2 AMESE MBS 10%9 A 484179 wHg Zo) TR o

2 Mol E3l

5101 T84 Egeozr dgHJen, F44 THgoE A¥He &2
€ HEUAT 22 2xdME dE8EL dgey ZAF] & 864 F
@r%" AT gbdoel, a4 WE 2=V AT 3% e FUMEHALY,

S
Aol ZFolE 44 F2ee A4 AT (Table 4, 5).
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—#— 4°C, levan
—0— 4°C, sucrose
—@— 20°C, levan
—O— 20°C, sucrose
—&— 37°C, levan
—— 37°C, sucrose

(o]

.S

N

% (w/v) of levan and sucrose

o

Fig. 4. Time profiles of sugar comsumption of toluene-permeabilized
whole—cells of E  coli/bRLICP in a batch fermentation at various
temperatures. For the reaction, 100 1l of permeabilized cells were added to 1

ml of 50 mM phosphate buffer (pH 6) containing 10% sucrose.
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1121.46F v T v
(mv) 3

753.90f

386.35}

18.80 A; —— N X

0.00 17.48 3497 §2.45 69.93 (%)

Fig. 5. Typical HPLC chromatograms of enzymatic products using
toluene-permeabilized whole cells incubated with 10% sucrose in -1 ml of 50
mM phosphate buffer (pH 6), at 4°C (a), 20°C (b), 37°C (¢). HPLC analyses
were performed using two successive GPC columns with water as a mobile
phase at 0.4 ml/min. 1, high molecular weight levan, 2, low molecular weight

levan; 3, mixture of sucrose, glucose and fructose.
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D 84 E9a9 A3 ML

FEgxgere AAS Yt ahE
st (Fig. 6, 7). 7142 10% M3
£33 Bgoz EIstdA A A4 T UAE AHE3tS

d&H oz FENEo] NYHo] 84 FHEe MY} AH (Fig. 8).
B& 66%(HF7IEANAoT, N1-A FxI FUHEFE F4EA
(Table 8). BAdSol $a5¢ vl nrwe Ixgdy ygungdoez Ax
7b oERen, =28 237 939 ultrafiltration systemeS F 3t AEAFH
F& AANARLY 22y o] =tololF ALEdtY FRETFE 3% olste ¥
Az AFE A} (Fig. 8).

TE ZAAANE o8 A
2 ArAlel Tawgd o3

Ae 27}
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Sucrose | Raquatilis | Centrifuge
medium | — | Fementatio —
o
Paurantiaca
Fructan Powder | < PY"9 | Fructan Soution
Byprodicts

Fructan Sad’n |

Cells

Uttra Filtration

Fig. 6. Fermentation process for the production of soluble fructan
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Recombinant| Fermentation | Cells
Ecoi |-
Purificati Crudeenzyme | Sonication
—| Levansucrase 4——-—°—rr < Contrifuge
Cell debris
<4—Sucrose SolI'n
Enzyme Fructan Sol'n Spray
— . Uttra > -l % | Fructan Powder
Reaction | fiitration Byproducts|  DYing

Fig. 7. Enzymatic process for the production of soluble fructan
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Table 8. Production of soluble fructan from 10% sucrose solution by the
enzymatic process

Conversion efficiency (fuctose basis) 65%
Glucose (%) 40

Fructose (%) 15

Sucrose (%) 4

Oligomers (%) 9

Fructan (%) 32
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Fig. 8. Soluble fructan powder produced by the enzymatic process
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2) #8444 Eg99 4 ¢ R 54

F7 o] 1%A NgE FuH /7)1 05%2 A Al7Hd
2 autoclavedl X 7t} 7tE Wy o shedE AlHTh st A8 A
Tl we Ak #d9F 2 99 #3S DNSH % anthrone o &
gatAch A FRe weEd sEAdEEE] st 2t ggien,
oxalic acid, HCl9l 9% 7t4#3 &3+ FAgkov, HoSO.0 95 7teEs &
#7F =% (Fig. 9). 121TAA 108 <)% 7tEAde Egade stradfsol
BT fructose HYEE % 4 UAT (Fig. 10). 05M $2+& 95T 3-4 2
ZHAGE F 3R AA AA FFAH AHE 29n 99E vud v A
FAdAN Mg e BdFe] Us stEast 7Hd gol ¥ Aew yEwo
e 2 Ay die FEAEFE WeEdEd s A8 EAF] £
A ARAF] e geuges AT + A Hew ddd

A

>

8k-2-7}  ultrafiltration system=}

ol

I

Hlo] =golojFE ol &3ste] € 68 FRo AAAEuE THIEeH, oF
gt} AAES s

°]

op
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Fig. 9. Thin-layer chromatogram of acid hydrolysis of soluble fructan with
various acid. (lane 2,3 with sulfuric acid: lane 8, with oxalic acid: lane 10,
with HCD
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Fig. 10. Acid hydrolysis of 5% fructan levan. Left; without acid treatment
Right; with acid treatment.
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+
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BeHA L 7848 EHEL 15% HUME gumd] B F %/‘ Ek:a
BAREA gum 2Fo @0l F43 Fastd gume MY 715E A
HoRAM APskA dke, 65%8 A A5 AYE R B840 adE #A
HA o

Eold A AxA §FE %l

Az 2 Ay ‘?3°ﬂ"1 “35}
AdAe 84 ZZ9LS retention time 6.4F oA peak7} EA4 U
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Fig. 11. Typical HPLC chromatogram for elution of soluble fructan from gum

Top panel: 5 min, Bottom panel: 10 min.
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w84 Egee Ate AYHE HY ¥F A AdEH

£ 24, B MFL 45-70 Kgo.2& 2
el AAH] g3 7 F@o 31 }%%% ez A AAAS 2
JJr MACS} Tricep skinfoldl A, 84 Eggtgd Fdo] ot #AHE AY
< UeEthgich AF sty BMI ““I@}'%k AXE FAHE ZFHE YeEbHol(Table
9) AHZIZE] /M4 5 AFH BMIESFo] £44 THa4 4N &
A et

Agudo AHY A

< 26-
L
puy

BT 3 SUzHE FFS AYEW Ao YUY HDL Ed28EL §
d EFEATI(128%) B WETRTH-129%) FHoz ZE7stdd (Fig.
12). 8% SAARTGE)L +44 SZS4To) 125%2 A4 h2T9 9.0%
vla] dgsl dad ge 2. 33, 29 FEAFANE 584 Seke
A o8, Ao vvAE (FaAY, WAL, 2R, 2aguhe] =27)
7t Z2dte A FHo] AAFHE RS FU}AGEB). £F, F84 S
HDLEAZHE F&F $AAE (TR F4F 58 JATe2A, 3 8
EH7F JEE B B AP E 4 So £¥H 584 g @
o2k FEAYAAM Q9 5%0] dojde FUHJon, 53 =44 =F
S e A EeE BT 2 Md3te AEE #gAdsHH. SR, 2
ATl = b v eEAAR (BF free fatty acids, insulin, leptin $)7F ¥
grlo] glon B ’é@q]"i 9 5% AN 84 EFEAE 5954
< Wollx Jedexg 33 £& A7/ duyez "asy

A9 23, $84 EFRATAN A FHo] dAHT, F FAAL] #
28te Z74E #daith 44 EFugTdME 9% % iaﬂizﬂ%oﬂ K
FE vIHA @kov HOL 28825718 A%®, 28 9% FHALL
T84 g FF o8 2 Foz ase ARG o FaITAEd, o
584 29949 9% A4 M 23} 9eg RiET (Fig. 12),

oleid 84 TFYA A gAb WIE A plAgd AF £44 TR
of wEE Yeut @ A A4 Wse 4% 8% ¥59 T 2 A&
of Bul oAo] 710 Row A o5& AW G LY FAA 2H
T gAsted AN FAFH A% A4 vEe AaAAR FAH AYe 9 @
F3 AAdel P43 Hafol JFL Fol g AAL HaAE Hoz 4
7zt oh,
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Table 9. Anthropometric and general characteristics of subjects

Years Height (cm) Weight (Kg)
Levan group 364 159.1 58.3
Control group 353 158.5 56.2
30 1 N control

20

1 Levan «l—

1

10

% Changes
(e}

T T

Total cholesterol HDL-cholesterol Triglyceride (TG)

Fig. 12. Effect of soluble fructan containing gum on serum total cholesterol,

HDL-cholesterol, total glyceride.
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. Fructan®| AAW Z2E% ANE AH

1

2)

Aol 45 2 Xﬂ =7

Aol HHARE A LA olFo] Aol rTt w¥km Ao] 844 fructan
T&d A FFE JdElUA gtk AF Fo1EE o] £44 fructan §°
T g Wwol A AolFAME 10% +8€4 fructano] FoFog @
3 (p<0.05) TR Mol ME 5% F8&A4 fructanT (1.94+0.16g/day) 3t
10% <84 fructan (1.61g/day)e] wHZEF(2.58:0.29g/day)ol #®]& e},
(Table 10)
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Z o] FA
Aol HAe 9 AT 100g T g FAZ A3t 7 Az A
2 Yo dEdwrss g9sts AW 23 ZA4Ax A (brown
adipose tissue, BAT)2] FAl= RAA Aol & 7role o)z o 1A
W Aol M E 1% 84 fructand# 5% F84 fructando] WRTHTH
=2 Z2RE R Aol 84 fructano] BE WS g3 A FIHE 7HA
< F U AT A9 vt E2REE AW 2AA A4 2
Aol e A dzvEg uAY dzay AW ey F84
fructan &F 2AY 2o)E FFLL AFEE A5 2] &84 fructan?
FFo] FMEFE AAY FHo] Hol g Aol MAWZF FE7A P

uk
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Epididymal fat FAE mAw Holie] AS epididymal fat FA7F 8§
A fructan FFo] W ¥x gEHog Zastd dxd, 1% FEA
fructani®, 5% T€4 fructand, 10% €4 fructand? £o2 A
(Fig. 13) .

Visceral fat FAE @9 Aol fat FAE dxT vwsde
1% 44 fructan®9 fat $AE dxTd 91%, 5% F44 fructand <
67%,10% &4 fructan®L 43% = el 10% +84 fructanTe dE2T
o Hlal 50% ©|3+Z visceral fat FAI7F #AdE A& EAH

Peritoneal fat FAE A4 Aol A Aol RF 1% T84
fructanio] W2 TR AQx, 5%, 10% +E4 fructanw oA o & @&
Bgow 5% 444 fructan®#H 10% F8&A fructand e Aol ROl
o skt
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Table 10. Daily food intake, and weight gain in rats fed experimental diets
for 4 wk.

N HF HF-L1 HF-L5 HF-L10

, 21.98+0.56"
Food intake 28.99+0.49* 27.20£052™ 24.24+0.60% 23.95+0.49%
Weight gain 2.4820.21% 2584020 2.77+0.17* 1.94+0.16° 1.61+0.21¥

Each value is the mean S.E. for 9 rats.

Statistical analysis was performed using one-way ANOVA followed by
Duncan’s Multiple Range test. Values with different superscript letters are
significantly different from each other at p<0.05.

a'b'c’dsignificance between N, HF, HF-L1, HF-L5 and HF-L10.

*Y2significance between HF, HF-L1, HF-L5 and HF-L10.

N; normal diet, HF; high fat diet, HF-L1; high fat with 1% levan diet,
HF-L5; high fat with 5% levan diet, HF-110; high fat with 10% levan diet
group. ® AIN-76 Mineral mix; Dyets Inc., Bethlehem, PA, USA

¢ AIN-76 Vitamin mix; Dyets Inc., Bethlehem, PA, USA
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Fig. 13. Adipose tissue mass(BAT, epididymal fat, visceral fat, peritoneal fat)
in rats fed experimental diets for 4 wk. :

Levels of tissue mass were calculated as a weight per unit body weight.
Values are meanSE. n=9. Different letters indicate significant difference
(p<0.05) by Duncan’s Multiple Range Test. a,b,c; significance between N, HF
and levan supplemented HF groups. x,v,z; significance between HFand levan
supplemented HF groups. N; normal diet, HF; high fat diet group.
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MRIZ AAge] EXE FAG IFE A Aolo 93l =g
Ak EXE B 5 AN dute Hile] st gaste AL B 5 AU
(Fig. 14)

['

Visceral fato]l A X% A X E Bsty 2718 2AYL o A7 373
o] A4 Aol (10.73+3.03um)o) vl mAW A o]F (1872+4.11um)e] 1.74) 2
& Holm {4 el veluyo] (P<00), mAY A st A A
X9 A7 Fotste Aol #FHAY. (Fig 3) 784 fructan 2ol & 4
FE L Aol AF 10% 84 fructanToAA izl vs] ¢z @
&2 B, AW HolFo A% MAUY Wste 22 AFE Ho #Hut
T F7tel wet fojHor AT (p<0.05). (Fig. 15)

O

of rle

4) 8% A g

g5 FHAAYL A dF2To] 8250+866mg/dl B AAUETY
63.00:6.59mg/dl | His] FgH oz Frg v, £E4 fructanTd &
e & ZoF Z4dd 5% B 10% 44 fructando] fFHoz
TH61.33+6.97 mg/dl, 42.66+659mg/dD. 10% 444 fructanvwo F/3A% 9
Fe AW Uz 49% FFEoIY 238 A gRTETG O 2 48 B
th 8% F Zd2d8 §F AT ZAort flsley HDL 2d2HE2 1
A gizFol AN dRTRYG @, 84 fructand LAY 2T BEo
FoHom FrhstA vt (P<0.05). (Table 11)
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Hz wle stake mAW O 235742246 mg/dDol vl sl 596(1.67x0.77
mg/de}t 10% T84 fructan(104+050 mg/dl) o) A %91&-1 o2 Yo 7o 1
o, Aol B4 o o2 IATS Ure};m g3 ded fz}a& FEA4

o #das g, 1%9 5% T84 fructand e A dE2T TELE %}iﬁ}ﬁi‘:}‘
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Fig. 14. Magnetic resonance images of abdominal fat distribution in rats fed
experimental diets for 4 wk. The white area is the fat deposition in images.
N; normal diet, HF; high fat diet, HF-L1l; high fat with 1% levan diet,
HF-L5; high fat with 5% levan diet, HF-L10; high fat with 1096 levan diet

group.
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Fig. 15. The level of adipocyte size in rats fed experimental diets for 4 wk.
Adiocyte was isolated by collagenase-treatment from visceral fat pad.

Fach value is the meanSE. for 9 rats. Different letters indicate significant
difference (p<0.05) by Duncan’s Multiple RangeTest (B). ab,c; significance
between N, HF and levan supplemented HF groups. x,y,z; significance
between HF and levan supplemented HF groups. N; normal diet, HF; high fat
diet group.
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Table 11. Serum triglyceride, total cholesterol, HDL cholesterol, HTR and free
fatty acid level in rats fed experimental diets for 4 wk.!

N2

HF HF-L1 HF-L5 HF-L10

Triglyceride

63.00£6.59°
(mg/dl)

82.50+865™ 75.408.45% 61.33+6.97 42.6646.59"

Total cholesterol 60.71+3.62°

73.10+4.18"™ 74.00+2.18% 64.44+4.40°" 61.5523.62™

HDL cholesterol ~ 4557+2.80%

44.60£2.81% 53.80+1.65™ 54.33+3.89% 53.77+2.80

HTR® 0.77+0.06%

0.62+0.05%  0.730.01°7* 0.85:0.05™™  0.90+0.07™

'Each value is the meanSE. for 9 rats. Statistical analysis was performed

using one-way ANOVA followed by Duncan’s Multiple Range test. Values

with different superscript letters are significantly different from each other at
p<0.05. ab,c; significance between N, HF, HF-L1, HF-L5 and HF-L10. x,y,z;
significance between HF, HF-L1, HF-L5 and HF-L10.

’N; normal diet, HF; high fat diet, HF-L1; high fat with 1% levan diet,
HF-L5; high fat with 5% levan diet, HF-L10; high fat with 10% levan diet

group.

SHTR = HDL cholesterol/Total cholesterol ratio
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6) WATS} Skeletal Muscle®] UCP %d

White adipose tissue®} skeletal muscleoi4] UCP 238<& 2 Aze o
dukgol  Fose UCPe zAvit) ojdAA 2 A 2= =d WAT A
UCP 29 2@L& ot Ao st aA wge Holx #stoy skeletal
muscle IA2] UCP 3] 2@o] #wrel H7t4 el 1, 5 10%°] wat 4% 2As
B 53] 10% H7bAoldl osted fofsiAl FohdE dut Aol osho]
€4 F7HE A2 oy i) £gog Fogd AAge 4R
P & YU (Fig. 16)
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3 fructan ¥ 2ol AW AX FA4 2 AL FHL
FAAAY 3 7, HDL-Z2d2HE9 ZFU %
o NE&ZH 289 - 93 FHAwe] HAAE
q AE Aoz B oo 84 fructany

!

olf
R
o
U
5

2. Fructan® F&0}l2 F5454 &
1) Alg wskd 2 A9 FA

HF BEFEL shamv, OVXE, OVX-levanit Zrol]l Zo)7p glddoh
Tibia FAE AAdwdd vleted OVXFAAM HF3tA Zastdy 2 #Zae
levanol 218t Z7belAE 23 g Femur A& 73 Aolzb gl ey
Cecal contents® Sham o] 1.3x06g, OVXTol 13+05g, OVX-levana'©)
46:09g 2.2 levang A#FHI FoA FdstA E=vtsteE A2E #EAEH T colonic
content™ levang A #H3 TAAM Fod&A F73te RS BT Cecum wall
weight-2 Shama°] 05+0.1g, OVXiol 0.5+0.2g, OVX-levanw©] 0.9+0.2g 2 &
levane A3 T 893514 278t AL BESHY L colonic wall weight
T levang A4S oA FoAstA Frkste A& 24 (Table 12)

_70_



Table 12. Food intake, body weight, tibial and femoral
content and wall weight in rats fed experimental diets

weight, and intestinal

Sham 0OVX OVX-Levan
(n=7) (n=7) (n=7)
Body weight (g) 283.3+14.3 291.7+15.3 294,9+18.1
Tibia Weight a b b
(g/100gbody weight) 0.66+0.08 0.54+0.03 0.55+0.05
Femur Weight
(g/100gbody weight) 0.72+0.11 0.70+0.17 0.69+0.07
Intestinal contents
weight (g)
Cecal 1.3+0.6° 1.3+0.5° 46+0.9°
Colonic 0.7+0.4° 0.8+05° 1.8£0.8°
Intestinal wall
weight(g)
Cecal 05+0.1° 05+0.2° 0.9+0.2°
Colonic 0.9+0.2° 0.8+0.1° 1.4+0.3

1) All values are mean + SD.

2) Letters with different superscripts in the same row are significantly

different (p<0.05) among the groups by Duncan’s multiple range test.
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2) pH of the cecal and colonic contents

ZU pHE Table 1391 BoF%0] cecal W4E9 pHE Shamw o]
7.11+0.05, OVX o] 7.41+0.11, OVX-levan¥©] 519402722 levang HF I &
AN FostA HAAsd FU 219 MAHHE 7FA S Colonic pHx Shamw
o] 755+0.24, OVXi©o] 7.88+0.21, OVX-levani®©] 6.92+0.25% levans A#H S
T Al 219 A33E 7HA kY. (Table 13)

3) Short-chain fatty acid(SCFA), lactate concentrations in the cecal and

colonic contents

AU A A @S acetate, propionate, butyrateol A levanAd F ol
olste] Fakol FostA ZF78H o, lactate T FES cecumN M E Fo gk xpol
7 9192y colondl M levan A F ol st FHF FrHE B AT Cecum H
Acetate 33& ShamT°] 55.82+13.32, OVXo] 5751+17.27, OVX-levan©]
153.19+26.23 mol/total content & levang AT FAA FAsA Frtstes A
S B9 3, ButyratedFL ShamTo] 6174213, OVXTo] 585+1.94,
OVX-levan©] 9.20+2.72 mol/total content & levane AF 3 TANA F3HA
=735te AL BEI}YT ColondlAcetate, Butyrate &3S OVX-levanv-o}
s A F7tete RS #FHATH (Table 14)

4) Serum concentration of calcium and phosphorus
q43 ) ZEY ¥EE ShamTo] 7.84+168, OVXTol 699+1.79,
OVX-levanZ-©] 6.36+152 mg/diZ levang A3 FollA izl vl f2

6.
S gaste AL BRAYT, Ao FFe Fael FAHA Aot Gk
T@ Ca/Pe Ml EE FZrl FHA Ae)E 1ol Ytk (Table 15)
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Table 13. pH of cecal and colonic contents in rats fed experimental diets

Sham OovX OVX-Levan
(n=7) (n=7) (n=7)
pH
Cecal 7.11£0.05° 7.41+0.11? 5.19+0.27°
Colonic 7.55+0.24% 7.88+0.21° 6.92+0.25°

1) All values are mean + SD.

2) Letters with different superscripts in the same row are significantly
different (p<0.05) among the groups by Duncan’s multiple range test.
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Table 14. The cecal and colonic concentration of short-chain fatty acid
(SCFA) and lactate in rats fed experimental diets

Sham OovX OVX-Levan
(n=7) (n=7) (n=7)
Cecum (mol / total content)
Acetate 55.82+13.32b 57.51+17.27b 153.19+26.23a
Propionate 11.12+3.66a 9.13+2.14a 25.57+4.57b
Butyrate 6.17+2.13b 5.85+1.94b 9.29+2.72a
Colon (umol / total content)
Acetate 23.24+5.45b 1873+6.11b 47.43+843a
Propionate 4.00+0.98b 3.23+0.24b 9.53+2.13a
Butyrate 0.61+0.02 159+0.08 3.47+0.41
Lactate 0.06+0.01 0.07+0.02 0.10+0.05

1) All values are mean + SD.

2) Letters with different superscripts in the same row are significantly

different (p<0.05) among the groups by Duncan’s multiple range test.
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Table 15. Concentration of serum calcium (Ca) and phosphorus (P) and Ca/P
ratio in rats fed experimental diets

Sham OovX OVX-Levan

(n=7) (n=7) (n=7)
Calcium (mg/dl) 7.84+1.68" 6.99+1.79™ 6.36+152°
Phosphorus (mg/dl) 6.48+0.96 6.0+11.02 5.95+0.64
Ca/P ratio 1.21+0.11 1.16+0.30 1.07+0.21

1) All values are mean * SD.
2) Letters with different superscripts in the same row are significantly
different (p<0.05) among the groups by Duncan’s multiple range test.
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5) Mineral apparent absorption

g, ¢, 38 ol29 F58L #F o9 F4E€E Shamdo] 51.848 OVX
o] 508467, OVX-levanT©o] 54.6+43 %= levand AHF TAA iz
vt FolAE AFAAE BAY. HEY HALE levanSs HAF TolA U=
ol HlEtd FEe FH4AHE By {FoHQA Heols HelA Furh
(Table 16)

6) Bone mineral density

WX+ Bone Mineral Densitometer XCT Research SA (STRATC, German)
2 Z2A3}=1 trabecular density®} cortical density® ti&atol ®]8la] levane
AH st Fdxe] Fo3¢ Z712 7F- %3, total bone densitys WHEF
of vlate] {Fo A olyxivt ¥EUxe] FUF AFAHE HAT (Fig. D

1 4 o :g_
AT EHEF A TPHol Bol FAHIUE AL B F AN levan

Levan $¢lof 23l FHEwsrt §o A o)X= At Ao cecum
o] BAE= dAHA T vlste guktolA oo

BANAE & 2] foHe ol E molA Wk
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lo

dure FoE oA 0F 2He] ¥R/ KRR Prsgon F <
]

o ¥EE 975

durel 2, AR e e BAE FYHolAET wAW Gu
o4 guel pHAE AHEAAGE GuA FAT 4FE BAFE A
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Table 6. Apparent absorption of calcium and phosphorus in rats fed

experimental diets

Sham OVX OVX-Levan

(n=7) (n=7) (n=7)
Calcium (%) 51.8+4.8 50.8+6.7 54.6+4.3
Phosphorus (%) 67.2+59 66.0+7.4 68.914.2
Fe (%) 55.2+3.6 56.1+6.6 57.7+6.1

1) All values are mean + SD.
2) Letters with different superscripts in the same row are significantly
different (p<0.05) among the groups by Duncan’s multiple range test.
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Fig. 17. The trabecular bone density in the

ovariectomy and low calcium diet

_78_

osteoporotic model rats by



Fig. 18. Photomicrographs of tibia section of Sham-operated rats, OVX rats,

and OVX rats treated with levan by Gomori stainning
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vt Fructan® ¢t A @ A 3

D AF stk 9 Aol Hojage ¥z

A= wEALES HWE 0.1%9 03%E He T FAANE FAF Y A
ADG(Average daily growth) & BFAZ&E =79 vlsd AF Wk
01% H7te2 FY3tA AT 712 2 ¢ AQ1 03% A7 AF9
}7b e ZhIe AFHE HYod 7% ol fid. Aol
T3Ee] Fod Apolg molx dgton Holagw FAsY AN @ Ax
o & Ao]lE Bolx] gk}, (Table 17)

Ao (B oro &

[+
[¢]
w

c

lo

r?L'

2) %9 AMx9z

Aute FedE R AL =
239 FELOE 4TI A0 T
v dEE Fode] HAd ulste] Fof
ML By, FAE (b du F

B LA Ho17} amgrr}, Maa*)
Aol AW TS FA 7} bR WA
o FoA] AAAZET veror}) Aol A
BEE FAE Hn JAT A5 ddEA A9 A @ #5H Ao 9y
& BA} dn Fd BrE F2E addo] Hma el Fojo oste] A

AFYE fAsEd 8ol He A2#E R (Table 18)

J?«.

o

3 F FHALY wrHs

HAe] " F S FU2eE, HDL-2 2889 §3FE 24T
A3} total-cholesterole] &8 F7to aolsb qUQe.w, HDL-cholesterold %
ZF 03% ANke T4 oA Fo3tAl(p<0.05) TS B, triglyceride
of FEE 01%, 03% Fof ol el (p<00s) AAdE AL 2 5 U
toolE E59 4] FAANYY FFE FaAZE F de FL2 HHAE A
g9t} (Table 19)

2

9

39 HepG2 AT AFol nixle 4TS FHRI Ao
¥ A AT EAL in vitro A BAded 88 MTT assayE 4]
Fig. 19 3 2ok #vre /558 AHgst4 1, 10, 50, 100 pg/ml &
stadch Wk ¥ 1, 10, 50, 100ug/mL A 983, 727, 5913, 5317% A
A E7E BGY #@8 ¥E 50 ug/ml 9 100 ug/mie Wzl vkl
A& A(P<0.05) MEZHE JAE A2z VEsH

do oo HUocoh
&N
o
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Table 17. Daily food intake, weight gain and food efficiency ratio (FER)

" .
' ood Welght FER
intake(g/day) gain(g/day)

Control 542.9+22.8 3425+11.4° 1.55+0.47

0.1% Levan 569.3+12.3 388.6+22.7° 1.53+0.29

0.3% Levan 523.6+20.6 354.8+20.9% 1.47+0.33

1) Values are Mean+S.D.

2) Statistical analysis was performed using one-way ANOVA followed by
Duncan’s Multiple Range test. Values within a column with different
superscript letters are significantly different from each other at p<0.05 by

Duncan’s Multiple Range Test.
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Table 18. External color of the pork treated with 0.196 and 0.3% levan

L= ax b*

Odays 30days Odays 30days Odays 30days

Control ~ 68.3+0.4 70405 2.85+0.23 0.46+1.00 698+0.32 7.44+0.31

0.1%

? 68.3+0.4 65.7+0.2 2.85+0.23 1.87+0.77 6.98+0.32 7.01£0.07
Levan
0.3%
L 68.3+0.4 68.840.3 2.85+0.23 292+065 6.98+032 7.04%x0.15
evan

1) Values are Mean+S.D.

2) L* : Lightness (0 - 100)
ax ! Redness (60 - +60)
b* : Yellowness (-60 - +60)
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Table 19. Effect of dietary levan on serum total cholesterol, HDL

cholesterol and triglyceride level Y

Total cholesterol  HDL cholesterol Triglyceride
(mg/dl) (mg/dl) (mg/d})
Control 88.7+20.3 425+54° 76.4+10.4°
0.1% Levan 82.2+12.9 47.2+11.0%® 58.2+11.3°
0.3% Levan 86.3+11.2 50.3+9.3 59.4+8.8"

1) Values are Mean+S.D.
2) Statistical analysis was performed using one-way ANOVA followed by

Duncan’s Multiple Range test. Values within a column with different
superscript letters are significantly different from each other at p<0.05 by

Duncan’s Multiple Range Test.
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Fig. 19. Cytotoxic effects of levan on viability of HepG2 cells. Viability was
determined with MTT assay. Results are presented as mean SEM. *
represents P < 0.05 compared to the control group.
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H S SNUC4 celldl] 100 ug/ml #5232 A3} YS 4 control FHE =
Ae A EA ol doju: HX WYL B + Uk (Fig. 20)

5) AX | 9z g FH23 v W

AE ) 99dR FAANEY F5 HEE 2 23 v £ std A
T e¥d 59 Wste Aojrt yx ggtoy FAXAY FFLE {954
Faske AE B 4 AN 3T3-L1 Alxe Esiddlol dwte 528 Ao
9Jsted 50, 100 ug/mt B2 A7 & AL F98HA (P<0.05) Triglyceride %
o] Z4, GPDH acitivityd] ZHa @4& & + Ayt (Fig. 21, 22) A 5=
50, 100ug/mL A 0.101x0.011, 0.093+0.0092 =79 0.132+0.002 =il 4|3}
o 23 AP<0.05) #4344}

Bol 34% Aoldf 943%F 73t
Aol Aol F=E FAHE ARE F
& agoll A L}E%ﬂr Zrg, 489 el FE, ¢, o
of Hlsted EA Yetwth AlEolx Aol e o] ErI= AT it
Hlgte) e dFS 7ban A8 T7lé g gdtel] vletd A 53
3 ARG AtERE guke FRE2 YUiE e RoBR #FFY o)t AN
t}. (Table 20)

et FHE olrixte] AL olan 2 SFERANL FFo] o
=A Ustm S ol Al B2 A9 Fegko] o
A 2ol g 7Rl 9low BCAAY #l4l, olaFolal, Zejile A=
AtE 9} vt E e 2

7 A E
A= AR H9E 0.1%9 0.3%

ADG(Average daily growth) & HFAZEL
< 01% HA7hTe st AT S #F
. [e]

mlm
3
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™

FAAE FoALZ dx
gzl Hlste}l AT WY
F AN 03% FHbEES Al
0 .

FEEE Sojste] KT B $HY 4WHE Lope A% £F
e YELOE AFED A% FATS miA Aol g, A4E
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(ax)= @ute Foide] HAo Wty o F A MAPErs} +X7t ¥
oA WM dAYE BAT

A =1e]  dAtotal-cholesterole]  FFS  FZrl  AHolzb  qiden,
HDL-cholesterol®] ¥ #2 03% #@ikg Fqg FolA 9 8HAl(p<0.05) T
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(p<0.05) Zazte AL B F AU ol =89 S FAAAYY &=
$ 2N F UE FL& AR Asd,
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Fig. 20. Characterization of levan -induced cell death in SNU-C4 cells. Cells
were cultured without levan (A) or with 100 g/ml! levan (B). Morphology
phase-contrast microscopy shows cell shrinkage, irregularity in shape and

cellular detachment in levan -treated cultures (B).
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Fig. 21. Triglyceride concentration of 3T3-L1 cells treated with various
concentration of levan. Results are presented as mean * SEM.

* represents P < 0.05 compared to the control group.
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Fig. 22. GPDH activity of 3T3~L1 cells treated with various concentration of
levan. Results are presented as mean+SEM.
* represents P < 0.05 compared to the control group.
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Table 20. Nutrients concentration of levan

Levan Levan-feed for pig

T (g/100g) 34 51
A% (g/100g) 0.0 0.0
@A (g/100g) 0.2 0.1
3% (g/100g) 0.6 0.2
2ol d # (g/100g) 943 206
B et E (ug/100g) 0.0 0.0
#lelel C (mg/100g) 0.0 0.0
HE7I 2" (mg/100g) 0.0 0.0
Na (mg/100g) 89.1 34.6
Ca (mg/100g) 85.2 39.8
Fe (mg/100g) 0.2 0.3

P (mg/100g) 0.1 04
Zn (mg/100g) 0.1 0.1
K (mg/100g) 452 17.8
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Table 5. Amino acids concentration of levan

Levan Levan-feed for pig
Aspartic acid 80 0.0
Serine 83 8.7
Glutamic acid 18.3 10.8
Glycine 12.7 8.4
Histidine 0.0 0.0
Threonine 52 42
Arginine 10.2 77
Alanine 5.7 3.4
Proline 1.1 1.3
Cysteine 0.0 0.0
Tyrosine 176 5.6
Valine 54 27
Methionine 0.0 0.0
Lysine 82 1.9
Isoleucine 4.1 5.7
Leucine 7.0 3.3
Phenylalanine 7.4 51
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Abstract We found previously that dietary high fat caused
obesity. and levan supplementation to the regular diet reduced
adiposity and serum lipids. In the present study, we examined
the ettects of levan [high-molecular-mass (-(2,6)-linked
fructose polymer] supplement on the development of obesity
and lipid metabolism in rats fed with high-fat diet. Thus, to
determine whether the dietary levan may have the anti-
obesity and hypolipidemic effects, 4-wk-old Sprague Dawley
male rats were fed with high-fat diet for 6 wk to induce
obesity, and subsequently fed with 0, 1, 5, or 10% levan
supplemented high-fat diets (w/w) for another 4 wk. For the
comparison, a normal control group was fed with AIN-76A
diet. Supplementation with levan resulted in a significant
reduction of high-fat-induced body weight gain, white fat (i.e.,
epididymal, visceral, and peritoneal fat) development, adipocyte
hypertrophy, and the development of hyperinsulinemia and
hyperiipidemia in a dose-dependent manner. Serum triglyceride
and free fatty acid levels were greatly reduced by levan
supplementation. Serum total cholesterol level was reduced,
whereas the HDL cholesterol level was increased by dietary
fevan. The expression of uncoupling protein (UCP) was
increased by dietary high fat, and was further induced by
levan supplementation. The mRNA fevel of UCPI, 2, and 3 in
brown adipose tissue (BAT) and UCP3 in skeletal muscle was
upregulated in rats fed with dietary levan. In conclusion,
upregulated UCP mRNA expression may contribute to
suppression of development of obesity through increased
energy expenditure. The present results suggest that levan

*Corresponding author
Phone: §2-2-901-0769: Fax: 82-2-965-8904:
E-mail: sakang @khu.ac kr

supplementation to the diet is beneficial in suppressing diet-
induced obesity and hyperlipidemia.

Key words: Obesity, hypolipidemic effects, levan, UCP,
high-fat diet, rat

Obesity is the most prevalent nutritional disorder that results
from imbalance between energy intake and expenditure
[25). It is often associated with hyperlipidemia, type 2
diabetes mellitus, hypertension, and increased risk of
coronary heart disease. The optimal treatment for obesity
would be the one that both suppresses food intake and
increases energy expenditure. Food intake is regulated by
leptin and other neurotransmitters, affecting appetite [36],
and diet modulation can affect energy expenditure. An
important component of energy expenditure is adaptive
thermogenesis, which is based on the functionality of
uncoupling protein (UCP). UCP is a member of the inner
mitochondrial membrane transporters, which induces heat
production by uncoupling respiration from ATP synthesis.
It has been reported that the expression of UCP is related
to energy expenditure and it plays a role in the
development of obesity [9].

Interestingly, nondigestible carbohydrates such as fructan
has been shown to exert systemic effects by modifying
energy and lipid metabolism. Indeed, consumption of
nondigestible oligosaccharides suppresses weight gain and
fat accumulation [31], and reduces serum triglyceride and
cholesterol concentrations [21]. The mechanism of these
effects on serum lipids remains incompletely elucidated.
Fructan stimulates the growth of bifidobacteria {6} and
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improves the intestinal microflora production of short-
chain fatty acids, which are expected to have physiologic
roles in human health [35]. Animal studies demonstrated that
short-chain fatty acids produced by bacterial fermentation
and absorbed into the portal blood flow may have an
inhibitory effect on hepatic fatty acid and cholesterol
synthests {8, 27].

In contrast to the extensive studies on the effects of
B-2,1) fructan, such as oligofructose and inulin, few
investigation of levan which belongs to a class of fructan
composed of B-(2,6)-linked fructose have been carried
out. Although oligofructose and inulin are available as
natural oligomers and polymers of the sugar fructose found
in many plants and microbial products, it has not been
possible to obtain sufficient quantities of B-(2,6) fructan
levan from natural sources. Microbial ievans are produced
from bacteria, yeasts, and fungi {10, 18-20,34]. The
production and utilization of levan at an industrial level are
not well developed, and only a few papers have reported
on the production of levan using fermentation techniques
[17,32]. We used synthesized high molecular weight (ca.
6,000,000) levan from sucrose by using bacterial levansucrase
(sucrose-6-fructosyltransferase, EC 2.4.1.10) which was
isolated from Zymomonas mobilis [34]. Levan is soluble in
water and not hydrolyzed by human digestive enzymes,
and the fermentability and the bifidogenic effect of levan
have been confirmed in vivo [12]. Also, levan can be used
as a prebiotic for stimulating the growth of lactic acid-
producing bacteria in an animal model {11}.

Previous work in our laboratory showed that dietary
high-fat diet (40% of calories as fat) caused obesity in rats
with increased body weight and fat accumulation {13], and
that the oral administration of 2% levan reduced the
adiposity and serum lipids {14]. Recently, exobiopolymers
produced from submerged mycelial culture of Ganoderma
licidum and mushrooms have been shown to have
hypolipidemic effect [43, 44]. On the basis of these earlier
studies, the present study was undertaken to test the
hypothesis that nondigestible carbohydrates, namely levan,
are able to decrease adiposity and post-prandial lipemia in
obese rats induced by high-fat diet, thus clarifying whether
supplementation of levan has anti-obesity and hypolipidemic
effects. The gene expression of UCP was investigated in
order to find a potential effect of levan on energy intake
and expenditure.

MATERIALS AND METHODS

Animals and Diets

Three-weeks-old Sprague-Dawley male rats were purchased
from Central Experimental Animals (Samtaco, Seoul Korea)
and housed individually. After adaptation for 1 week. rats
were weighed, randomly assigned. and fed normal or high-

HYPOLIPIDEMIC EFFECTS OF LEPTIN = 797

Table 1. Composition of experimental diets (g/kg diet).”

N HF HF-LI HF-LS HF-LIO

Casein 200 200 200 200 200
DL-Methionine 3 3 3 3 3
Corn starch 150 150 140 100 50
Sucrose 500 345 345 345 345
Cellulose 50 50 50 50 50
Com oil 50 - - - -

Beef tallow - 205 205 205 205
Mineral mixture” 35 35 35 35 35
Vitamin mixture* 10 10 10 10 10
Choline bitartrate 2 2 2 2 2
Levan - - 10 50 100

Fat % (Calories)  11.7 40.0 40.0 40.0 40.0

°N; Normal diet, AIN-76A diet #100000. HF; high-fat diet, AIN-76 diet
#100496 (Dyets Inc., Bethlehem, PA, U.S.A.). HE-LI(; high fat with 1%
levan. HF-LS5; high fat with 5% levan. HF-L10; high fat with 10% levan
diet.

*AIN-76 Mineral mix; Dyets Inc.. Bethlehem, PA, US.A.

‘AIN-76 Vitamin mix; Dyets Inc., Bethlehem, PA, US.A.

fat diet. Six weeks later, high-fat fed rats were randomly
assigned to four groups and allowed to one of the four
diets; high fat with 0, 1, 5, or 10% (wt/wt) levan diets for 4
weeks. The composition of experimental diets is shown in
Table 1. Water and food were ad libitum. The food intake
and body weight were weighed twice a week and food
efficiency ratio (FER) was calculated.

Sample Collection

After 4 weeks of feeding normal, high fat, or levan
supplemented high-fat diets, blood was collected from the
portal vein under anesthesia with diethyl ether, and serum
was separated by centrifugation (3,000 xg, for 15 min at
4°C). After collecting blood samples, soleus muscle,
interscapular brown adipose tissue (BAT), epididymal fat
pad, visceral fat, and peritoneal fat pad were immediately
excised, weighed, and frozen in liquid N,. All serum and
tissue samples were stored at - 70°C until analysis.

Abdominal Fat Distribution

Abdominal fat distribution of rats was examined one day
before sacrifice, using MRI (Magnetic Resonance Imaging
System).

Adipocyte Size Determination

Adipose tissue samples (0.5 g) were taken from visceral fat
depots and adipocytes were isolated using collagenase {24].
Adipose tissue was immediately washed in 145 mmol/l
NaCl-buffer containing 3% BSA, cut into small pieces,
and added to 1 ml of NaCl-buffer containing 1.5mg
collagenase (Sigma Chemical, St. Louis, MO, U.S.A ), and
the mixture was incubated in a shaking water bath at
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80 cycles/min for I h at 37°C. After incubation, the cells
was filtered through 450 pm nylon mesh, and adipocytes
were allowed to float for 3 min. The adipocytes were
washed twice with 3 ml of NaCl-buffer containing 5 mM
glucose and 3% BSA. Between each washing, the adipocytes
were centrifuged at 470 xg for | min. Then, the cells were
resuspended in 1-2 ml of NaCl-buffer with glucose and
BSA. The adipocytes were evaluated by a microscope,
using a calibrated grid, and the mean diameter of 30 cells
from each cells preparation was calculated.

Blood Analyses

Serurn cholesterol, HDL-cholesterol, triglyceride (TG),
and free fatty acid were measured using commercial kits
(Sigma Chemical, St. Louis, MO, U.S.A).

Quantitative RT-PCR for Gene Expression Analyses
Total RNA from BAT, epididymal fat, and soleus muscle
was extracted with the Trizol reagent (Gibco). The yield
and quality of the extracted RNA were assessed by the
260/280 nm optical density ratio and by electrophoresis on
[% agarose gels under denaturating conditions, Reverse
transcrption (RT) reactions consisted of 2pg of total
RNA denatured for 10 min at 72°C for cDNA synthesis.
The final composition of the reaction mixture was as
follow: M-MLV (Promega) 200 units, dNTP (each
2.5 mM) mix 2 pl, RNasin (Promega) 40 units, oligo (dT)
primer (Invitrogen) 1 pl. Reverse transcriptase reaction
was then performed in a final volume of 25 p! for 60 min
at 42°C and stopped after 30 min at 75°C. UCP primers
were: UCP! sense 5-TAC CCA CAT CAG GCA ACA G-
3, antisense 5-TCA TTG CAC AGC TGG GTA C-3'
(product size 842 bp), UCP2 sense 5'-ACA GCA GCC
TGT ATT GCA G-3', antisense 5-TTG TAG GCT TCG
ACA GTG C-3' (product size 428 bp), UCP3 sense 5'-
ACC ATG GTT GGA CTT CAG C-3, antisense 5'-AGT
TCC CAG CGT ATC CAT G-3' (product size 450 bp).
Polymerase chain reaction (PCR) was performed in
25 ul final volume containing Taq polymerase (Takara)
0.125 pl, 10xPCR buffer 2.5 pl, dNTP (each 2.5 mM) mix
2, 10pmol each of the gene specific primers, and
10 pmot each of the primers and B-actin. The PCR cycle

was 94°C for 30 s, 58°C or 60°C for 60 s, and 72°C for 90 s,
repeated for 27, 32, and 30 cycles for UCPI, UCP2, and
UCP3, respectively. A final elongation step was 10 min at
72°C. The PCR products (10 ul) were resolved in 1.5%
agarose gel, and the DNA was visualized by ethidium
bronude using an U.V. transilluminator and then photographed.
The level of gene expression was determined as the ratio
of integrated peak area for each individual gene PCR
product relative to that of the coamplified &-actin internal
standard. Values are presented as mean+SE of 4 individual
determinations.

Statistical Analyses

Results are expressed as means=SE. The significance of
difference between the normal and the high-fat diet groups
before levan supplementation was determined by Student’s
t-test. ANOVA and Duncan’s multiple range test were used
to determine the significance of differences after 4 weeks
of levan supplementation. Statistical analyses were carried
out with the SAS program (SAS 8.0, SAS institute, Cary,
NC. U.S.A.) and statistical significance of difference was
defined at P<0.05.

RESuULTS

Food Intake, Body Weight, Weight Gain, and FER
After Levan Supplementation

Food intake was lower in the high-fat diet fed rats,
compared to normal diet fed rats, and higher in the levan
supplemented diet fed rats than the high-fat diet fed rats.
Body weigﬁt gain was markedly lower in the rats fed diets
containing 5% and 10% levan, compared to the rats fed
with high-fat diet alone. At the end of the study, body
weight gain was 38% lower in the rats fed 10 % levan diet,
compared to the high-fat diet fed rats, and 35% lower
compared to the normal diet fed rats. Thus, food efficiency
ratio (FER) was significantly lowered by dietary levan in a
dose-dependent manner. FER of the high-fat diet fed rats
was higher than the normal diet fed rats, and lowered by
15%, 34%, and 43% in 1%, 5%, and 10% levan
supplemented diet fed rats, respectively (Table 2).

Table 2. Daily food intake, weight gain, and food efficiency ratio in rats fed with experimental diets for 4 wk.

N HF HE-LI HF-L5 HF-L10
Food intake (g/day) 28.99£0.49° 21.98+0.56; 27.2040.52% 24.24+0.60: 23.95+0.49;
Weight gain (g/day) 2.48+0.21% 2.58+0.29; 2770173 1.94£0.167 1.61+0.215
FER 0.087x0.007° 0.121+0.013% 0.1030.006% 0.080+0.007}% 0.069+0.007;

Each value is the meanxS.E. for 9 rats.

Statistical analysis was performed using one-way ANOVA followed by Duncan's Multiple Range test. Values with different superscript letters are
significantly different from each other at p<0.05. a, b, ¢, d; significance between N, HF, HF-L|, HF-L5, and HF-LI0. x, y, z; significance between HF, HF-

L1, HF-LS, and HF-L10.
FER; Food efficiency ratio=body weight gain (g/day)/food intake (g/day).

N: normal diet, HF: high fat diet, HF-L1: high fat with 1% levan diet. HF-LS: high fat with 5% Jevan diet. HF-L.10: high fat with [0% levan diet group.
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Adipose Tissue Mass and Adipocyte Size
BAT mass was higher in the rats fed 1% and 5% levan
containing diet, and lower in the 10% levan diet fed rats
than that of the rats fed high-fat diet alone. Compared with
the normal diet, the epididymal and visceral fat masses in
the rats fed 10% levan supplemented high-fat diet were
nearly identical. Moreover, the peritoneal fat mass of 3%
(1.4020.11 g/100 g B.W.) and 10% (1.5240.15 g/100 g B.W))
levan supplement to diet was lower than that of the normal
diet group (2.060.15 g/100 g B.W.). Supplementation with
levan significantly suppressed the relative white adipose
tissue mass in a dose-dependent manner; i.e., epididymal,
visceral, and peritoneal fat accumulation, in comparison with
that in the high-fat diet group. Epididymal, visceral, and
peritoenal fat mass was remarkably lower than the high-fat
diet fed rats by 45%, 57%, and 44%, respectively (Fig. 1).
MRI, which visualizes the fat accumulation in the
intra-abdomen, revealed great fat in the visceral and
subcutaneous areas in the high-fat diet fed rats, and the
body fat accumulation was lowered by levan supplementation
in a dose-dependent manner (Fig. 2).
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The adipocyte size was measured from collagenase
treated visceral fat pad (Fig. 3). The cell size was bigger
(187.2+16.8 um) in the high-fat diet fed rats than the
normal diet fed rats (107.3x11.4 pm), and became smal ler
dose dependently by levan supplement, which is consistent
with the fat mass. The size of adipocytes in the rats fed 5%
(114.3+3.3 um) and 10% (93.4+11.4 um) levan-containing
diet was nearly identical with that of the normal diet fed

rats.

Serum Triglyceride, Total Cholesterol, HDL Cholesterdl,
and Free Fatty Acid

The levan supplementation in the high-fat diet markedly
lowered the serum triglyceride concentration, as compared
to the rats fed the high-fat diet alone. The triglyceride leveel
in the 10% levan diet fed rats was significantly lower than
the high-fat fed rats and normal diet fed rats by 48% and
32%, respectively (P<0.05) (Table 3). Total cholesterol
level was higher in the rats fed high-fat diet than the
normal diet fed rats. This increase in total cholesterol was
suppressed by 5% or 10% levan supplementation to the
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Fig. 1. Adipose tissue mass (BAT, epididymal fat, visceral fat, peritoneal fat) in rats fed with experimental diets for 4 wk.
Levels of tissue mass were calculated as a weight per unit body weight. Values are mean+SE n=9. Different letters indicate significant difference (p<0.05) by
Duncan’s Multiple Range Test. a, b, ¢; significance between N, HE. and levan supplemented HF groups. . y. z: significance between HF and fevan

supplemented HF groups. N; normal diet. HF; high-fat diet group.
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Fig. 2. Magnetic resonance images of abdominal fat distribution in rats fed with experimental diets for 4 wk.
The white area is the fat deposition in images. N; normal diet. HF; high-fat diet. HF-L 1 high-fat with 1% levan diet. HF-L5; high fat with 5% levan diet. HF-

L10; high-fat with 10% levan diet group.

high-fat diet and lowered to the value of the normal diet
fed rats. On the other hand, HDL cholesterol level in the
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Fig. 3. The level of adipocyte size in rats fed with experimental
diets for 4 wk. Adipocyte was isolated by collagenase treatment
from visceral fat pad.

Each value is meantSE for 9 rats. Different letters indicate significant
difference (p<0.05) by Duncan’s Multiple Range Test (B). a, b, c;
significance between N, HF. and levan supplemented HF groups. x, v, 7;
significance between HF and levan supplemented HF groups. N; normal
diet. HF; high-fat diet group.

levan fed rats was significantly higher than in the high-fat
or normal diet fed rats (P<0.05). The ratio of HDL/total
cholesterol (HTR) in the rats fed levan-containing high-fat
diet was significantly higher than in the high-fat diet or
normal diet fed rats. Serum free fatty acid level in the high-
fat fed rats was higher than the normal diet fed rats. The
levan supplementation to the high-fat diet resulted in
significant reduction in the serum free fatty acid level:
21%, 35%, and 29% reduction in 1%, 5%, and 10% levan
supplemented rats, compared to the rats fed with high-fat
diet alone.

Expression of UCP mRNA in BAT, Skeletal Muscle,
and WAT

The effects of dietary levan on mRNA levels of UCPs,
which may influence metabolic efficiency, were examined.
BAT mRNA levels of UCP 1, 2, and 3 in 10% levan-
containing high-fat fed rats were 121%, 42%, and 22%
higher than the high-fat diet fed rats, respectively. BAT
UCP2Z mRNA expression was higher in HF-L1, HF-L3,
and HF-L10 compared to HF group alone by 32, 67, and
52%, respectively. UCPI, 2, and 3 mRNA expressions
in BAT were upregulated by the high-fat diet and
further induced by levan supplementation (Fig. 4A). UCP2
mRNA expressions in skeletal muscle and WAT were
upregulated by the high-fat diet by 25%, but were not affected
by levan supplementation (Figs. 4B, 4C). In contrast to the
UCP2 gene, UCP3 gene expression in skeletal muscle
exhibited a pattern similar to the UCP3 gene in BAT. Skeletal
muscle UCP3 mRNA expression was also affected by the
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Table 3. Serum triglyceride. total cholesterol, HDL cholesterol, HTR. and free fatty acid levels in rats fed with experimental diets for 4 wk.'

N HF HF-LI HF-LS HF-L10
Triglyceride (mg/d}) 63.00£6.59® 82.50+8.65: 75.40+8.450 61.33+6.97% 42.66+6.59,
Total cholesterol (mg/dl) 60.7123.62° 73.10+4.18% 74.00+2.18: 64.443:4 407 61.55+3.62)°
HDL cholesterol (mg/dl) 45.57+2.80" 44.60+2 81 53.80+1.65% 54,33+3.89: 53.77+2.80:
HTR' 0.77+0.06™ 0.6220.05; 0.730.015% 0.85+0.05% 0.90+0.07:
Free fatty acid (UEq/l) 678.9£56.1% 853.8+75.5: 762.2+43.3° 557.8+46.3% 610.4+29.2

'Each value is the meanSE for 9 rats,

Statistical analysis was performed using one-way ANOVA followed by Duncan’s Multiple Range test. Values with different superscript letters are
significantly different from each other at p<0.05. 2, b, ¢; significance between N, HE, HF-LI, HF-LS, and HF-L10. x, y. z; significance between HF, HF-L1,
HF-LS5, and HF-L10.

’N; normal diet. HF; high-fat diet. HF-L1; high-fat with 1% levan diet. HF-LS5; high-fat with 5% levan diet. HF-L10; high-fat with 10% levan diet group.
*HTR=HDL cholesterol/Total cholesterol ratio.
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Fig. 4. Changes of UCP mRNA expression in BAT, skeletal muscle, and WAT.

mRNA levels of UCPI, 2, and 3 in BAT (A), mRNA levels of UCP 2 and 3 of skeletal muscle or soleus (B), and mRNA levels of UCP2 of WAT or
epididymal fat pad (C) in rats fed with control or levan supplemented diets for 4 wk. Quantitative RT-PCR was used for the mRNA determination. Levels of
mRNA were calculated as a percentage of the values of the normal diet group. Each value is mean+SE for 9 rats. Different letters indicate significant
difference (p<0.05) by Duncan's Multiple Range Test. a, b, ¢; significance between N, HF, and levan supplemented HF groups. X, y, z; significance between
HF and levan supplemented HF groups. N; normal diet. HF; high-fat diet group.
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up to 40% of the total body weight and is endowed with
substantial mitochondrial capacity. Therefore, the uncoupling
of skeletal muscle mitochondria may play an important
role in the utilization of fatty acids (45). In the present
study, because of the increased energy expenditure,
the increased expression of UCP mRNA in BAT and
skeletal muscle might explain the suppression of body fat
development in levan supplemented rats, compared with
rats fed with high-fat diet alone.
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Abstract DFA IV is di-D-fructose-2,6":6,2"-dianhydride,
consisting of two fructose residues. It can be enzymatically
synthesized from levan by levan fructotransferase, and can be
used for mineral absorption. Understanding of the structure
and coinposition of levan {s important to obtain high-level
production of DFA IV. A bacterial strain, Pseudomonas
aurantiaca S-4380, was identified to produce low-branched
levan, and the levansucrase gene (IscA) from this bacterium
was found to be composed of 1,275 bp coding for a protein
of 424 amino acids, with an estimated molecular weight of
47 kDa. The bacterial levansucrase gene was expressed in
Escherichia coli DHS50. by its own promoter and Jac promoter.
The recombinant levansucrase was produced in soluble form
with 170U of levansucrase activity from 1-ml E. coli culture
broth. The expressed enzyme from the clone showed similar
biochemical properties, such as size of active levansucrase,
degree of branching, and optimum temperature, with P
aurantiaca S-4380 levansucrase.

Key words: Levansucrase, low-branched levan, Pseudomonas
aurantiaca

DFA IV (di-D-fructose-2,6"6,2"-dianhydride 1V} is a non-
reducing and indigestible disaccharide consisting of two
fructose residues, and expected to have novel physiological
functions based on its unique structure [18, 20, 21, 25].
Baik et al. (1997) [2] demonstrated that DFA I and III were
effective by promoting the iron uptake by the brush-border
membrane of mucosal cells from the intestinal lumen of
rats, when the mixture (iron:DFA=1:1, w/w) was used. In

*Corresponding author
Phone: é2»42—863—4381; Fax: 82-42-863-4382;
E-rnail: kim364 1 @mail kribb.re.kr

1999, Saito er al. [19] reported that the apparent calcium
absorption in rats fed with 3% (w/v) DFA 1V was about
20% higher than the control rats. Therefore, DFA IV has
been proposed as one of the candidates for mineral
absorption. The Recommended Dietary Allowance (RDA)
for calcium is 700 mg/day in Korea, requiring intake of
large quantities (700 mg of DFA 1V for daily intake) of
pure and biologically active DFA IV.

During chemical synthesis, DFA IV is obtained as
complex mixtures of isomers of DFAs [20]. Therefore, it 1s
desirable to produce DFA IV by an enzymatic process for
the production of a regio-specific DFA IV. The enzyme
levan fructotransferase is capable of producing DFA IV
from levan as a substrate [20]. In a previous study, we
observed that the levan fructotransferase from 4rthrobacter
ureafaciens K2032 formed DFA IV from bacterial levan
in a significant quantity [25,29]. The drawback of this
process, however, was its low product yield due to the
structure of tevan used.

Bacterial levansucrase (E.C. 2.4.1.10) is an extracellular
protein found in Gram-negative and Gram-positive bacteria
[6, 8, 10, 15, 24]. Levansucrase catalyzes synthesis of levan
from sucrose. The catalysis is mediated by a coupled reaction
of the enzyme through a ping-pong mechanism, including
sucrose hydrolysis and polymeiizing transfer of the fructose
residues produced [5]. Levan is a homopolysaccharide
composed of D-fructofuranosy! residues joined by p-(2,6)
and 3-(2,1) linkages. In some plants, levan is produced as a
prevalent storage carbohydrate, and it was recently found
that a recombinant levansucrase gene expressed in tobacco
gave rise to increased tolerance to drought stress [16].
Plant levans, graminants, and phleins have shorter residues
(ranging from 10 10 ~200 fructose residues) than microbial
levans, of which molecular weights are up to several
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million daltons with multiple branches [10]. Since the
efficiency of final conversion of levan to DFA IV by levan
fructotransferase is significantly affected by the degree of
branching of the repeating unit, a low degree of branching
levan is preferable for DFA IV production [18, 20, 21].
Saito er al. [18, 20, 21] proposed that levan from Serratiu
levanicum is the most suitable substrate for DFA IV
production since the levan from this bacterium shows
a 6% degree of branch. Recently, a levan-producing strain
(Pseudomonas aurantiaca S-4380) was isolated from soil.
The levan from this bacterium had a 6% degree of branch.
Using various levans derived from £ aurantiaca S-4380, Z.
mobilis, and . levanicum, the highest conversion efficiency
of 59% was obtained with P aurantiaca S-4380 levan,
whilst that from S. levanicim was 53% (unpublished data). In
this paper, the cloning, sequencing, and expression of the lscA
gene from P aurantiaca S-4380 in E. coli are described.

MATERIALS AND METHODS

Materials

DFA 1V and levan fructotransferase were prepared using
the method previously described [25]. A silica gel 60 F,,,
TLC plate purchased from Merck (Darmstadt, Germany)
was used for sugar analysis. Unless otherwise specified,
chemicals were purchased from Sigma. Restriction enzymes,
calf intestinal alkaline phosphatase, Klenow fragment, T4
polynucleotide kinase, T4 DNA ligase, and dNTP mix
were from Boehringer Mannheim or Takara.

Bacterial Strains, Plasmids, and Growth Conditions

The bacterial strains and plasmids used in this study are
listed in Table 1. P aurantiaca S-4380 (KCTC 0943BP)

Table 1. Bacterial strains and plasmids used in this study.

was grown aerobically in YPS broth (yeast extract 1%,
peptone 2%, sucrose 5%) at 30°C. £. coli DHS5o was vised
as a host in the cloning and heterologous levansucrase
expression studies, and pET-21a(+) as a cloning vector.
Recombinant E. coli cells were grown at 37°C in LB bxoth
without the addition of carbohydrate. When necessary,
ampicillin was added to a final concentration of 100 pg/
ml.

DNA Manipulations and Reagents

Plasmid DNA from E£. coli was obtained by alkaline
lysis and purified on Qiagen (Hilden, Germany) columns.
Chromosomal DNA isolation, restriction enzyme digestion,
agarose gel electrophoresis, ligation, transformation, restric tion
endonuclease mapping, and PCR were all perfonned as
described elsewhere [17, 22]. After purification of the DNA
product, direct sequencing was performed with an ABI
PRISM BigDye Terminator Cycle Sequencing Ready Reaction
Kit (Perkin-Elmer), as specified by the manufacturer [23].
The DNA fragments were analyzed on an ABI PRISM 310
Genetic Analyzer (Perkin-Elmer). The homology search
and construction of a phylogenetic tree were perforrned
using the DNADIST program (Mac-molly, Mackintosh)
and NEIGHBOR program of PHYLIP 3.5 package [7].

Cloning of IscA.

Chromosomal DNA prepared from the isolated strain was
partially digested with the restriction endonuclease Sau3 Al,
and DNA fragments of 2—4 kb were purified from agarose
gel. The fragments were ligated to the BamHl-cleaved,
dephosphorylated vector pBluescript II KS+ and the
plasmids were transformed into E. coli DH50, which
does not have T7 RNA polymerase. White colonies were
transferred onto M9 minimal medium [22] supplemented

Bacterial strain Relevant cha o Reference
or plasmid racteristics or genotype or source
P. aurantiaca S-4380  Wild-type, Lev™ Unpublished data
E. coli
DH50 supEA4 AlacU169(p80lacZAMILS) hsdR17 recAl endAl gyrA96 thi-1 relA BRL
Plasmids
pBluescript 11 KS(+)  Ap” Stratagene
pBluescript I SK(+)  Ap' Stratagene
pET-21a(+) Ap', a 5.4-kb vector containing an N-terminal T7 promoter sequence plus a C-terminal Novagen
His-tag sequence.
pLK1 Ap; 2.4-kb fragment containing the [scA gene from P awrantiaca S-4380 cloned This study
into pBluescript II KS(+). The gene in this plasmid has the same orientation as
lacZa.
pLKR1 Ap'; 2.4-kb fragment containing the IscA gene from P, aurantiaca S-4380 cloned into This study
pBluescript I KS(+). The gene is oriented opposite to the lucZo.
pELK1 Ap’; 2.5-kb BamHI-EcoRI fragment from pLK1 inserted into pBluescript 1T SK{+). This study

The IscA gene in this plasmid has the same orientation as lacZor.

“Producing levansucrase.
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with 5% sucrose and 100 pg/ml ampicillin. One colony, . ot

with a mucous

of 4,000 colony libraries. This IscA-inserted plasmid was Chat
named pLKI. Subsequently, the orientation of /scA in \w

polymer formation activity in the cell, was obtained out WW At
pLK1 was reversed to produce pLKR1. Consequently, the

Nhol

morphology to indicate the presence of " Bt

s,

o

Bamiil

MCS

IscA in pLK1 had the same orientation as P,, while that in

pLKR! was oriented oppositely. g

1 kb

DNA Sequencing and Analysis
performed using pLK 1 as the template. A pig, 1, Restriction map of pLKRI. pLKRI has 2 2,397 kb insert

Sequencing was

series of nested deletions of the entire 2.4-kb DNA insert
were constructed using an Exo Mung Bean Deletion Kit
(Stratagene). DNA sequencing and analysis were performed

as described above.

Enzyme Reaction

The levansucrase activity in the cell-free extracts and
culture supernatant was assayed using 50-ml Falcon tubes
in a temperature-
mnitiated by adding levansucrase solution (1 or 3 U/ml) to

50 mM sodium

(w/v) sucrose. One hundred pl aliquot was taken at regular

151

MCS

located in the BamHI-restricted site of pBluescript I KS(+).
The position and size of levansucrase gene, oriented in opposite direction
1o the lacZo gene, are indicated by the arrows below the map.

time intervals to check the levan formation. The enzyme

reaction was terminated by the addition of 100l of
50 mM NaOH. Levansucrase activity represented sucrose-
hydrolyzing activity. One unit of levansucrase activity

controlled water bath. The reactions were was defined as the amount of the enzyme releasing one

mmot of glucose per minute. The levan-degrading reaction

acetate buffer (pH 5.6), containing 10% was carried out using 50 ml sodium phosphate buffer (pH

GETTGCCTCCCICCTTTCCCCTTCC TG TCTCTT

TTCTGGARACRTRACTAGCTGARACGTATCAGCTON.

201 GGTGRRATAACTGTATGCACATACAGTATTITTGAT
301 ACCCCATCAACCCAGECTCTGOACTCORG0CATOCOCTGARAGTCCACOCOGACSATECCACCACGACCCAGCCATTGGTCAGTGCGRACTTCCCGGTA
P H G PSL W T RAD &L KV H eopeT TT QP LV SAD F PV
401 AGCAACGAGSTETTCATCTGOGACACCATGCCGCTGCGCGACTT ACATAZCCTCCGTCGATGGTTGGTCGGTGATC TTCACCCTGACTS
5 N E YV F I n F LR DL D I T s DG WSV I FT L T
501 ATCGTCATCCGAACGACCCGGAG CGTCACGGCCGEGCARRGATGTACTA
B 1% R H P DoF 2 N 2 R A KM Ty
501 CTGGTTTTCCCGCACCGGCARGEACTGEARGE TCEETHGCCOGGT, L GGCGTTTCSCCS “TCGCGAATGGGCCGGCACGECGATCCTE
£S KT G K D KL GG ; TAR RE W2 GTFP IL
701 TTGAACGAACAGGGTGACGTGCACCTGTATTACACTGCLGTS: GTGCETGECCOEGTGETCACGACCGAGCATGGCG
LN EQ GOV B L Y YT a¥ T YR GR V VT TE HGE
801 TCAGCATGGTCGGUTTCGAGARGG TCARGCCGCTSTTCGAGGCCG, AAG2TGTACCAGACCGARGCGLAGRRCCCCTTCTEEGGCTTCCGCGATCT
VS'iVGFEKVKPLFEAD ¥ QT EAQC NP FWG FR D P
901 ATSGCCGTTCCGCGACCCCARCGACGGCAAGET GGCCGOTGAACGCGGTTCGCACAAGG TCGGGARRGCGGRAARTC
HPFRDFNDGKL!MLFE RGE RG SHEK VG KA E I
1601 GGCGATGTGCCGCCAGSTTATGAAGACGTCGGCARCTCGCGCTTCCAGH GTGTCOOTATCGCCETGGCCCGCGACGAAGRCGGCGACGACTGGE
G b VPP 6Y EDV GN SR FOT Y61 AV ARD ED GD DWE
1101 AAATGCTGUCGLCGCTGCTGACCGEGEPCGGEETCARCGACCABACCGARCGTCCACACTTCATGTTCCAGGACGGCARGTACTACC TG TTCACCATCAG
M L PP L L TAH VGV HNDOQ TE RBRPFH F VFOQ DGK Y Y L FT 1§
1201 CCACACCTTCACCTATGCCGACGGTGTGACCGGECCGGACOEEETGTACGETTTTGTCOCCEATTCOCTGTTCOGGCCCTACGTGCCGTTGARCGGTTCC
HTE‘TYRDG‘«'TGPDGV'{ ap SL FGP YV PLN G S
1301 GCCTGETECTOGGCAACCLGTC TTCCCAGLCRTTECHGRCCT) GCOCRACGGCCTSOTGACCTCCTTCATCGRTAGCGTACCGA
: s so F FCT Y
121 CGCETCESGIG
i F 1 5 G
1801 ¢ SGATGTAACGC TCRRGTAATAG
L L v T L K *
1691 CCTGGCTCACTGOGAC TTTGCTCAGGAGE
1701 JGGTCAGCTCCCAGTCTTGACCTTGCTCCAC
1801 \GCOTCGCCATCACTTCTGCRGACGGATAGACCCCAGGGTTGTCGCGGA
190) TCTTCTGGGCCACARGTGC TCGCZ\TCGCGGTTGG"GTTG(‘G TAGCCCAGGTAGTCGGRAGACTGEGCAATCACTTGCGGGCCCAGCAGGTARTCGAT
2001 GAACTICAGECCGTCCTGOGGATOCGECGTATCOTTGAGCAGCACCAGSTTTTCEACCEAGACCGECICGCC TTCGCGGEGARTGCTGTAGACCAGATGS
2101 CGCCCATTATTGGCCTTCTGCGAGGCGACCTOGGCATCOAATACCCCTCCGCTCCAGCCCAGCACCACACAGATGTTGCCGTTGGCCASGTCAGTGATGA
2201 RATTTCGACGAGTCGAAGTAGCGARTATGCGGCCGEACCTTOAGERACAAGELCTCEECCTTCT TSTAGTCCTCGGGGTTCTEGCTGTTGTAGGGCAGGEC
2301 CAGGTARTGCAGGGCGATGGGGRTGATT TCACTCGGAGCATCGAGCATGGLGACACCACACTGGCTGAGC TIGGCCAGGTTCTC TTCCT TGAAGATC

Fig. 2. Nucleotide and deduced amino acid sequence of the IscA gene from P, aurantiaca S-4380.

5.8) containing 5% (w/vol) levan and 10U of levan

Nucleotides and amino acid residues are numbered on the left and right, respectively. Putative promoter sequence and ribosome-binding site are marked.

Two termination codons are indicated with a2 “ & ™ mark.
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fructotransferase at 37°C for 60 h with gentle shaking. One
unit of enzyme activity was defined as the amount of
enzyme releasing one mmol of sugar equivalent to glucose
per min. The reaction products were analyzed by TLC, as
described previously [31].

Analytical Methods

During batch cultivation, cell growth was monitored by
measuring the OD,,,. Protein samples were analyzed by
electrophoresis on SDS-PAGE gels containing 10% (w/v)
polyacrylamide, as described by Laemmli [14]. The gels
were stained with Coomassie Brilliant Blue R-250 (Bio-
Rad). The protein bands on the SDS-PAGE gels were
densitometrically quantified (Bio-Rad Laboratories, U.S.A.).
The amount of protein was determined with a protein
assay kit (Bio-Rad), using bovine serum atbumin as the
standard [4].

1
SLWTR'\L\ E
¥

Psa-Lsc
Psp-Lsc
Fsg- LS~_
Pa-Lsra
Ea-Lsc

RESULTS AND DISCUSSION

Selection and Identification of Bacteria

About 250 isolates showed sucrose-hydrolyzing acti vity
on sucrose-containing agar medium. Based on the
migration rates and sugar compositions of the products
on TLC analysis, 8 colonies from the above isolates
were isolated as producers of levan from sucrose. Strain
no. S-4380, which showed relatively high activity and
produced the enzyme in a stable manner, was selected
for further experiments. Phylogenic analysis with the
16S rRNA sequence showed that the microorganism
shared a 99.7% sequence homology with P aurantfaca
ATCC 33663T (data not shown). This strain was narned
as P aurantiaca S-4380 and registered in the Kotean
Coilection for Type Cultures {(KCTC) (reference number
0943BP).

I1
FIW DTHPLR
THF IV T

S 47a%

Zm-LevU DTWP LR
Rx-Lsc BVIDQDVHOW DTGSLRERITG ETVKENDU
e P L .
Fsa-Lsc FERTGKDHKL GG
Esp-Lsc KTGKDEIF GG
Fsyg-lsc LDDQLVSANL TGKDWIF GGRY <
Ra-Lszk 6 NNSEYLDAEG HNi RTGKDWIF GGRYMAEG ILLNEDPGDID
Ea-Lsc 78 ENPQFQDENG YSRTGKDWIF GGRVMAEGVA ILEND
Zm-LevU 78 Y---- RGGSNWIF GGHLL AN
AxX-Lsc 33 TGD-TV-E-G {~RN~JIDWTF GGRLLQKc o
* ‘ e ee o7
Psa~Lsc 152 LYYTAVTPGA GRVVTTEHGV SMVGFEKVKF LFEADGKMYQ RDPWPFRDPN
Psp-Lsc 182 LYYTCVTPGR GRIVTSDQGV ELKDFTQOVKK LFEADGTYYQ RDPSPEHILEN
Psg-lLsc 148 LYYTCVTPGA 2 GRIVTSDKGV ELKDFTEVKT LFEADGKYYQ RDPSPHIDPN
Ra-LsrA 148 LYYTEVTPGA GKVLTSEEGY TLAGFNEVKS LFS:\DCV’ {YQ RDPSFEILPH
Ea-Lsc 146 LYYTGVTPGA SLEGFQQVTS RDESPEIDRI
Zm~LevU 133 EVFFTSVNDT WELGFDPKVTD VEITPK
Ax-Lsc 143 DMEYTSYNTD I hKIFCH“E‘\\, WFEGFSKTVE FLATRA
v T e : : .
Fsa-Lsc 218 DBKLY-MLFE GNWAGERGSH KVGKAEIG-D --VPEGYEDV GNSRECTECY GIAVARDED-
Psp-Lsc 228 DBKLY-MVFE GNVRGERGSH TVGAREL ~~VPPGHEDV GGARFQVGCL GLR\'AKDL)’
Fsg-Lsc 212 DRKLY-MVFE GNVAGERGTH TVGRAELG-P --VPPGHEET GGARFOVGCI
Ra~Lsr®d 212 DEKLY>MVFE GNVRGERGSH VIFKQEMG-T --LPPGHRDV FNRR\’“\GCI
Ea-Lsc 212 DPKLY-MLFE GNVRGPRGSH EITQAEMG~N ~~VPPGYEDV
Zm-LevU 203 IGKTY-ALFE GNVAMERGTY AVGEEEIG-P ~-VPPKTETP --RTE
Ax~Lsc 210 DEKIYPCLFE GNVIPGVRGKF TLHDAEIGAP SCVPPGYTPA ! EKGDFSRUNE
sy I s R w h
vI * * Vi1 VI1I
Psa-Lsc 278 [EMLPPLLTAV GVNDQTERPH FVFQPGKYYL FTISHTFTYA]DGVTGPDGVY GFVADS-LFG PYVPLNGSGL
Psp-Lsc 287 [EILPPLVTAV GVNDQTERPH YVFQPGKilYL FTISHKETYA)EGLTGPDGVY GFVGEH-LFG PYRPMNASG
Psg-Lsc 271 {EILPPLVTAV GVNDQTERPH YVFQOPGKYNL FTISHKFTYA|DGVITGPDBGVY GFVGEH-LFG PYRPMNASG
Ra-LsrR 271 [EILPPLVTAV GVNDQTERPH EVFQDGKIYL FTISHKETYA|DGLI'GPDGVY GFLSDN-LTG PYSPMNGSGY
Ea-Lsc 271 IQILPPLITAV GVNDQTERPH FVFOPGKYNL FTISHKYTFA|DNLIGPDGVY GFVSDK-LTG PYTPMNSSGI
Zm-Levl 262 {KLLPPLVTAF GVNDQTERFH VVFQNGLIWL FTISHHSTYA|DGLSGPDGVY GFVSENGIFG Pl'EPLNGSGﬂ
Ax-Lsc 280 [TLLPALVTAL GVNDQTER-H VVEKPHYT[YI FTISHHSTYT]|GDS{IGPDGVY GEVSEMNGIFG PYEPLHASG
S T S ST TIVTY ¥ T S AT
. . . . e
Fsa-Lsc QTYSHCVMPU GLVTSEIDSV PTDESGTQI- CQTFYVREYL
Fsp-Lsc k N GLVTSFIDSV FT‘E~-GED[» GTE E
SLYTSFLIDSY
GLVTSEIDHY
Zm-Levy B3EDENV~Y
Ax-Lsc EAPGSTDREON P
* e
Fsa-Lsc 424  Pseudomonas auranciaca S-13890
Psp-Lsc S 431  Pseudomonas sy
Psg-Lsc 415 Pseudcmonas syringae pv.glycinea
Ra-Lsra 415 Rahpells aquatilis
Ea-Lsc 415 Erwipie amylow:
Zm-Levl S 408 Zymomonas mobilis
Ax-Lsc 417 428  Acetobacter xylinum

YGQIFANKEW N§-
P

Fig. 3. Multiple alignment of the deduced amino acid sequences of Gramm-negative bacterial levansucrases.

Origins of levansucrases are indicated at the ends of the sequences. Asterisks indicate identity and dots indicate conservative changes (S-T-A, L-V-I-M. K-
R. D-E, Q-N, F-Y-W). Key amino acids for the enzyme activity are put in the box and numbered from I to VIII. Conserved acidic residues in bacterial

fructosyltransferases are shown in bold letters.
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Sequence Analysis of the IscA Gene

The entire nucleotide sequence of the inserted 2,397-bp
BamHl DNA of P aurantiaca S-4830 on pLK! was
determined, using plasmids produced by the unidirectional
deletion reactions on both strands. A large open reading
frame (named as IscA: GenBank accession number
AF306513) was found in the sequenced region (Figs. | and
2). The IscA gene was composed of 1,275 bp encoding a
protein of 424 amino acid residues with an estimated
molecular mass of 47 kDa. This was in agreement with the
molecular mass measured by SDS-PAGE analysis. The
IscA gene was preceded by a potential ribosomal binding
site, GAGG, at 9bp upstream from the start codon. In
comparison with the consensus promoter sequences of
E. coli, a potential promoter (-35,TTGACC and -10,
TAAGGT) was identified upstream of the initiation codon.
The coding region of the /scA gene ended with two
adjacent termination codons, TAA and TAG.

The deduced amino acid sequence of P aurantiaca
S-4380 was aligned with those reported for other Gram-
negative bacterial levansucrases (Fig. 3). The LscA protein
was found to be highly identical with levansucrases from
other Gram-negative bacteria, including Pseudomonas syringae
pv. phaseolicola (73%), P syringae pv. glycinea (72%)
[11], Rahnella aquarilis (72%) [30], Erwinia amylovora
(71%) [91, Z. mobilis [28], Acetobacter xylinum (39%)
[32], and Acetobacter diazotrophicus (25%) {1]. On the
other hand, the LscA protein was only 17-19% identical
with Ievansucrases from Gram-positive bacteria such as
Bacillus amyloliquefaciens (19%) [33], Bacillus subtilis
(18%) [8], and Bacillus stearothermophilus (17%) [15].
Multiple alignment of the deduced amino acid sequences
showed that there are eight conserved regions in the lscA
from P, aurantiaca S-4380 [24, 28]. The conserved regions
are thought to be important for their enzymatic activities,
i.e. sucrose hydrolysis and subsequent transfer of fructose
to the proper acceptor molecule. On the other hand, the
cloned IscA showed two gaps in the alignment, which
suggests a different property.

The acidic residues, Asp and Glu, have been found
to be responsible for catalysis in the majority of the
fructotransferase and levanases studied to date, acting either
as proton donors or as nucleophiles [3,27]. Five well-
conserved motifs containing acidic residues were found on
aligning levansucrases from Gram-negative bacteria [3]
(which are shown as bold letters in Fig. 3). Among these, it
was considered that the Asp residue in the RDP motif in
the fourth conserved regions was a putative catalytic
residue and may be responsible for the formation of a
covalent fructosyl-enzyme intermediate with sucrose [3].
The Glu residue (bold) in the sixth conserved region,
which is invariant in levansucrases and glycosylhydrolases,
was suggested to be a component of the active center in
enzymes of the glycosythydrolases families [12].

LEVANSUCRASE GENEFRONM P AURANTIACY 607

Expression of IscA in E. coli

The I[scA expression in E. coli was monitored through
enzyme assay and SDS-PAGE analysis over the time
course (Fig. 4). Thus, the £. coli DHSo containing pLK 1
was cultured as described in Materials and Methods and
harvested at various growth phases. A dense protein band
that was absent in the £. coli control (pBluescript KS or
pBluescript SK) was detected in the position corresponding
to about 47 kDa (data not shown). Although no signal
sequence was found in the deduced amino acid sequence
of P aurantiaca levansucrase (Fig. 3), a large quantity of
enzyme was found in both the periplasm and cytoplasmic
space of the recombinant E. coli DH5a (pLK 1), indicating
that the levansucrase might possess another secretion
system (data not shown). Since the bacterial levansucrases
are known to be extracellular proteins, the possible secretion
mechanism of P qurantiaca levansucrase might be independent
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of a signal peptide. However, further investigation is
needed.

The gene on pLKI has the same orientation as on the
lacZa and was constitutively expressed in E. coli without
any IPTG addition (Fig. 4A). The production of levansucrase
in E. coli containing pLK ] progressively increased as the
cultivation time increased, reached to 170 U/m! of culture
broth after 16 h of cultivation, and began to decrease
thereafter. By SDS-PAGE analysis, it was revealed that
prolonged cultivation of E. coli containing pLK1 for more
than 16 h increased the ratio of insoluble aggregate (inclusion
body) over the soluble fracton, as described by Song and
Rhee [29]. To determine whether the expression of the
levansucrase-coding IscA gene was led by its own
promoter or not, the plasmid pLKRI, in which the /scA
gene was orientated in the opposite direction on the plasmid
pBluescript II KS™, was constructed as a counterpart of
pLKI (Fig. 4b). The gene on pL.LKR1 had the direction
opposite to the lacZor and was expressed in a growth phase-
dependent way (Fig. 4B). Interestingly, the IscA expression
was repressed during the early-phase of cell growth (0—
8.1 1), initiated at the mid-log phase (8.1-10.0 h), and
significantly increased during the late-phase, suggesting
that its natural promoter exists in the upstream region and
works on the recombinant plasmid in the E. coli strain
(Fig. 4B). This growth-related expression pattern by its own
promoter is different from the general constitutive expression
of Gram-negative bacterial levansucrases [24].

To identify the recombinant levansucrase activity, a cell-
free lysate of E. coli harboring pLKR1 was analyzed by
enzymatic reaction, as described in Materials and Methods.
The levan produced in the present work was used as a
substrate for enzymatic production of DFA 1V by levan

2 3 4 5 6

Fig. 5. TLC analysis of reaction products from levan produced
from cell-fiee extracts of E. coli DH50. (pLKI) and levan
fructotransferase.

Lanes | and 7, levan-otigosaccharides standard generated by partial acid
hydrolysis of levan. The numbers on the left indicate the number of
fructose; Lane 2, authentic DFA IV, Lane 3. the levan produced from E.
coli DH50. (pLKR1); Lane 4, the reaction products of levan
fructotransferase with levan (lane 3): Lanes 5 and 6. acid hydrolysis
products from levan (lane 3} and DFA IV (Jane 4).

fructotransferase (Fig. 5). A product corresponding to DFA
1V (lane 4 in Fig. 5) was detected as a main product when
the levan fructotransferase and levan derived from the cell-
free lysate of £. coli harboring pLKR!I were reacted (lane
3 in Fig. 5). The sugar compositions of the products (1anes
3 and 4 in Fig. 5) were analyzed after acid hydrolysis for
1 h at 100°C with 1% oxalic acid; fructose was the only
sugar detected by the reaction of the two products (Tanes
3 and 4 in Fig. 5). The identity of DFA IV was confirmed
by "C-NMR analysis, as described previously [25]. From
these results, it could be concluded that the recombinant
levansucrase obtained in this work had a potency equivalent
to the potency of material produced by P. aurantiaca S-
4380. According to Saito and Tomita [20], levan produced
by S. levanicum was the most suitable substrate for DFA
IV production [13]. In a previous report, it was found that
the conversion yield from levan to DFA IV by levan
fructotransferase was similar (53% in S. levanicum and 59%
in P aurantiaca S-4380) (unpublished data). Therefore,
the recombinant levansucrase from this work can be used
for large-scale DFA IV production. In addition, since E.
coli DH5a containing pLK1 produced active levansucrase,
it was concluded that the promoter and ribosome-binding
site of the P aurantiaca S-4380 levansucrase gene were
recognized in E. coli. A study on the details of the upstream
region of the IscA gene is in progress. Also, a way to
secrete the recombinant levansucrase by genetically modified
IscA or by modification of the cell surface structure of
E. coli is currently being explored. This will be useful for
industrial production of DFA TV.
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Abstract

This study described the effect of levan (B-2,6-linked fructose polymer) feeding on serum lipids, adiposity and
uncoupling protein (UCP) expression in growing rats. Levan was synthesized from sucrose using bacterial
levansucrase. UCP is a mitochondrial protein that uncouples the respiratory chain from oxidative phosphorylation
and generates heat instead of ATP, thereby increase energy expenditure. We observed that 3% or 5% levan
containing diet reduced serum triglyceride levels, visceral and peritoneal fat mass and induced the UCP expression
in rats fed high fat diet in previous study. To determine whether the intake of low level of levan may have the
hypolipidemic and anti-obesity effect, 4 wk old Sprague Dawley male rats were fed AIN-76A diet for 6 wk, and
sub-sequently fed 1% or 2% levan solution for further 5 wk. Intake of 1% levan in liquid form reduced serum
triglyceride and serum total cholesterol levels to 50% and 66% of control group, respectively. Although epididymal
and peritoneal fat masses were not affected by levan feeding, visceral fat mass was lower in 1% levan group
compared to control group. The expression of UCP2 mRNA in brown adipose tissue, skeletal muscle and
hypothalamus and UCP3 mRNA in skeletal muscle were not changed by levan feeding, while the UCP2 mRNA
in white adipose tissue was up-regulated by levan feeding. In conclusions, intake of low level of levan solution
reduced serum triglyceride and total cholesterol, restrained the visceral fat accumulation and increased UCP
expression in white adipose tissue in rats. This study suggests that hypolipidemic and anti-obesity effect of levan
attributed to anti~lipogenesis and inefficeint energy utilization by up-regulation of UCPs.

Key words: levan, serum lipids, fat mass, UCP expression

MB sl Fok1,2). w8 wu], A, Fobgg, Ad8A 24, 4

< ogad 5o A% AYES YR A A dE &

Hol Afra, B3 84 o] Hfae €5 TH2dE ZA7tell folgh ojel Al Al Axpg vehdle e R 4= A
3 FAA Y sl Zopell digk wao] Fold rhz shew), ek,

AT 83 A" 4 A 399 AAA S Holg slsA zZgete metg =7 B-2,1) AT ez A% o]l R ¥ in-

AE 2A F shdrb dasid g el fructan)ol oi(]), xak ulin-type) Zeets} zetg =71 p-(26) Aiteo g A o

B2 Ao Ye] Sajshe Eé,* 29 2%} A (fructose po- w3 (levan-type) Zatero 2 259 £ 9lod@). ol gH L& F

lymen) 2 A 3131938 79 gl o] A Fofl 3] o] 85 o] 2y FErF20~6022 At 223, ofs, chebelo} 59 A
vls ol ade] AL 221472 A o] FFo) o) A2 o] walol M 2250 FEE} 2008l o] EH L Xte

‘%_Hﬂ 284t short-chain fatty acids, SCFA) A& 241 4] 22} 7 (fructooligosaccharide) £ A HehH4). ol s} =&
Aoz ¥ Zed2dg o A AEES e o) Egelnd 5 A sigolad 5o wl4Eel s “a}l

'Corresponding author. E-mail: sakang@khu.ac kr
Phone: 82-2-961-9224, Fax: 82-2-961-9214

- 118 -



Z)

HMew dut FH0) €F A4

Hol 3 AU e A7 dehdicky B 75 AHE6).
=, o) EUY Zaad Akl o ol AR FA4
2 AF F7HE AASR(78) YA ATl AR BFE f_-‘
Aste A22 ¥ase|(9) Zaete) 3 vt fw 7p5A
A A st e},

2 Ztetal #luk(Fig. )2 A &)

o -} A3} wha]o)
X EAsh debe 2 88 vl 429 levansucrased] 2] A
A5 (10), 244 o1 e 2 Bajekd vla H e
by vEA AL T el 715 AT 2z

7FsAdS BodFa glek(il).

olw®e] Alela] Axol gk oA 1E-S pho] M yE o] gho
v #jure] Aol gk o3 7= o} nlulsich A Y °3:|L (12)
oA maju} Aol 2 nite] H x5l I of A Hubg Alo] T
2] 3% wv 5% 2 AAAA S of, HrTe] 0% FFEo2 A
F4 Aol aste Aot vebgn, Alukg Ale] F5%8
AHAARE o, Axgn €4 dd o) Fasts A2

‘1 54

e

Al
il

LT3

AgzAeld ulg £2 80 YL AL 227
T oA 2188 FAA A Ak 2 AF 2ol
oy 7 0.2 delA gleh(13). £, o EEzelol ol

Z2 3= A 9 UCP(uncoupling protein) ol E&x2)o}
ot Abgla] <lakst o) o s A= protong ATP =4l
A2 DABAA A 2v]EE ST oo 2 vzt
digel] B35 7} AT ¥alck1415). W wkge) 5

S ael 2R 22 ofj 4] LA F = UCPL 9ol 71k
A= UCP7} A= e, WA= 22 28 o 7}
Aol Gl stAl 2= 9l UCP22} 2504 2

o
8
Z3)
=

[s)

9 Ay

A H = UCP37F UCPL S @74 oVl 2] diAbE 24 8te 1o

2 BaEAcH16,17).
Alg) dqolla 3%
ZA 7} 52 UCP mRNA ¥
o] AAls . At AlE z:27]7} 7} =
UCP 2483 3718 vIAZ 3ted o) iﬂl%
g w232 el 5 5leS AARR
£ A= a8 d712)9) 3% enﬂ& 4 o] w2 1%,

ORI

4 \
” CHzOM M %

o] dnkg G A 24 A
Fae 27ksh @A AR 57
s Ashe Ay 4307}

ZF7HA171a

r
e

-—

\\
F "

oH H oH H

Fig. 1. Chemical structure of levan.

”

i / CH20H H\}.
)

oH

—_ °
¥,
/]
/ \
' CH20H H

H H

ol ¥
33

A 789

34 2 UCP #alel vl
2% a4 & A2 Fol Aol hehbt ARE Yoy 1
A g Alo) 2 EFshe A A4 Aol F TRehA A
& A7 Felaole o §F AU A Y4, 4D ¥ 5,
UCP &l o13)= A5 dopr.aa}l et

ol d
x O

tH
=]

M=z

AHES AT Y Aol
2 o 7o 4= 358 Sprague-Dawley £ £3R 835 54
APETA A Flste] 15797 4340 F AY 58 ¢4
F v 1053712 657 AIN-T6A Al°l(AIN-T6A diet
#100000(Dytes Inc., Bethleham, PA, USAJZ AF&-3stslch
(Table 1). 1073 %] 557 2-& Ao 2 s A2
Zk7} 09, 1%, 2%(W/V) ¥ 22 SFF 5o A8 5E N H
3 2mL FT-Folste A ?(C ), 1% #MHHCHLD), 2%
FA(CHL2 2.2 sldc) ke 480 vhEel 2 mL
off Fejgleng &% *—M A 20 g8 71 TR
A At 2o ek 7k2t 20 mg/day, 40 mg/day 7t H ™
&Aool Exsle] U *l ol g U e 5%
2 oo #Hukg olch #ub TF A 10532
£ 7154 (baseline). > 2 st v} Aol AH4-3) At
gjduto] e e (FFAF-F eI 2, i) =]

] oi A!ALKP x«]] Ze —T'—Jtﬂ»

a® aly 3
olr
=

£

"1_
A

Y

k]

£,

2% 7

A4

a1
)

ol
=y

o wx hu
N o‘-ﬂ

~ o

)

ymomonas mobilisE

o%
o
N

Table 1. Composition of experimental diets”  (g/kg diet)
Ingredients AIN-T6A diet
Casein 200
DL~-Methionine 3
Comn starch 150
Sucrose 500
Cellulose 50
Comn oil 50
Salt mixture H
Vitamin mixture 10
Choline bitartrate 2

“Normal diet: AIN-76A diet #100000 (Dyets Inc., Bethlehem,

PA, USA).
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Levan consists of B-D-fructofuranosy! residues linked predominantly through B-(2,6) linkage and the branch is connected to the main

chain by a B-(21) linkage: the branch then continues with B-

(2.6)

linkage
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Tabte 2. Daily food intake, weight gain and food efficiency
ratio (FER) of experimental animals
Food intake Weight gain FER

{g/day) (g/day)
10 wks baseline  2337£377" 601103 026410048
Control 24965137 313+076  0.125+002
1% levan 2068+£1.168° 2861029  0.130+0.021
2% levan 2009%2.13"  295+084 013610027

UValues are mean=SD

IStatistical analvsis was performed using one-way ANOVA
followed by Duncan's Multiple Range test. Values within a col-
wmn with different superscript letters are significantly different
from each other at p<0.05 by Duncan's Multiple Range Test.
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Fig. 2 Effect of levan feeding on serum glucose, total cholesterol, HDL-cholesterol and triglyceride levels.
Values are mean®SD. Different letters indicate significant difference (p<0.05) among groups by Duncan’s Mutiple Range Test.

C: Control diet. C+L1: Control diet+1% levan, C+12: Control diet-+2%

Table 3. Effect of levan feeding on adipose tissue mass

Jevan

(mg organ/g BW)

Brown adipose tissue

Epididymal fat

Peritoneal fat Visceral fat

10 wks baseline 0.742£0.236" 898%1.57 10.08£2.27 10.07£557

Control 0.781 +0.167 19.37+5.42 24.21+8.32 3521894
1% levan 0.727£0.139 1654+ 4.34 21.02+561 21.02+4.01°
2% levan 0.781 £0.107 19.79+559 25.32+3.80 22.24+5.32°

1
Values are mean = SD.

PStatistical analysis was performed using one-way ANOVA followed by Duncan's Multiple Range test. Values within a column with
different superscript letters are significantly different from each other at p<0.05 by Duncan’s Multiple Range Test.
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Fig. 3 Changes in UCP mRINA expression in brown adipose tissue(BAT), skeletal muscle and white adipose tissue(WAT) by dietary

levan.
A, mRNA levels of UCPI, 2, and 3 in BAT; B, mRNA levels of UCP2 and 3 in skeletal muscle or soleus; C, mRNA levels of UCPZ in

WAT or epididymal fat pad; D, mRNA levels of UCP2 in brain (hyvpothalamus). Quantitative RT-PCR was used for the mRNA detesmination.
C: Control diet, C+L1: Control diet+1% levan, C+L2: Control diet+2% levan,
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mitochondria. \We isolated subsarcolemmal (SSM) and interfibrillar
(IFM) mitochondria from rat hearts and incubated them with substrates
and cofactors of ACC2 (acetyl-CoA, ATP, HCOy, and citrate). The
formation of malonyl-CoA by isolated mitochondria was assessed by a)
quantitating malonyl-CoA using a newly developed HPLC-ESI/MS/MS
method, and b) determining the activity of CPT-1.

Our data show: a) both SSM and IFM readily catalyze the formation of
malonyl-CoA; b) malonyl-CoA formation is absolutely dependent on
acetyl-CoA, but independent of citrate; ¢) maloayl-CoA formation is to a
variable degree dependent of exogenous ATP; and d) the produced
malonyl-CoA strongly inhibits CPT-1.

In summary, rat heart mitochondria readily synthesize malonyi-CoA
from exogenous acetyl-CoA and the CPT-| activity of such mitochondria
is dramatically reduced. These data suggest a possible channeting of
malonyl-CoA between ACC2 and CPT-1.

NIH Grant POL AG 15885 and VA Medical Research Service.

577.9

Role of peroxisome proliferator activated receptor a (PPARa) in
adaptation to fasting in a pig model

Yewon Cheonl, Matthew A. Wallig!, Mark R. Band’, Jonathan E.
Beever’, Manabu T. Nakamura'. "Nuteitional Scicnces, University of
1Ninois at Urbana-Champaign, 905 S. Goodwin Ave., Urbana, IL 61801,
Biotechnology Center, University of illinciz at Utbana-Champaign,
Urbana, IL, JAnimal Sciences, University of lllinots at Urbana-
Champaign, Urbana, IL

PPARa, 2 key regulator of fatty acid oxidation (FAO), is essential for
adaptation to fasting in rodents. However, the role of PPARe in non-
rodents, including humans, is controversial because PPARa ligands
cause peroxisome proliferation and tumor development in rodent liver,
but not in other species. To elucidate the role of PPARa in noa-rodents,
we compared the effects of fasting and clofibrate (a PPARa ligand) on
gene expression in pig liver. Microarrays were performed for FA
(weaned pigs fed control diet for | wk, killed afier 24hr fasting) and CA
(0.5% clofibrate for I wk, kitled in fed state) compared against FE
(control diet for 1 wk, killed in fed state). As in rodents, FA induced
genes involved in mitochondrial FAO (HADHA, ACADM, CPT1A) and
ketogenesis (HMGCS2) in pigs. Those genes were also induced in CA,
indicating PPARa mediates the induction. Neither FA nor CA affected
genes related with peroxisomal FAQO (ACOX, EHHADH), microsomal
FAO (CYP4A11) or peroxisomal proliferation markers (ABCD3, CAT).
Histology confirmed no significant peroxisome proliferation nor
hepatomegaly in CA, PPARa mRNA levels were similar between pigs
and rodents, suggesting PPARa protein is similarly expressed in both
species. In conclusion, PPARa is likely to play a central role in
adaptation to fasting in pigs by inducing mitochondrial FAO aad
ketogenesis, while peroxisomal response, seen only in rodents by
PPARa ligands, may be a pathological response uarelated to the
adaptation lo fasting.

577.1¢ .

Regulation of highly unsatarated fatty acids (HUFA) synthesis: a
new physiological role of peroxisome proliferator-activated receptor
a (PPAR«q) :

Yue Li. Takayuki T Nara, Magabs T Nakamura.-Food Science and

"Human Nutrition, University of Hlinois at Urbana-Champaign, 905 S.

*Goodwin Avenue, Urbana, IL 61801 R

**A 6 Desaturase (D6D), the rate-limiting enzyme for HUFA 'synthesis, is
induced by sterol regulatory element binding protein {¢ (SREBP-1¢, a
key activator of lipogenic genes) when HUFA is low. Paradoxically,
PPARa ligands that trans-activate fatty acid f-oxidation enzymes also
induce the D6D gene. The objective of this study was to investigate the
role of PPARq in D6D regulation under essential fat deficiency (EFD).
Wild type (+/+) and PPARa null (/) mice were fed control (7%
soybean oil) or EFD (7% triolein or fat-free) dicts for 1 week. Liver
MRNA and protein were analyzed. Compared to the control diet, D6D
mRNA was induced in (+/+) under EFD, while this induction was
abolished in (-/-), indicating that PPAR is required for D6D expression
under EFD. Next, we tested if SREBP-1c was lower in (-/-) than (#/+)
under EFD. Western blot analysis revealed that SREBP-lc puclear
protein increased cqually under EFD regardliess of the genotypes,
indicating that increased SREBP-l¢ alone was not sufficient, and
PPARa must be present, to induce D6D uader EFD. We then examined

expression of PPARa responsive genes. Acyl-CoA  oxidase, L
bifunctional protein and CYP4A10 mRNA were all induced in (+/+
under EFD, suggesting that EFD pgencrates endogenous PPAR.
ligand(s), which induced these PPARa responsive genes. Our stud
suggests that PPARg, logether with SREBP-lc. acts as a sensor o
HUFA status and mediates feedback induction of D6D v hen HUFA i
Jow. Supported by American Heart Association.

577.11

D28 Activation Does Not Down-regulate Cbl-b Expression in Age«
Rat T-lymphocytes

Zhea Xul, Christopher A Jolly’. 'University of Texas at Austin,
university station, A2700, Austin, Texas 78712, *Human Ecology, The
University of Texas at Austin, 1 University Station - A2700, Austin
Texas 78712

Tt is welt known that T-lymphocyte proliferation declines ex vivo with
age, and is associated with decreased expression and/or activity o:
stimulatory intracellular signaling proteins.  However, the role o:
inhibitory intracellular signaling molecules like the ubiquitin tigase Cbl-
b in regulating T-lymphocyte function in aging is largely vnknown.
Therefore, we tested the hypothesis that T-lymphocyte proliferatior
declines with age, in part, due (o increased expression o Chl-b. W
show that young splenic T-lymphocytes reduced Cbl-b expression wher:
stimulated with anti-CD3 and anti-CD28 antibodies, while in aged T-
lymphocytes the CD28-dependent Cbl-b down-regulation did not occur.
This effect did not appear to be due to reduced CD28 receplos
expression on aged T-lymphocyte. The mechanism for lack of Cbl-b
down-regulation may involve the proteasome since blocking
proteasomal activity in young T-lymphocytes prevented Cbl-b down
regulation while there was no effect in aged T-lymphocytes on Cbl-b
cxpression.  These data provide evidence for a novel mechanism by
which aging reduces T-lymphocyte function. This work was supported
by NIH RO 20651 (CAJ).

577.12

Mitochondrial GPAT Activity is Reduced in Aged T-lymphocytes
Lauren E Westl, Jens Knudsen’, Christopher A Jolty’. 'Human
Ecology, University of Texas at Austin, 1 University Station A2700,
Austin, Tx 78759, 2Biochemistry, Odense University, Odense, Denmark
Denmark, *Human Ecology, The University of Texas at Austin, 1
University Station - A2700, Austin, Texas 78712

Decreased T-lymphocyte proliferation is correlated witl: decreased
membrane fluidity, however the mechanism(s) are relatively unexplored.
Acyl-CoA binding protein (ACBP) binds acyl CoAs and rcgulates
ceflular functions such as adipocyte differentiation, proliferation and
phospholipid metabolism in vitro. Recently, we have shown that aging
results in a decreased glycerol-3-phosphate acyltransferase (GPAT)
activity in T-lymphocyte whole membrane fractions and liver
mitochondria. Therefore, we wanted to determine if the age-dependent
Joss of T-lymphocyte GPAT activity is due to changes in mitochondrial
or microsomal GPAT activity. Male, 6 month old (young) and 18-20
moath old {old) Sprague Dawley rats were sacrificed and their splecas
aseptically removed. Splenic T—cells were stimulated with anti-CD3
antibody, and mitochondrial and microsomal fractions were isolated.
Phosphatidic acid (PA) biosynthesis was measured with and without
ACBP. We found that in young T-lymphocytes, stimulation and ACBP
treatment increased mitochondrial, but net microsomat GPAT activity.
Furthermore, aging blunts the -effect of stimulation and reduces
mitochondrial GPAT sctivity, while aging has no effect on microsomal
GPAT activity. Our results indicate that the age-dependent loss of T-

" iymphocyte proliferation rmay be due, in par, to reduced mitochondrial

GPAT activity. This work was supported by NIH RO1 20651 (CAD).
577.13

Altered mRNA Expression of hepatic lipogenic enzyme and PPAR a
in rats fed dietary levan

Soon Ab Kangl, Kyunghee Hong?, Ki-Hyo Jang’, Jae-Cheol Lee’,
Byung-il Chang’, Seong Kyu Park’, Duk-Kyun Ahn’, Joon Sik Shin’.
'Dept. of Molecular Biotechnology, Konkuk University, Hwayang-dong,
Gwangjin-gu 143-701 Hwayang-dong, Gwangjin-gu, Seoul, 143-701
Korea, Republic of, 2Asan Institute of Life Science, Seoul, Korea,
Republic of, *Dept. of Food & Nutrition, Samcheok National University,
Gangwon, Korea, Republic of, ‘RealBioTech Co. Ltd, Tacjon, *Dept. of
Prescriptionology, College of Oriental Medicine, Kyung Hee University,
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Seoul, *Jaseng Research Institute of Biotechnology & Bioscience, Seoul,
"Hospital of Jaseng Oriental Medicine, Seoul, Korea, Republic of

The peroxisome proliferator-activated receptor a (PPAR a) are a
transcriptiona! factor that participate in aspects of lipid catabolism such
as fatty acid uptake through membranes, fatty acid binding in cells, fatty
acid oxidation and lipoprotein assembly and transport. Levan, or high
molecular-mass B-2,6-linked  fructose  polylmer is produced
extracellularly from sucrose-based substrates by bacterial levansucrase.
4 wk Sprague Dawley male rats were fed high fat diet (beef tallow, 40%
of calories as fat) and 6 wk later, rats were fed 0%, 1%, 5% or 10%
levan supplemented diets for 4 wk. The mRNA expression of hepatic
fatty acid synthase and acetyl CoA carboxylase, which are the key
enzymes in fatty acid synthesis. was down-regulated by dietary levan.
However, dietary levan not affected the malic enzyme, phosphatidate
phosphohydrolase, HMG CoA reductase gene expression in liver. In
addition, hepatic PPAR a mRNA expression was up-regulated by dietary
levan, dose dependently. This suggesis that, in vivo, the hypolipidemic
effect of dietary levan may result from the inhibition of lipogenesis and
stimulation of lipotysis accompanied with gene expression regulation of
hepatic lipogenic enzyme and PPAR a. Anti-obesity and lipid-lowering
effect of levan may involve the transcriptional regulation via activation
of PPAR system.

577.14

Potential Role for Protein Kinase C theta in Regulating GPAT
Activity

Christopher A Jolly, Craig Leach. Human Ecology, The University of
Texas at Austin, 1 University Station - A2700, Austin, Texas 78712

We have recently found that stimulating Jurkat T-lymphocytes with anti-
CD3  significantly increases glycerol-3-phosphate  acyltransferase
(GPAT) activity. This is imporiant because GPAT is the rate-limiting
enzyme in de novo phospholipid synthesis. To determine if GPAT
activity is regulated by phosphorylation as has been suggested in liver
mitochondria, we performed western immunoblotting for protein kinase
C (PKC) theta and in vitro kinase assays with exogenous PKC theta in
Jurkat mitochondrial fractions. PKC theta showed a marked decrease in
the cytosolic fraction and a concomitant increase in the mitochondrial
fraction following stimulation of Jurkat T-lymphocytes with plate bound
anti-CD3 antibody. Furthermore, we show that in vitro exogenous PKC
theta could phosphorylate an 85 kI protein from intact mitochondria
which may represent the 85 kD GPAT enzyme. This data suggests that
PKC theta may be a novel mechanism for regulating phospholipid
metabolism in T-| lymphocyles This work was supported by NIH RO!
20651 (CAJ).

577.15

Using RT-PCR' in a real time mode to determine expression of
lipogenic genes in broilers
Robert Wllliams Rosebrough, Beverly A. Russell, Steven M. Poch,
Mark P. Richards. ARS-USDA, GBL/ANR], 10300 Baltimore Ave.,
Belisville, MD 20705
Chickens growing from 7 to 28 days of age were fed 12 or 30% protein
diets and then switched to the opposite protcin level. Birds were killed
on days 28,29, 30 and 31. In Experiment 2, birds were sampled, 0, 3, 6,
9 and 24 br following the switch in protein levels. Measurements taken
included in vitro 1 (IVL; Exp 1), malic enzyme activity (ME)
the expression of the genes for ME, fatty acid synthase and acétyl
coenzyme carboxylase. Gene expression’ was determined with a
combined RT-PCR using SYBR green as a fluorescent probe monitored
in a real time modé. IVL and ME activity were inversely related to
dietary protein [evels (12 to 30%) and to acute changes in either level.
Lipogenic gene expression was inversely related to protein level. PCR
amplification was monitored during its early phases of reaction and may
be potentially more sensitive due to greater dynamic range (6-8 logs).
“he big disadvantage of combined system (RT-PCR) was that a large
ool of cDNA was not produced as in a system that to steps. Real time
T-PCR is acceptable for assaying gene expression in birds. Further
sk will focus ‘on primer sizes that optimize RT-PCR as an instrument
for studying the regulation of avian lipid metabolism. Results of the
present study demonstrate a continued role for protein in the regulation
of broiler metabolism. It should be pointed out; however, that metabolic
regulation at the gene level only occurs when feeding very high levels of
dietary protein.

577.16

The effects of Conjugated Linoleic Acid and Conjugated
Nonadecadienoic Acid on Uncoupling Protein (Ucp) Gemes during
Differentiation of 3T3-L1 preadipocyte

KEUMJEE KANGI, Soyoung Kown', YeonglLae Ha, Yunhee
Hwang'. 'Food and Nutrition, Duksung Women's University, Ssangmun
419, Dobong-Ku, Seoul, 132-714 Korea, Republic of, ‘Drivision of
Applied Life Science, GyeongSang National University, Jinfu,
KyungSangBukDo Korea, Republic of

it has been reported that conjugated linoleic acids (CLAs) and less well-
known conjugated nonadecadienoic acid (CNA) decrease fat deposition
in mammals. Uncoupling protein (Ucp) genes are proposed as targets for
anti-obesity prabably due to their actions in metabolic regulation. To
examine whether CLAs and CNA influence Ucp gene exprtssmns we
used a well-established preadipocyte differentiation model in the
presence of isomers of CLAs in vitro. 50 uM of (9, t11) or (110, c12)
CLAs, CNA, and 20uM linoleic acid as a control were added into 3T3-
L1 preadipocyte differentiation medium for 3, 6, 9 and 12 days.
Cytochemical analyses for lipid accumulation, cell proliferation and cell
death were carried out to compare lipidogenesis and cellular activity.
There were remarkable differcnces between control and  treatment
groups at day 6 and 9 of cell differentiation. Lipid accumulation
indicated by Qil-Red O staining was less significantly different among
the experimental groups. BrdU incorporation also showed its significant
increase in cells fed with CLA and CNA groups at days 6 and 9.
Significant cell death was found in both (110, c12) CLA group at day 6
and in CNA group at day 6 and 9, respectively. RT-PCR of. L PL, Ucp-2
and Ucp-3 at day 6 and 9 demonstrated that significant upregulations of
Ueps occurs in the treatment group while a slight increase in LA group.
Supported by KOSEF (R04-2002-000-20039-0)

577.17

Use of "C labeled fatty acids to study milk fat synthesis in dairy
cows
Erin Elizabeth Mosley, Mark A McGuire. Animal and Veterinary
Sciences, University of Ildaho, PO Box 442330, Moscow, Idaho 83844-
2330
Incorporation of *C labeled fatty acids into milk lipids was Getermined
through infusion of potassium salts of 5 g myristic-1-"*C acid (14:0), 40
g palmitic-1-"C acid (16:0), or 50 g stearic-1-"C acid (18:0) into the
abomasums of separate cows either as a bolus over 20 min or
continuously over 24 h. Milk fat was extracted using
chloroform:methanol. Fatty acids were methylated and comverted to
dimethyl disulfide derivatives before analysis by gas chromatography
mass spectrometry. The C enrichments from bolus infusion were 4.9,
2.5, and 2.4% for 14:0, 16:0, and 18: 0 mpcctlve!y, at 4 h post infusion
and peaked at 8 h (5.7, 9.2, and 5.4%, respectively). Enrichments for
continuous infusion were 1.1% for 14:0, 1.3% for 16:0 at 4 h and 0.92%
for 18:0 at 8 b, and peaked at 16 h for 14:0 (2.8%) and 18:0 (2.0%), and
at 24 h for 16:0 (3.9%). Enrichment was also detected in delta-9
desaturase products for both bolus and contmuous infusions. Bolus
infusion enrichments of 5.4, 1.2, and 1.9% were detected at 4 b for 14:1,
16:1, and 18:1, respectively, and peaked at.8 h for 16:1 (3.1%) and 18:1
(3.7%), and at 4 h for 14:1 (5.4%). Continuous infusion enrichments
were 1.8% for 14:1 and 1.0% for 16:1 at 8 b,-and 0.76% for 1B:1 at [2 b,

- and peaked at 16 h for-14:1 (2,3%), and et,ZO h for 16:1 (2.4%) and 18:1
(1.1%). Fatty acid sym.hesns and desafirase activity in the mammary

gland can be studied using "’C labeled fatty acnds Fundcd by the United
Dairymen of Idaho.

571.18

Lipid Uptake by the Small Intestine of Mice is Independent of the
Intestinal Fatty Acid Binding Protein Status

Laurie A. Drozdowskil, Ji Hyeon Kim?, Claudiu lordache', Matthew J.

Toth?, Richard E. Uwiera*, M. Tom Clandinin', Luis B. Agellon’, Alan
BR. Thomson'. lMedu:me University of - Albena, 5146 Dentistry
Pharmacy, Edmonton, AB T6G 2N8 C:\nada, Biochemistry, University
of Alberta, Edmonton, AB CanadA. *Medicine, Novartis Institute for
Biomedical Research, Summit, NJ, “Health Sciences Laboratory Animal
Services, University of Alberta, Edmonton, AB Canada

We tested the hypothesis that small Intestinal lipid uptake in mice is
independent of I-FABP status by amessing the i vitro uptake of
palmitic, stearic, oleic, and linoleic aclds, cholesterol, as well as cbolic
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of prepared kimchi was 5.9, it was decreased and titratable acidity
content of kimchi was increased continuously according to increasing
fermentation period. The total microbes of initial period were 10°-10%,
it was increased 10%10% cfu/mL at the pH 4.0 and then decreased 107~
10* cfu/ml with increasing fermentation period. Lactic acid bacteria
were showed same pattem of total microbes on the kimchi. On the
other hand, genomic DNA of kimchi was isolated by phenol method
and PCR-amplified 165 tDNA fragments were analyzed by DGGE.
Even if samples were a little difference patterns between fermentation
periods, generally, it showed similar microbial pattern.

P6-032
Identification of Lactic Acid Bacteria in Chinese Cabbage
by Using Denaturing Gradient Gel Electrophoresis

Sung Je Jung’, Gum-Ran Kim, and Hae Yeong Kim
Department of Food Sciences and Technology, Kyung Hee University

The DGGE method is sensitive and abie to determine the number of
species in a sample as well as the taxonomic identity of each species,
and is particularly useful in detecting differences between species of
the same genus. An amplicon is analyzed on DGGE gel, after which the
band positions are compared with a previously constructed database of
reference strains. In this study, the identification the lactic acid bacteria
of Chinese cabbage was investigated by the use of denaturing gradient
ge! electrophoresis (DGGE). Thirty-three of lactic acid bacteria species
from standard type cultures were used to determine the experimental
conditions for the PCR amplification and DGGE differentiation. Three
strains of lactic acid bacteria were isolated and identified from samples
of fifteen different Chinese cabbage cultivars in Korea. As a result, we
identified Lactococcus lactis subsp. lactis, Leuconostoc citreum and
Pediococcus acidilactici as major lactic acid bacteria in Chinese
cabbage

P6-033
Alcohol Dehydrogenase and Aldehyde Dehydrogenase
Activities of Lactobacillus brevis HY 7401

Young-Tae Ahn®, Yong-Hee Kim, Jin-Sung Bae, Kwang-Sei Lim,
Chul-Sung Huh, Woo-Young Yang', Hyung-Su Kim', and Young- Jin
Baek

R & D left, Korea Yakult Co., Ltd., "Culture System, Inc., USA

Alcohol dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH)
oxidize ethanol to acetaldehyde or acetaidehyde 1o acetic acid by
intestinal bacteria. However, little is known about ADH and ALDH
activities of lactic acid bacteria. The aim of this study was to test the
possibility that Lactobacilius strains originated from human are able to
metabolize ethanol and acetaldehyde in vifro and in vivo. In regard to
ADH and ALDH activities, L. brevis strains had higher activity than
that of other lactic acid bacteria strains. In particular, ADH and ALDH
activities of L. brevis HY 7401 were the highest by 2,140+24 nmol of
NADH and 12.53%0.06 nmol of NADPH produced /min/mg of
protein, respectively. /n vivo experiment, 1 mL of L. brevis HY7401
(10° cfu/ml) was given orally to SD rats for 2 weeks and ethanol (4
g/kg BW) was administered orally at the end of the experiment, L.
brevis HY7401 cells intake decreased significantly the serum ethanol
level in the rats comparing to control groups. In addition, the ethanol

concentration in the small intestine on feeding L. brevis HY7401
groups was about half of the control and its acetic acid concentration
was two times higher than the control. Therefore, this study suggests
that L. brevis HY7401, isolated from human, possess a remarkable
ADH and ALDH activities that are capable of metabolizing ethanol and
acetaldehyde. Also L. brevis HY7401 cells intake decreases the serusm
ethanol concentration in rat.
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P6-035
Enhanced Production of GABA in Bifidobacterium Strain
by Expressing a Rice Glutamate Decarboxylase Gene

Suk-Heung Oh”, Ki-Bum, Myung-Soo Park, and Geun-Eog §i*?
Department of Biotechnology, Woosuk University, 'Research Center
Bifido Co., ’Depanmenl of Food Science and Nutrition, Seoul National
Univ.

Glutamate decarboxylase (GAD) catalyzes the a-decarboxylation of L-
glutamate forming CO; and y-aminobutyric acid (GABA). In animals,
GABA is a major transmitter in central nervous system but it also
exerts functions in peripheral organs. The important roles of GABA in
animals have directed 2 keen attention to GAD. To develop
Bifidobacterium strains with enhanced ability of GABA production, we
cloned a GAD gene derived from rice ¢cDNA libraries into
Bifidobacierium-E. coli shuttle vector pBES2 (pBES2GAD) and
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2003 International Symposium and
Annual Meeting of the KSACB

thctimml Genomics for ngo—Biotechn0103Y

October 23~24, 2003
Jisan Forest Resort, Icheon, KOREA

= Organized by
The Korean Society of Agricultural Chemistry and Biotechnology (KSACB)

m Supported by
Crop Functional Genomics Center (CFGC)
Korean Federation of Science and Technology Societies (KOFST)
Korea Research Foundation (KRF)
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Date Time Program Place & Chair
13:00-13:30 Registration Lobby
13:30-13:40 Opening Ceremo Forest Room

A1 A . . 2z
13:40-14:40 = Gl Dr. Pal Maliga (Univ. of Rutgers) Forest (H20H)
14:40-14:50 Coffee Break Lobby

; IL-At IL-81 Maple | White
14:50~15:50 Dr. Park, Zee Yong Dr. Kazuya Akimitsu (o el] A2

10/23 (K=-JIST) (Kagawa Univ.) (Exia) | (=W

(Thu) IL-A2 n-82 Maple | White
15:50-16:50 Dr. K. Hun Mok Dr. Han, Jaehong T2 A

(Oxiord Univ.) (Ewha Womans Univ.) | (RIFOH) | (S20H)
16:50-17:20 Poster Session {st & 2nd Floor
1L-A3 1L-83 Maple | White
17:20-18:20 Dr. Koaiji Ichinose Or. George Phillips HAAR 1 UYH
d (Univ. of Tokyo) {Univ. of Wisconsin) | (CH=0H) | (22d)

18:30-19:30 elcome Receptio restaurant
20:00~ Session Meeting General Board Member Meeting Green

Date | Time: | i o . Program . B _ifli.Pl‘éce & Chalr
09:00-09:30 R & D Roadmap of ARPC Forest | (AG)
09:30-10:00 eneral Assemb eeting Forest

) W Dr. Kyu Young Kang SN E
10:00-10:30 -

Research Award Gy sang Nat'l Univ) oot (Za)
Dr. Hyun Pal Ha ool
10:30-11:00 il =
Technology Award | . ngiu Beabjoo Co., Ltd) (=)
11:00-11:10 Coffee Break Lobby
11:10-11:40 Sl SL-At SL 81 SL Ct Maple} White |Green|
’ ’ Yong Chool Boo | Young Deuk Lee | Sung Eun Lee
SU A2 St B2 sLcz | HBH| zad &

:40-12: o SOICH) | (Sh) {(EHW)

10/24 11:40-12:10 & Jae-Yean Kim | Soon Ah Kang | Yang—-Bin lhm ¢ ¢

(Fri) 112:10-13:10 restaurant
13:10-13:40 Poster Session ist & 2nd Floos

=l 1. Kun-Jae Lee 1. Chan Hyeok Kwon | Maple | White
13:40-14:20 e - > Jin Surk Choi AE2 AR
2. Bo-Ra Kim . Jin Sur] oi (@ | (MR
14:20-15:00 3. Byung Yeoup Chung | 3. Jeoung-Eun H{oe 218t % .‘g
4. Byung Yeoup Chung | 4. Jong-Pyung Kim (z=q) | (E8H)
16:00-15:10 Coffee Break Lobby
15:10-15:40 osing Ceremo Forest
15:40-18:00 On-site Tour Sempio Foods Co. Ltd

% White Room(1F), Green Room(1F), Forest Room(18), Mapte Room(1B)




Special Lecture

> 10/24(3) 09:30-10:00 Chair : Choi, Yong-lark
SL-A1 Flow—dependent regulation of endothelial nitric oxide synthase Role of protein
kinase A-dependent phosphorylation at Ser635 / Yong Chool Boo' and
Hanjoong Jo / 'Jeju Hi~Tech Industry Development Institute, 1. Ara—dong. jeju.
jeju-do, Korea 690-756 and 2Wallace H. Coulter Department of Biomedical
Engineering at Georgia Tech and Emory. 3080 WMB, Atlanta, GA 30322

> 10/24(2) 10:00-10:30 Chair : Choi, Yong-Lark
SL-AZ Intercellular protein trafficking in Arabidopsis./ Jae—Yean Kim / Department of
Molecular Biology., Gyeongsang National University, Korea

> 10/24(3) 09:30-10:00 Chair : Jo, Youl-Lae

SL-B1 Simultaneous Determination of Sinigrin  and Allylisothiocyanate in Wasabi
{Wasabia japonica) Using lon-Pair Liguid Chromatography / Young Deuk Lee
/ Chan Hyeok Kwon, Moon Soo Cho', Jong Bae Chung, Shin Park. and
Byeong Ryong Jeong?® / Division of Life and Environmental Science, 1)Division
of Horticulture and Landscape Architecture, and 2)Division of Life Resources,
Daegu University, Kyungbuk 712-714, Korea

> 10/24(=) 10:00—-10:30 Chair : Jo, Youl-Lae

SL-B2 Hypolipidemic action of fructosepolymer . Altered lipid profiles and expression
of UCP in obese rats by high fat diet / Soon Ah Kang / Department of
Applied Biology & Chemistry, Bio/Molecular informatics Center, Konkuk
University. Hwayang-dong Gwangjin—~gu, Seoul, 143-701, Korea

~ > 10/24(2) 09:30-10:00 Chair : Sung, Nack-Do
SL-C1 Proteomics approach to identify salinity—repsponse related proteins from the
earthworm, Eisenia fetida / Sung—Eun Lee, Byeoung-Soo Park, Joon—-Kwan
Moon and Jeong-Han Kim* / Schoo! of Agricultural Biotechnology, Seoul
National University. Seoul 156-741, Korea

» 10/24(3) 10:00-10:30 Chair : Sung, Nack-Do

SL~ CZ Fate of the lInsecticide Imidacloprid in the Environment / Yang-Bin hm’,
Kee-Sung Kyung, Byung-Moo Lee, Soo-Myung Hong, Gab-Hee Ryu, Jae-Koo
tee'/ National Institute of Agricultural Science & Technology, 441-707, Suwon,
Korea. 'Oepartment of Agricultural Chemistry, Chungbuk National University,
Chongju. Korea

-
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Special Lecture / SL-B2 .

Hypolipidemic Action of Fructosepolymer ; Altered Lipid Profiles and Expression
of UCP in Obese Rats by High Fat Diet

Soon Ah Kang

Department of Applied Biology & Chemistry, Bio/Molecular Informatics Center, Konkuk
University. Hwayang-dong Gwangjin-gu, Seoul, 143-701, Korea
“E-mail: sakang@khu.ac.kr

Obesity is a worldwide health problem that results of imbalance between energy intake and
expenditure. It is often associated with hyperlipidemia, hypertension and type 2 diabetes
mellitus and with increased risk of coronary heart disease. It has been suggested that high fat
diet increase body weight and adiposity and numerous studies have been conducted on dietary
modification to regulation of energy homeostasis and lipid metabolism in obesity. The optimal
treatment for obesity would be one that both suppresses food intake and increases energy
expenditure. Food intake is regulated by leptin and other neurotransmitters, which affecting
appetite.” Diet modulation could affect energy expenditure, also. An important component of
energy expenditure is adaptive thermogenesis, which based on the functionality of uncoupling
protein (UCP).? UCP is a mitochondrial protein that uncouples the respiratory chain from
oxidative phosphorylation and generates heat instead of ATP generation, thereby increase energy

expenditure.

Interestingly, nondigestible carbohydrate such as fructan have been shown to exert sysiemic
effects by modifying energy and lipid metabolism. Indeed, consumption of nondigestible
oligosaccharides suppressed the weight gain and fat accumulation, and reduced serum
triglyceride and cholesterol concentrations.” The mechanism of these effect on serum lipids
remains incompletely elucidated. The decrease in serum triglyceride has been ascribed in
animals from reduction in VLDL-iriglyceride secretion and to the inhibition of hepatic
lipogenesis through a reduction of the activities and gene expressioin of lipogenic enzymes.”
Fructan stimulates the growth of bifidobacteria and improves the intestinal microflora
production of short-chain fatty acids, which ate expected to have physiologic roles on human
health. Animal studies demonstrated that short chain fatty acids produced by bacterial
fermentation and absorbed into the portal blood flow may have an inhibitory effect on hepatic

fatty acid and cholesterol synthesis.”

-106-
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A299

wace (-1F) or high (+1F) (0.04 and 3.9% my/p protein respectively), and
wo levels of a3 polyunsawrated fatty acids (PUFA) on bone
conservation in 2-month-old sexually mature ovariectomized (OVX)
sprague-Dawley rats. All dictary treatments provided [10.4 g/kg of fat
from cither safllower oil {(N6) or a blend of'n-3 PUFA and safflower oil
(\3). OVX rats were randomly assigned to N6-IF (Control), N6+IF, N3-
i or N3+IF groups and cuthanized after 84 8 of feeding. Data for
wquential femur and tibia bone mineral density (BMD) and bone
mineral content (BMC) measureaents were collected every 28 d. Whote
hindlimb bones and trabecular subregions revealed a trend towards a
posi‘i\'c bone conserving effect refated to (+1F) at each level of n-3
PUFA. Rats fed N3+IF had a significantly higher distal femur BMD
{P<0.0001) and BMC (P<0.0001) and an increased tibia BMC (P=0.02).
Concentration of serum pyridinoline crosslinks (PYD) was also
significantly lower in the N3+F group (P= 0.01), demonstrating a
pasitive effect of this dictary combination on bone conservation in OVX
rats.

188.9

pYS6a (Tofupill®), a new phyto-SERM, exerts 8 positive effect on
female rat skeletal tissues with no effect on the uterus

Israel Yoles', Dalia Somjen”. 'Ob/Gyn Dep., Sheba Medical Center, Tel
Hashomer, Ramat Gan, 52620 Isracl, “Institute of Endocrinology,
\elabolism and Hypertension. Sourasky Medical Center, Tel Aviv,
Israel

Objective: DT56a (Tolupill-&) a natural product derived from soybean,
has been shown in previous clinical studies to alleviate menopausal
ssmptoms and increase bone mineral density with no effect on sex
steroid hormone levels or endometrial thickness. \We studied the
mechanism of action of DT56a compared to estradiol-17f (E:) on
skeletal tissues and uterus of female rats.

\Methods: Immature or ovariectomized femoale rats were injected or fed
with DT56a or E.. The eflect was evaluated. by measuring the specific
activity of the BB isozyme of creatine kinase (CK) in skeletal tissues
and uterus. CK specific activity has been shown to be a response marker
for estrogenic activity.

Results: Single short-term injection of high doses of DT562 induced
estrogenic activity in bones and uterus similar 1o that of E.. When
administered in multiple orat doses. DT3063 stimulated skeletal tissues
similarly to Ei but whereas E. significantly increased CK specific
activity in the uterus. DT562a did not. The selective estrogen receptor
modulator (SERM) Raloxifene blocked the stimulation of CK by either
DTS6a or E; in all tissues tested.

g 2
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$ 0 OTS6a
;’, o5 Estrogen
§ o
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¢
£
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.; i} S S G pTs6a
'_E 0.8 ! ' 8 Estrogen
< 0
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Conclusions: Our findings suggest that DTS6a acts as a natural phyto-
SERM, stimulating skeletal tissues, without affecting the uterus. The
blockage by Raloxifene indicates a possible common receptor(s) for E:
and DTS6a.

This study was supported by Se-cure Pharmaceuticals. Israel.

188.10

Dietary docosahexaenoic acid (DHA) supplementation helps
maintain bone mass in ovariectomized rats ’
Yong Li', Susan Reinwald', Mark F Seifert’, Bruce A Watkins'.
'Dcpaﬂmcn( of Food Science, Purdue Umversny, 745 Agriculture Mall
Dr., West Lafayette, IN 47907-2009, *Department of Anatomy & Cell
Biology, Indiana University School of Medicine, Indianapolis, IN

The effect of dictary n-3 fatty acids on bone remodeling in
ovariectomized (OVX) rats was evaluated using 60 2-mon-old female
SD rats (50 OVX + {0 sham) in this study. The dietary treatments were
formulated based on the AIN-93G diet with added fat to simulate a
human diet containing 25% fat energy. The sham and 10 OVX sats were
used as the controls and fed a diet with safflower oil. The other four
groups were given diets containing the combinations of two sources of
n-3 PUFA (DHA or fish oil, n-6/n-3 = 5) and two levels of CLA. Rat
bone mineral density (BMD) and bone mineral content (BMC) were
monitored by DEXA for 84 d. The DHA treatment demonstrated 2
positive effect in maintaining BMC in the tibia of QVX rats after 21 4 of
feeding and was sustained throughout the study. The same response was
observed on excised bones at the end of the study. The DHA treatmemt
was superior to fish oil in conserving bone mass in both tibia and
vertebrae in OVX rats. Concentrations of serum pyridintoline crosslinks
were lower in all the fatty acid treatment groups compared to that of
QVX control indicating a positive effect of the n-3 diets on inhibiting
bone resorption. These results suggest that dietary n-3 fatty acids could
modulate the bone remodeling process by inhibiting bone resorption
and/or stimulating bone formation to conserve bone mass during rapid
bone tumover under the influence of estrogen deficiency.

188.11

Inhibition of bone loss by n-3 fatty acids in 12 mo-old OVX mice as
an animal model for menopause

Gabriel Fernandes, Arunabh Bhattacharya, Dongxu Sun, Khaliquz
Zaman, Richard Lawrence, Apama Krishnan. Department of Medicine,
University of Texas Health Science Center, 7703 Floyd Curl Dr., San
Antonio, TX 78229-3900

It is well established that post-menopausal osteoporosis occurs soon
after natural or surgical menopause and leads o increased fractures and
a rise in morbidity and mortality. A recent HRT trial was stopped due to
increased adverse side effects. Thus altemative approaches are being
tested 1o treat bone foss without side effects. Several previous studies
indicated a beneficial effect of n-3 fatty acid supplementation on bone
loss in animals and humans. We repeated earlier studies showing
decreased bone loss in young 2 mo-old OVX mice fed n-3 fatty acids
and found decreased osteoclastogenesis. The present study was done in
12 mo-old female OVX mice fed diets containing either cor oil (10%)
of n-3 fatty acids from fish oil with EPA/DHA ratios of 18/12, 30120,
5015, or 5/50 (gift from Qcean Nutrition, Canada) for 3 months. DEXA
scans to measure bone mineral density (BMD) were done in several
bone regions. Corn oil-fed mice had significantly decreased BMD in the
distal end of the femur, the proximal end of the tibia, and the lumbar
region of the spine. All of the fish oil preparations except the 50/5
EPA/DHA prevented nearly 50% of the BMD loss. It appears that a
proper ratio of EPA/DHA may provide protection from bone loss.
Studies are underway to measure changes in proinflammatory cytokines
(IL-ta, IL-6 and TNF-a) which are involved in activation of osteoclasts
in the absence of adequate levels of estrogen. Supported by NiH grant
AG14541.

188.12

142

Intakes of fructan modified the lumen physiology and increased the
trabecular bone denslt} in osteoporotlc model rats

Yun Young Kim', Ki- Hyo Jang', Soon- Ah Kang', Yunhi Cho', Eun
Young Lee', Ji Hae Suh', Chul Ho Kim®, Ryowon Choue'. 'Medxcal
Nutrition, Kyung Hee Umversnty. Haegi-Dong. Dongdaemoon-Gu,
Seoul, 130-701 Korea, Republic of, “Biotechnology Research Division,
Korea Research Institute of Bioscience and B|o(echnology, Taejon,
Korea, Republic of

The effects of ovariectomy (OVX) and fructan substitution on food
intake, weight gain, and lumen pH, short-chain fatty acid production,
minera! absorption, and osteoporosis were studied in four groups of rats:
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(1) Sham-operated rats (N = 6}, (2) ovaricctomized rats (OVX-EY(N =
6), (3) estrogen-treated OVX rats {OVX + E) (N = 6), and (4) OVX rats
supplemented with fructan (OVX + fructan) (N = 6). All of four groups
were fed the low level of Ca (0.24%) and sacrificed at 6- and 12-week
study periods. OVX was associated with an increase in body weight gain
during a 12 weeks compared to sham-operated rats, whilst the estrogen-
substituted rats had a significantly lower weight gain. In the cecum,
fructan group showed higher wall and contents weight and lower pH
than those of other groups, whereas organs(liver, spleen, kidney) weight
did not differ in all groups. The level of serum alkaline
phosphatase(ALP) activity in the fructan group was lower at 6 weeks in
comparison with OVX-group, but slightly higher at 12 weeks. The levels
of serum calcium and phosphorus in all groups were similar. The
trabecular content and density were reduced by the ovariectomy and
intake of low calcium diet. In fructan and sham groups, the trabecular
content and density were higher than those of OVX-group, indicating
that fructan might be the putative candidature for the prevention of bone
toss.

188.13

Swimming versus running exercise on bone calcium content and
femur breaking strength in ovariectomized retired breeder rats
Shelly A. Duhe', Anne R. Francis', Carol E. ONeil', Michael J.
Keenan', Yan Chen', Sheri S. Melton®, Maren Hcgsled'. ‘Human
Ecology, Louisiana State University AgCenter, HUEC Bldg.. Baton
Rouge, LA 70803, “Kinesiology, West Chester University. West
Chester, PA

Physical activity may increase Ca content to preserve bone strength in
postmenopausal women.  This study determined the effect of
compulsory swimming and voluntary runaing exercise on bone Ca
contemt and femur strength in ovariectomized (OVX) retired breeder
rats, as a model for postmenopausal women. Thirty-seven 9-month old
Sprague Dawley rats were assigned randomly into 4 treatment groups
for the 9-week study: OVX + sunning (R; n=9); OVX + swimming (S;
n=10); OVX + no exercise (C; n=9); sham-surgery + no exercise (Sh;
n=9). R rats had free access to running wheels; S rats were trained over
i week to swim for one hour, 5 days a week. At sacrifice, femurs, tibias.
and humeri bones were removed. Bone Ca content was analyzed using
atomic absorption spectrometry, and femur strength was determined by a
compression tester (Q-fester,. Mean grams (g) of Ca per dry femur
weight for S rats (0.1462¢g + 0.0153) was higher than C rats (0.1322g =
0.0177, p<0.05). S femurs had the highest mean peak load, peak stress,
and break load values (NS). These results suggest that swimming
exercise is more effective than voluntary running in preserving Ca
content and improving breaking strength in the femur bone of OVX rats.
(Supported by Hatch 3297.)

188.14

demonstrate a refationship between piglet bone mass and pecinay
growth and underscore the value of the SGA piglet model
investigation of nconatal bone mineralization. (NSERC)

188.15

Frozen storage in saline and hydration under vacuum alter i,
biomechanical behavior of the rat femoral neck

Michael W Reeves, Michacl J Keenan, Maren Hegsted, Yan Cheq
School of Human Ecology, Louisiana State University AgCenier,
Human Ecology Building, Baton Rouge, Louisiana 70803

To determine if femoral neck biomechanical behavior is affected by
frozen storage in saline or hydration under vacuum, Sprague-Dawiey
femurs were frozen in 0.9% saiine at -16 degrees C. for periods of 34
and 122 days. Thawed femurs were hydrated at 360mm Hg negative
pressure for one to three hours. Femoral neck breaking values were
obtained using an Instron 4301 testing machine and analyzed using
independent and paired t-tests (p=0.05). Compared to non-frozen
femurs, frozen storage for 34 days significantly lowered plastic stnig
(p=0.0453). Compared to non-frozen femurs, freezing for 122 days
significantly lowered plastic strain (p<0.0001), yield strain (p<0.0001)
and strain to failure (p<0.0001). and significantly raised Young's
modulus (p=0.0018). Hydration values were not determined for the 34.
day freezing period. Following hydration, femurs frozen 122 days
showed significanitly lower strain to failure (p=0.0214) and yield stain
(p=0.0100), compared 10 non-frozen femurs. Compared 10 non-hydraied
frozen femurs, significant post-hydration values for femurs frozen for-
122 days were higher for plastic strain (p=0.0474) and strain to failure
(p=0.0016), and lower for Young's modulus (p=0.0291). These resulis
show that freezing in saline and hydration under vacuum both can alter
femoral neck biomechanical behavior and may interfere with the abiliy
to detect treatment effects (Supported by Hatch 3296).

188.16

Bone mineral content is reduced in small for gestational age piglets
compared to those appropriate for gestational age

June Kohut, Rebecca Mollard, Hope Weiler. Human Nutritional
Sciences, University of Manitoba, 190 Dysart Road, Winnipeg,
Manitoba R3T 2N2 Canada

Intrauterine growth restriction is associated with low bone mass in the
small for gestational age (SGA) infant. This study compares growth and
bone mass between SGA and appropriate for gestational age (AGA)
piglets. 10 SGA pigs (birhweight < 12 kg) and 8 AGA pigs
(birthweight > .4 kg) received attificial liquid diets between days 5 and
21 of life. Bone mineral content {BMC) of whole body (WBj and L1-14
spine (LS) was measured using dual energy X-ray absorptiometry
(DXA). Differences between groups were detected by t-test.
Relationships between variables were measured by Pearson correlation
analysis. Birthweight and final weight were significantly higher in the
AGA group (P<0.0001 and P=0.0456 respectively). SGA pigs, however,
showed more rapid weight gain (P<0.002) (76 % 3 g/kg/d) than their
AGA counterparts (70 = 4 g/kg/d). WB BMC was significantly lower
(P=0.0102) in the SGA (95.68 + 5.77g) compared to AGA group
(120.80 + 6.42g). Similarly, LS BMC means were 1.79 £ 0.09g for SGA
pigs and 2.35 + 0.17g for AGA pigs (P=0.0065). Birthweight correlated
closely with WB BMC (r=0.7428 P=0.0004) and LS BMC (r=0.5215
P=0.0265). Final weight was strongly associaled with WB BMC
(r=0.9415 P<0.0001) and 1.5 BMC (r=0.95227 P=0.0260). These data
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Rat femurs stored frozen in saline do not require hydration for
density measurements

Michael W Reeves. Michael J Keenan, Maren Hegsted, Yan Chen.
School of Human Ecology. Louisiana State University AgCenier.
Human Ecology Building, Baton Rouge. Louisiana 70803

Previous studies have demoustrated that femurs frozen in a dry state
require vacuum hydration before density measurement. To determine if
bones stored frozen in saline need to be hydrated, femurs from Sprague-
Dawley rats were frozen in 0.9% saline at -16 degrees C. for periods of
15 and 122 days. Femurs were hydrated at a negative pressure of
360mm Hg for periods of one to three hours. Density measurements
were obtained using the Archimedean Principle and analyzed using
independent and paired t-tests (p=0.05). Frozen storage in saline for 15
oc 122 days did not significantly alter femoral density compared 1o pre-
freeze values. Post-hydration density of femurs frozen for 15 days was
significantly lower compared to pre-hydration density of non-frozen and
(p=0.0407) and frozen-stored (p=0.0008) specimens. Post-hydration
density of femurs frozen for 122 days was significantly lower compared
to non-frozen (p=0.0002) and f