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Abstract: Lycii fructus has been traditionally used as a pre-
ventive and therapeutic medicine to treat enervation and div-
erse chronic diseases. In this study, we investigated whether
fermentation of Lycii fructus extract (LE) increases the enzy-
matic activity of the alcohol dehydrogenase (ADH) and alde-
hyde dehydrogenase (ALDH). The fermentation of LE by
Bacillus subtilis subsp. subtilis and Saccharomyces cerevi-
siae TFO 2376 was shown to increase the enzymatic activity
of ADH and ALDH. TLC analysis of LE and fermented LE
(FLE) showed that ADH and ALDH activities increased in
different spots. Fraction No. 66 of LE and fraction No. 68 of
FLE by Silica gel chromatography showed increased ADH
activity of 129.1% and 148.9%, respectively. Fractions No.
128 of LE and FLE by Silica gel chromatography showed
increased ALDH activity of 134.1% and 148.1%, respec-
tively. The fraction No. 68 of FLE obtained by HPLC showed
new peaks at R, 11.938min, R,22.072min and R, 28.842min,
indicating that ADH activity was increased. The LE and FLE
fractions with the greatest increases in ADH activity peaked
at the same time (R, 13min),whereas the LE and FLE frac-
tions with the greatest increases in ALDH activity peaked at
different times (R, 16.307min and R, 36.640min, respectively).
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1. INTRODUCTION

FRIAZ RO A 18] B STl T4 TH, o4
53 ol4foln] 28] o] 372 T v} 1Y SFLolet
3 Oz Afe] 4

A7120 43 A AR, A2, 4

of R [2]. Aol EoL EIEE oy =9
o2 7|83 292 21k o] ADH (Alcohol dehydrogenase)
of ©J3} acetaldehydex %18He|n, 71 th3- ALDH (Aldehyde
dehydrogenase)o]] 2|3} acetic acid2 Z2+E o] Ao CO,
2l dEY 3] 78] mol AWA EdE Fe A g2
< T AA B E AHakatg of A A 4] H acetaldehyde”} A1
AN A&t 54 T4 UEhA sk, Al o] Ao 2
< 78S ERA7IAL B3 7k A o 20} 7] 5ol A A
o &S Rt [4,5]

ADHE} ALDH 141 & u]u|2 4 3o] L ofu] e 4k 4 Hol
o3 S HAY A& ot== Aoz A e [6,7]. oF
u] 1= Ak 2 aspartic acid, asparagine, glycine, glutamic acid, me-
thionineo] 7+ 2.5 3} 9 oF3 & tjabo] Felo] gz Ao

f
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= HEQ [89]. s AE It AlEY =8 A= A
|5 s U gl 58, 384 e s oY
A FUE, o] 2&E9 F2 ofu|=Ak¢] arginine, aspartic
acid ¥ glutamic acid7} & Z 2o oI5t 7t £AC 2 HE HS
A7F kil B g Qe [10].

TF71AAE (Lycii fructus)= 7};‘]3’—](01] &3 7| A9
st B eA Fetan, WS, 1t Vs A a5
g A E A HaHE, @9 W Y7o, o F e Ak 5
o st a%50] %l o [11-16], Yoon 5& 7| A} &
== o OLiig AAEE %%‘*] ﬁ% o &5LZof 9

aagdol &

=

MRS o §5te] AABL W u) AR JPHE
o o) R oL AYAL At To| 2 BEE Y, 0%
o] BHlsH 2% 1R E A0 Al V) 28] A of

o A i
3 A A E2 A o] &E (bioavailability)o] B4 o}z =

o & ore) A 9lth[18-20]. HAE W a o AHRE = U]Ag%g
+350], A Z2t, Lactobacillus < 35 ZSE FAHF I &
1191 Saccharomyces 45 13 5-& 0]-€3}aL Qlt} [21]. AL,
IZzg S 803 U]/\ggg o] 83 dtg ]E—J AR 2
303%4 Ae|aty fko] Z7tE WMFEAIES AAL AHE
7te) Ao a ol gl Ae|eA fsol /})%E]‘— R EASY
7hEkE] 51 Qo [22].
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Z235}9] Bacillus < w3, Saccharomyces & 52} Schi-
zosaccharomyces & 55 o] &35to] WA A7l & ADH U
AHMA%%%%QN%%4§%4@“%5WMﬂL
75E 7174 A Q1 A} (activator) = 3

LA} Qe
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2. MATERIALS AND METHOD

21. 7R g9 25
HFF o] AFR3} ShekA) = 71 Ffl =28 o] dy R )R
(Lycii fructus) 2 A R34 o0, kA= o LG A] oFA T

W gopel 4 Felste] g Skt FoIREn]o) 258
methanol, ethanol®} ethyl acetateE ©]-&3t 57]-&-wj] %3’—}

A% 229 Fo SaAstodch A7 A dul o] 7] 8] =
2 712l 40 gof] methanol, ethanolZ} ethyl acetateS 7—.
7} 500 mL 4 7}8} o] 28°Coll 4 24X]7F 53k 21Ekto] e85}

Table 1. Strains used for fermentation

o, 7| AG o] 4 S5 7| AG v 40 gof = 1L
7}5}o] 100°Col| A 1417 59 7} A sho] 4235k ch. 2
FZ 5L filter paperE ©]-8-3}¢] oJI}3t & vacuum rotary
evaporator (EYELA, Japan)E ©]-g3}¢] <3152
9.8 A48 )714] 4°C ol sfol Al W4 w st sATt.

[o= e}
IA—
=
=

&S

22. 77\ 228 BE
221, 8 YEE Y LAY

Ha s 9o AHE-SE n] &2 Table 194 4= vpe} o] 11
29t Bacillus & w5, 85?1 Schizosaccharomyces <5 ot
9} Saccharomyces <5 3955 AV&-5F AT Bacillus subtilis
subsp. subtilisi= =7 A £-2]5to] Fhau| g EHEAE
o A 16S tDNA &4 9|5 &8 54 0], Schizo-
saccharomyces pombe var. pombe KCTC 75222} Saccharomy-
ces ellipsoideus KCTC 7243+= REAF LA E o A EoFS 7+
Sk oW, Saccharomyces cerevisiae IFO 23462} Saccharomy-
ces cerevisiae IFO 2376 QA7 & G F Ao 4] Bok& vt
o} AF8-31 At} B. subtilis subsp. subtilis+= nutrient ¥jj X] (beef
extract 3 g, peptone 3 g/L, pH 6.8, Difco, USA)o||, & = YM
vl Z] (yeast extract 3 g, malt extract 3 g, dextrose 10 g, peptone
5 g/L, pH 7.6, Difco, USA)ol 2+2F Alhuf el & A&
20% glycerolo] ZgHel A AFHof] ol -70°Cof| HHs}3l e
Ao AHE-3E7] A Al el 2 A AT

222 IR g FeE9 ¥E

PR 5B B Gl Foto] f 47
AR & BakufoFS gl L7 Al &= %% utri-
ent B} 2] 2} YM x] o 5mgmL F=& 7}0}"“‘2\#, o
WO 2 Bk ope oI RS WA 2 A S
W5kl 2yt W E A AF8-3 Bacillus £ w3, Schi-
zosaccharomyces <& 52} Saccharomyces & 5= 1x10

cells/mLZ stockH S A 23+ 5 HH= Y-S0 %] of 7_}7_} 0.4%
GV B UMY A £ 2 0l 4 4
L E 7|& 02 AA3lY Bacillus & = 37°ColA, &
L= 28°Cof| Al 747 ulj ¥t 5 ul °k°é—?“éi sampling& 3}
ek B -2 4°C, 3,000 rppmof| A 1027t A4 72 & 45
e Relsto] Aol Aok B ek 714k 0)
2255 5mgmL =2 713} nutrient Hj 2|2} YM B #]
E ZZF AMR519 0.1, B. subtilis subsp. subtilis?} S. cerevi-
siae TFO 23762 0.4% (viv)d] =2 FZ£38le] 439514 th
Sy A) 270 28°Col A 727 whpstel 0 vap
92 sampling< 3FTh W oF-2- 4°C, 3,000 rpmo] A 105

Strains

Sources

Bacillus subtilis subsp. subtilis
Saccharomyces cerevisiae 1FO 2346
Saccharomyces cerevisiae 1FO 2376

Schizosaccharomyces pombe var. pombe KCTC 7522
Saccharomyces ellipsoideus KCTC 7243

Cheonggukjang
Sake yeast Kyokai No. 6
Sake yeast Kyokai No. 8

Listan grapes, Spain
Wine
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els}o] 348 3+ 3 nutrient F2Hul 2]} YM I 2huf 7] o
Zslgl om, 28°Coll A 3U 7 A g & & Bt S g

shsiet.

d,5
3}
5l

ol

000

3
LS
o]

23. 828 FA 59 £

23.1. ADH &4 &7 57 23

ADH A =42 Bergmeyer [23]9] W2 k7 HE
I 340 nmoj| 5| NADHS] A oF& &4 5}1o] =
& A& B4 0 2 vl watelch A|29] ADH B &
Th= A& 50 plofl ZF4= 700 pL, 1 M Tris-HCI buffer (pH
8.8) 375 uL, 20 mM NAD (Sigma-Aldrich) 150 uL, ethanol
150 puL2} standard enzyme?l ADH (Sigma-Aldrich) 75 uL (1
unit/mL)E g o] S & 30°Col| A] 587 #2335 340 nmoj|
A 2 45to] HABkgT At 2R A 22 )
A 9k2 ADH AHA| 842 100%= dlo] AlF o] Abrf 24
(%)= UER A

{é
el o

foll & ok

o
°f
=32

ADH activity (%) = (B/A) x 100

23.2.ALDH gy &Z a7 &%
ALDH &4 =742 Koivula ¥ Koivusalo [24]2] B k7t
3510 acetaldehydeo)| A acetateE A A= 42 NAD
25| NADHE 4 43H= 912)5 o] § 31910}, A1 9] ALDH
Sh 272 3= AR 50 pLoj| 234> 1,050 pL, 1 M Tris-
HCl buffer (pH 8.0) 150 uL, 20 mM NAD (Sigma-Aldrich) 50
pL, 0.1 M acetaldehyde 50 pL, 3 M KCI 50 uL, 0.33 M 2-
mercaptoethanol (Sigma-Aldrich) 50 uL¢} standard enzyme?]
ALDH (Sigma-Aldrich) 50 pL (1 unit/mL)E ¥ o] &£35}9
30°Col A SE7E HFA g F 340 nmol A 2 45}o] selsheit.
A3 272 RS 745 %S ALDH AR 24
= 100%= 3tof A7) 5-2] Al 24 (%) et ik

ALDH activity (%)= (B / A) x 100

24 B AF FAIRYA 228 v
241 TLC

TLC &4 & U5 7714 ] #5859 B2 v]ws}
7] Y8 =gt Ha AL LA EEL2 30°Ce]

ZA27] (Sanyo Electric Co.)ol] 50 =& A & me-
thanol& ©]-835}0] 5 mg/mLe] FE2 235}l TLC £4 9]
AFE-SHREE S mg/mLe| W E A 7|2 h | &5 TLC
plate (Silica gel 60 F254, Merck, Germany)®| 5 uLE& spotting
3} methylene chloride, ethanoli} £J 45 3:5:282 &35t
A7) &S 234471 TLC chambere]l o] A7) sl gic}. A&
2 UV lampE AFE-319] 254 nm&} 365 nmof| 4| ZASE & 8
o15}9dt}. Silica gel plate Ao 4 UVE 2Ho1H spotd RE
AbZ8}aL, 3]425}0] methanol 2 &3+ 5 526}o] ADH Y
ALDH 24 27 A] H7hslo] 4w sl v el e,

2.4.2. Silica gel column chromatography

9g A5 9 L7 A & E-2 methylene chloride 2 H &
A 7] silica gel column (=3.7x30 cm, 70~230 mesh, Merck,
Germany)©]| 100 mg/mL2Z A 7}5t & &% -2l 2 A methy-
lene chloride, ethanol¥} ZF45 3:5:2, 2:5:2, 2:6:2, 2:6:3 0.2
B 5 2AA 02 §E510] SmLA B shelct. 2 B
2 vaccum rotary evaporator (EYELA, Japan)Z 10 mg/mLZ
%310 ADH W ALDH 24 574 4] H7k5ko] 24 uste
u] w5} oo,

2.4.3. HPLC

Silica gel column chromatography S 4~3)3F & 7F § 424 9]
S/ M w2 HE A IR F2E2EY £82 G
column (HAIsil Cg 5micron, Higgins Analytical, Inc., USA)&
]85} HPLC (Shimadzu LC 10-A, Japan)o] 10 uyL& 34]3

o]l A5t 942 0.8 mL/min, &2 UV-visible detec-
tor (SPD-10A)S AR50 245 nmo A S48kl o, o]
A8 60% methanol-S AF-8-3} % Th.

oo

3. RESULTS AND DISCUSSION

3.1. 7|1 A g 2280 A58 A=Y
T4 = FEA NS S0t 1 &4 BT AHgo] gle
o [25], F7) A o A AEE FEl S EAFS W E
o] ofsto] YdH FofAka et acetaldehyde] A 4
o] Zﬂﬂe Shelgt e d-t7h HaE ek [17]. E3T
Lee 52 2 At o274 25% goFAjolA] ADH €44
Choi 5 [26]3} Racker [27]2] W& W dto] A ==
Z235}11, ALDH €4S Hwang 5 [28]%} Tottmar -5 [29]2]
W Hysto] ST AEE Sl A LA g7 H
o]t ADH &4 #]3|¢} ALDH &/ 5718 Bt B st
ATk [30].

3 91570] 4] ADH U ALDHE] #4& ol &= 27 9] 2|
= el #71A S of 52 7187 21 methanol, ethanol,
ethyl acetate®} =5 o|-&ato] sttt L7 A Hnj 2
#7180 25 ¢ FEES Smyml s =2 275}
ADH % ALDH &/4& 433t} 2t 552 3716t
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Fig. 1. Effect of solvent for extraction of LE on ADH (a) and ALDH (b) activities. Each extract (5 mg/mL) from LE was used for ADH
and ALDH activities. The percentage of ADH and ALDH activities was defined relative to the activity of standard enzyme (control). LE:

Lycii fructus extract.

A4S 54 T A Fig 1(a)ollA He vhet Zo)
ADH 42 7| gl 2253 H7FsHA] o2 tf 242
100%= 3}99% © methanol F&E-E 153.6%,
ethanol F=E52 152%, ethyl acetate F=E5-2 142.3%, G4
FEE0] 180.7%% &4 F7H7F RISl 24 =559
ALDH #/d-2 Fig. 1(b)ol| A E= ve} Zro] 17| duf =&
=2 A7}eFA] k& o &2 control2 100%= 352 w] me-
thanol 52 96.1%, ethanol F+&E-2 127.3%, ethyl ace-
tate TZE2 98.3%, G FEEL 134.3%= A 2717}
RIE AT 7 A= G4 28 593 1 ADH ¥

ALDH 87 37171 718 7] grel =) i A% 17144
fj &89 vt ADH % ALDHO| 2H4d& SojAl7]& &
AU 2 E Hs E FE e ol 8ot sk

32.9E | AEY] &880 E428A4 v = 9

3.21. GYYFS Fot Y 5

okg A|Eol U F 2 B3t L3 g AT B ulr} wz
& o, Monascus <2 Wu]of WREA[AA HojZl Z=o] &
g QAR EXAA G2 A9 vid-E FXA I T=
H7}Qlt} [31]. ADH Y ALDH & %tﬂ/\l 717] 91t ¢
2ko 2 7| A Q)| FEE-2 Bacillus 45 -3¢, Saccharomyces
& 3 9 Schizosaccharomyces <5 %’-—zr o]-g3slo] Hta &
Tyttt Sy 2t 35 o] &5t LA 5
2B o U F A7l T &4 dhS o] A7lste] ADH 2 ALDH
o] g W3t &elstar, Bl ekS Hg #E AA 5]
913l =2y st ATt Fig. 2(a)e} (b)oll Al H= BEe}F o] o 5= uf
Foll A3 uj R &} 712} FEE o] HIFEA] 2 HaE A
9] ufjoFol 2 v QU 4=of webA] 5E ADH 2 ALDH 2
o) 570l S FA) Gtk 712 o) 2ESL Fig 19]
A B Blo} o] @ 228 B9l 5% FADHRAS 2
o5& ul oF 180%z Sl Fok, WA 913 Ao}
E3h8 712 ) 22 2L Fig. 3014 1= vhel 20| ADH

dd& S S W of 150%= dashe Ao= 29l 4]

_{

i

flo
(|

250 [ o . subts subsp. subtilis @)
= S. cerevisiae IFO 2346
200 | == S cerevisiae IFO 2376
X 3 S ellipsoideus KCTC 7243
~ mm S pombe var. pombe KCTC 7522
2150 |
=
8
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I
2
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0
Strain - - - + + + +
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Fig. 2. Effect of medium and culture broth on ADH (a) and ALDH
(b) activities. The percentage of ADH and ALDH activities was
defined relative to the activity of standard enzyme (control).
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B. subtilis subsp. subtilis2 Q& 5t 7| A Gl FEE| U
2 ADH 2/d & Fig. 3(a)oll A K= Hpe} o] 7|4 5=
I a3 7F E ] A] 952 controlE 100%E 5F1-S uf &
A S77F e F Lol whek Stskel A sUA 176.1%, 7
AA 188.6%% Sl =l om, Ta A L7 A 2552
ADH &4 Z71+= 150%= 821 %] o] B. subtilis subsp. subtilis
= P 3 S BRANE 1 ADH B0 F71a)
= Ao & YEet). Saccharomyces & -5 L Schizosaccha-
romyces & F2 TS F A| F7| AL &5 dist
ADH 248 A 7| Al 551} v alsto] &4 o]
S718HA] ¢kttt Fig. 3(b)oll A H.i= HE} Zro] ALDH 24
& B. subtilis subsp. subtilis= WEF L7 A G| &5
B a A 7| G} 552 ALDH 241} H]u5ho]
Aol A F7FetA| §Skom, Saccharomyces & 5+ X
Schizosaccharomyces < w2 T 7 H a3 7| A G}
ZE9 FL A& u|H7F RFES 2 A controlS 100%2
L W] S cerevisiae IFO 2376 0.2 7UZ W a st L7 AL of
559 ALDH 2/ 5717} oF 158.8%= Sl = qlch W&
A 71 A G 2559 ALDH 84 571= 132.1%= &3l
E] o] 8. cerevisiae IFO 2376 2 17| Al 2&E-S U835
<= U ALDH /0] Z7}slt= A o &2 UER T

3.2.2. L F AL FYSF

S TS Al =2 ADH &4 $7HE H3ld B
subtilis subsp. subtilis®} =2 ALDH &4 Z7[= Hd S
cerevisiae IFO 2376 E-3tufjofslo] ADH2F ALDH 4] 9
2712 2041717 915} ST Fig 4@olA] B v}
Z+o| B. subtilis subsp. subtilis} S. cerevisiae IFO 23762 7Y
ZFdagh 713G} &5l tigh ADH €42 nutrient
215 o] &5tl= wl 160%, YM vjA|& o]&st3le uf
178.2% BHIE|o], Bepufors £5 771 3220
e A7 v A7 2O Z A control 100%E 39S
o ADH &4 5717F gl=gieh Ha A #7|A4gu =
Eof tjst ADH &4 Z7l= 150%= 3HQ1=|o] B. subtilis
subsp. subtilis®} S. cerevisiae IFO 23762 a3l S
ADH 2/g 0] 57185l o1, YM uj 2| of| A 797 &6} 4
o} ADH 8H4 0] 71 %7 2718 91ct. Fig, 4b)ol A 13 vl
@} Z+o| B. subtilis subsp. subtilis@} S. cerevisiae IFO 2376%2 7
AP HES A7) A G =2 Eo) theh ALDH €/d-2 nutri-
ent Wi A & ©]-§-51 35 o] A28kl o n, YM vj A & ©]-§-5}
92 ] 155.8%= EQlE] o], A| & n|H 7} YR O Z A con-
trol-& 100%%} Bl w6} 912 wf 27 F7F7F Sl = Qleh H |
A 71 A F=&Eof et ALDH 24 571= 132.1%=
ol o] YM v A& ©]-&35}4] B. subtilis subsp. subtilis2} S.
cerevisiae IFO 23762 7| A 2258 7474789
2 1 ALDH $H40] 27}3H2 202 ey,

tlo £

3.23. 5= o]
WA 5 PG 2EBOIA FART S YM )

B subtilis subsp. subtilis
250 - = S. cerevisiae IFO 2346 (@)
mm S cerevisiae IFO 2376
= S ellipsoideus KCTC 7243
200 + == S. pombe var. pombe KCTC 7522
9
<
2 150 |
=
S
100
I
2
50
0
Control LE 1 3 5 7
Fermentation time (days)
mm B subtilis subsp. subtilis
250 . 3 S. cerevisiae IFO 2346 (®)
== S cerevisiae IFO 2376
1 S ellipsoideus KCTC 7243
—~ 200 | =m S. pombe var. pombe KCTC 7522
3
>
= 150
E
- 100 |
o
|
< 50}
0

Control LE 1 3 5 7

Fermentation time (days)

Fig. 3. ADH (a) and ALDH (b) activities of LE and FLE. B. subtilis
subsp. subtilis was incubated in nutrient medium containing 5 mg/
mL LE for 7 days. Saccharomyces sp. and S. pombe var. pombe
were incubated in YM medium containing 5 mg/mL LE for 7 days.
The percentage of ADH and ALDH activities was defined relative
to the activity of standard enzyme (control). FLE: fermented Lycii
fructus extract.

| o] B. subtilis subsp. subtilis@} S. cerevisiae IFO 23762 £3}+
Hj ¥t 3 v oF A 2 sampling dho] A5 A4S &
3| Bolslgict. 1 AT}, Fig. 504 B e} o] 23t &
wF7F S TR TR o = A LA 02 FA o] A H

A

33.838 AF 71/ G FE&E vju

3.3.1. TLC

TLC 24 714 dn =52 dao| o3t =49 Mgt
£ AR I3 BE AT PG 2E2S o=
SR Fig. 61 W AF P10 2222 5
mg/mLe| FEE 24| 5 uLE FA & TLC £4& gt
Ato]m, 7} spot® RE AHEko] 314 % ADH % ALDH
B4 F7HE Slskelh Fig 6(b)oll Al H= Hhel gho] Wk a
A 7)Aol 22 Ee) ADH 4 A2 087} o272
controlZ 100%2 3}41S wj R, 4ke] 0.6821 spot No. 40f 4]
H8.6%z2 714 7 Selslglon, B F 7714 g £%
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[ == Nutrient medium
= YM medium

150 | (@ =

50 -

Control LE 1 3 5 7
Fermentation time (days)

200 [ Nutrient medium
= YM medium

<150 ®
> =
=
© 100 -
(]
I
5
< 50

0

Control LE 1 3 5 7
Fermentation time (days)

Fig. 4. ADH (a) and ALDH (b) activities of FLE by co-culture of B. subtilis subsp. subtilis and S. cerevisiae IFO 2376 in nutrient and YM
medium containing 5 mg/mL LE for 7 days. The percentage of ADH and ALDH activities was defined relative to the activity of standard

enzyme (control).

1010 -
109 | —® B. subtilis subsp. subtilis
108 | —-O— S. cerevisiae IFO 2376

107 |
108 |
10° +
104 |
108 +
102 |
10" |
100

Viable cell count (CFU/mL)

1 3 5 7
Incubation time (days)

Fig. 5. Viable cell count of strains from FLE by co-culture of B.
subtilis subsp. subtilis and S. cerevisiae IFO 2376 in YM medium
for 7 days.

29| ADH 42 R;7F0] 0.74¢1 spot No. F4of| A 120.9%=
717 7 2151 91Kk ALDH 24 Fig. 6094 2.5 o
of o] wa A Fr|A4A) 222 A R o] 0559
spot No. 20| 4] 114.2%= 7} =4 SQlEglon, e &
F7| A 2=E2 £ Rr%ko] 0.3621 spot No. Flof A
120.6%2 7} =4 Eolx| e} o] gjst 23S EU 2 2t
T 712G &=l A ADH % ALDH 845 57HA) 7|
= EAe s dur Zvlelon 247t g AR R,
Zro] 0.7421 spot No. F48} R/gk¢] 0.3691 spot No. F12.2 &
lejo] o w2 &89 Mg 7Hs 4= YEt sl

3.3.2 Silica gel column chromatography

Slhca gel column chromatography+ ¥F & A& 17| 2} g
E25E ADH Y ALDH GANARE FAE= 24

ﬂ st7] Slsf SRSt A AF 7|4 FEER

v 2k2 135 28 g EHO}@‘E} 7} .89 ADH B4 57

e e

R
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Fig. 6. ADH and ALDH activities of spots by TLC analysis of LE and FLE. TLC analysis (a) was performed on aluminium plates
precoated with silica gel 60F,s, as the stationary phase using CH,Cl, - C,HsOH - H,O (3:5:2) as mobile phase. 5 L of LE (5 mg/mL) and
FLE (5§ mg/mL) were spotted at the base line of TLC plate. The spots were visualized with ultraviolet lamp at 365 nm. Each spot was
collected to measure ADH (b) and ALDH (c) activities. The percentage of ADH and ALDH activities was defined relative to the activity of

standard enzyme (control).
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Fig. 7. ADH (a) and ALDH (b) activities of fractions by silica gel column chromatography of LE and FLE. Each fraction was concentrated
to 10 mg/mL. ADH activity was high on fraction number 60~80. ALDH activity was high on fraction number 110~132.
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Fig. 8. UV-visible spectral analysis of ADH and ALDH activator
fractions by silica gel column chromatography of LE and FLE.
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Fig. 9. ADH activity of isolated fraction according to retention time
(R) by HPLC from fractions. HPLC analysis of fraction number 66
from LE (a) and fraction number 68 (b) form FLE was performed
using a HAlsil Cig 5 micron (150 x 4.6 mm) column. The mobile
phase was consisted of methanol - water (6 : 4, v/v). The flow rate
was set to 0.8 mL/min. The injection volume was 10 uL (10 mg/
mL) and detection wavelength was set at 245 nm. Each fraction
was used for ADH activity (c). The percentage of ADH activity
was defined relative to the activity of standard enzyme (control).
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Fig. 10. ALDH activity of isolated fraction according to retention time
(Ry) by HPLC from fractions. HPLC analysis of fraction number 128
from LE (a) and fraction number 128 form FLE (b) was performed
using a HAIsil C3 5 micron (150x4.6 mm) column. The mobile phase
was consisted of methanol - water (6 : 4, v/v). The flow rate was set to
0.8 mL/min. The injection volume was 10 pL (10 mg/mL) and detec-
tion wavelength was set at 245 nm. Each fraction was used for ALDH
activity (c). The percentage of ALDH activity was defined relative to
the activity of standard enzyme (control).
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