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Abstract

X 2 (High fat, HF) MOI7t ZRESE2| W4 Me|of IS 71d 5= AS0| o2 HFojM B ACt T2{ut HFE Xt MLl XY =X A2 WA A of Ci 48 Oldh= 2 TR0 88| 0%
S&3Hmo|ct & HPE O|f HELE DX|Y 40|18 HISo S SF M ALET| HR0f| LA E|S YA Q| HBHE ZASI DX ZE X, MBS RS +HQACt

AR 8 S22 T 2020 Faldl 21 Y5 E CHEZ(CON, n=5)2 Yt ALZ, 2|1 MY I(HF, n=5)2 DAY AL20H2 33 RUCH ALS 7|2 5 M F 2 F 170 (vaginal opening, V.0.) O 28 24A|2t
T2 USRI, vio. Ol F B TNIX| WAIF7| 8 2aA|2H 7| 2 8IS ACE

225 v.0. O| F 28 0| MAIZFET| 7} Z I 3 Estrus THAIO ST UM B 314D FA| HAQ X120 2HE e & EX|SHH MAE I8l 4% paraformaldehydeOfl DY S}QUCH 1Y £ mf2bE =

Z AW E LHOf HaE M S A8 & T X8 X0 & BHESHACL
CONZ 0|l B3 HFZ 0| A v.0.7F 8t 2 7] 2HE &| 1 1 (p<0.05), V.0. Al 7| M| E 2 HF 0| §f 7HH R CHp<0.05). O1 % f 25 ZH WA 7| = HFE O] X2t FAISHH BN O SHE 0| R A HQI HHE &
UCE WA 7| 22| £ = HFZO| O 2H R 20{(p<0.05), ZEEE O 2 HF Ol A Cf %S B H|(p<0.05)2 L H &l X+ 23 (p<0.05), AH3 M (p<0.001) 0| 24 | AT
O|2{8t At DX|E A 0|7t AEY| 0|2 EF{0ff O] 2 AHEV|E RLUAI7| L B2 WA 20| 458 FE8ICHs A& LIEHHCE §3| DX 40 YYHE O 2 vo. X F CH|2H Sotof 2HE el
EOHEtH SAIFV|E DY QHEIIN A FE A2 2 EOICE DX A{0|2] ofH 2010| O] 22 SHHSlE R Tot=X|0f i F£45 AR2t asict
- -
Introduction Materials & Methods
DX YA O|& Chys
X4 0| 2010|C}. Aol 1) HEALE (CON) ESEII Q"J ilg o Mg
< " .I 2) DX ALE (HFP) ;
- . Estrous cycle & 9! - Tissues’ weight

AMAIHOf CHS Y " N ] < g - Hismlogacal%nalysxs
£35| Ot 0 A M &E A AA| - - . a.

AHEV| B gusto] & 3 \ 3 weeks of age (n=5)

PER »

Z|E VO. &Y £ 2 weeks .

Table 1. Comparison of V.O. date from female SD rat treated with high fat feeding. 5 " *
CON HF 38
-
V.0. date (PND) 3624136 3121037+ § ¢
Values are expressed as mean+SE. Significant difference is marked with an asterisk. *, p<0.05 3 4 [
Table 2. Comparison of absolute tissue weights of female SD rat treated with high fat feeding for 2 weeks post V.O. ‘E 2
3
CON HF =
CON HF
Initial body weight (g) 3872457 3852261 Fig. 3. Number of corpus luteum from HF-
V.0 body weight (g) 117.7£5.77 95.6+4.04 treated rat Values are expressed as
: = = mean+S.E. Significant diffen are marked
Terminal body weight (g) 17472928 182.9+13.65 with an astenisk. *, p<0.05.
Weight gain until V.O. weight (g) 79.0£5.60 57.0£3.17* 50
until terminal weight (g) 136.0:8.26 144341356 $ %0
3 ——
=
— 2 30
Ovary weight (mg) 2812270 42.0+2.87** s
PoALob Rl LA Jedaeny X
Ovary/Body weight 1854217 19.0+2.54 g
Uterus weight (mg) 31612352 344.9+49.74 2w
Uterus/Body weight 1620.19 2.3+021*
coN HF
Values are expressed as mean<SE Significant differences are marked with an asterisk. *, p<0.05; **; p<0.01; ***, p<0.001

Fig. 4. Number of follicles from HF-treated
rat. Values are expressed as meansSE

Fig. 2. Histological analyses of the ovary from HF-treated rat. Tissues were
applied to the standard paraffin sec and H&E staining method

CON Representative microphotographs. X<0 (S

o con
1 1 1 Yo =
£ 0 et
D 04 04 = .
1%
L L UL | g
100
E E E4 :
50
P P4 P4 é
£ o0

Outer Layer Inner Layer.

30 32 34 36 36 40 42 44 46 48 50 52 54 30 32 34 36 38 40 42
PND P Fig. 6. Thickness of myometrium from HF-
treated rat. Volues are expressed as
meansS.E. Significant differences are marked

with an asterisk. *, p<0,05; ***, p<0.001

HF

] 100 .
o4 o o z
B E ®
53
L ~ 4 Eg 60
§3
&4 E E4 Te &
g
2 P 2 iz
£ 2
032346 384042444643 %0 5254 30 32 34 35 38 40 42 44 46 48 S0 20 32 34 36 38 40 42 44 46 & B pe.m v
PND PND PND
L Fig. 7. Max. diameter of uterine gland from
< Fig. 5. Histological analyses of the uterus from HF-treated rat. Tissues were HF-treated rat. Values are expressed as
6.1 Esyous oy '"',‘f'f"',d,""l[‘"ﬂ'?J‘",‘,‘_:“"f” 9 applied to the standard paraffin section and H&E staining method  mean:SE. Significant differences are marked
valuat CC group e group Representative microphotographs. X40 (Scale bar 200um) with an asterisk ***, p<0.001

Conclusion

DX A0l =70 vo. 8 FHETICL

DX A0l O 7HH 2 MF HENOIAM vo.B FESICL

XY AO|= Y ALE M T ECt Estrous stage2| HHA P HE {F28HAH S7HAIZICH

X% A0l&= vo. BF Estrous cycleD 7|0 QHH 8} A|Z{F=CH

Ut ALE 4 FH T ECH DX A 0|29 Estrous stage THA0A O B5S A7 2HEHEICH

DX Y Mo|2o| A3 XHF250| O S X340 U E AE 2ol 8+ UCL

> 023 ZUSES DX|[YW 0|7 HE HH 45 RS # WO ZXAHO R O 2 +FQ Y88 R0 A8 EO|ELCL
| 4

LB LR ot o o

53] Estrous cycle®| Z¢ XY A 0|7} CHZRZOff H|3 Z=7|0fl QP ohEl BAFET|§ A siF & A& & RISIAUCE
YA YOl 2| = HSTo|F WAFT| QY DO Tt Of3) ST & 2Ioto] & DX A0[0] WA 2 IR 7| %tof Cist dMet £5 Q77 HRISICHD AR ElCt
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17 4oz wr} we| wsh o

F5HA St Aut % testosterone, LH £X|2 Z7HA7
7} 9Jt}(Katrina et al., 2017).

RS
£9l00 Estrous cycle2 E7A5HA stth= AL

&3l ALA|
L
=

o
=2
Uepd 2 olct

]
of A Ao]7t o2k cycle oo oAHF FI= 771*.;_‘K1L Rk H} fich. & A+
2339 ofd SD Ratol]l IAY Aoz HJESFS FTAIZ|L AlFHet V.O. =, V.
S Z7] Estrous cycle 74, ABA7|¢o] 27 % =AEHS WSt 45300

©



[I. Materials & Methods

1. Animal
SD Ratg tfjgtdto] @
71 ApE ARgstot

ol9} 8o} Fo| AR

2. Treatments

904 Folstel g
SE(20-24C)% FEIN(12407 £, 1242 £5) stolA o

=

ol AS st

Ndes= AFSAOIA AFSSE § wOjA

Table 1. Composition of AIN-93G and HFD 45% cal

. . AIN-93G HFD 45% cal
ormulation
gm % kcal % g m% kcal%
Protein 20 20 24 20
Carbohydrate 64 64 41 35
Fat 7 15 24 45
kcal/kg 4,000 4,776
Ingredient g kcal g kcal
Casein (from milk) 200 800 200 800
Corn starch 397.486 1,590 155.036 620
Sucrose 100 400 50 200
Dextrose 132 528 132 528
Cellulose 50 0 50 0
Soybean oil 70 630 25 225
Lard 0 0 175 1575
Mineral mixture 35 0 35 0
Vitamin mixture 10 40 10 40
TBHQ 0.014 0 0.014 0
L-Cystine 3 12 3 12
Choline bitartrate 2.5 0 2.5 0
Total 1000 4000 837.5 4000

e 209%9E £ 1En=5o v
A]olé 948 _]_x]tn- *]’EE _?_:_— e

- =2

A2 HFD 45% calolth. AIN-93GE & =
ol 7%olct. HFD 45% cale & 7/ & DHAET

o uj2l Aot SAstel )=

olct. AM&E2

Jl&

T

WA estrusz7lol 23l S1st9ict. 5 ol Fols 2

2 AR B, A1RE A

HE(CON)2 2t Atzs, HITLHF)2 LAY
- B AR A}%i} dub AbEE AIN-93G, WA
£

o] 20%, ©48HE0] 64%, A
o] 24%, ©ehEo] 41%, Agol 24%

=
o stgich. E3 5B LF V.O.ERE 2535 A

K Estol #AS

743t ¥, 4% Paraformaldehyde(pH 7.2)0] 4°C #]-2 E3ict.

3. Estrous cycle

Estrous cycleg 2RItz A Ae 250 %E ZF 7§AQ] V.0.5 24A[7t0tct ofd 21A]o] &

A5ttt V.02l TARE Estrous cycleg =RIst7] 5l 0.9% NaCl Ag2jAFdLS o] &

stol A MAS sto] AUl M2zE 2500, 2488 N2+ SA] Hematoxylini} Eosin B
P

=2
efolco] mwstel @akAulFoz MmN WAL F8) Estrous
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4. Histological studies

A2y Al S E5) £ASH § ZAIS £X35 XS 4% Paraformaldehyde(pH 7.2)
olA] 48A17F LAA|ZACE o]E xAlo] elaz s :z® EtOH(70%>80%>90%>95%>100%)
ZE dAloA 1AIZE 3084 S 4 £, Xyleneo] 4084 & 3¥ ©7F Fof REYLAHS AR
C}. o]%of] 56°Ce] paraffin oveno]| A| paraffin &S 3024 380 ZA ZI¥stAC.
Embedding centerof|A] paraffin 552 AAstA o o] o Apg9] 3L Abg FRNA Y
LR a7fe] 7ko 2 tprol RAls) ola] WBoA Wato] JhsetEE sigith 2ES 2
§|al sectiong & o 7HX] -20°C Y& EHZ sttt &As] Z2 paraffin 252
MicrotomeZS 0] 83l sectiondto] s5pymEA = HH H 5 45°Co] water batho] T YA &2t
ot 92 = g M5 Ax = 4 QE2 37°Co slide warmero| A X} AxsICH £A
Aylo] Batel Zefolet @A A makm AAZ 9lal Xyleneol A SR 38 Wb AT
S0l 9] paraffing Fw5] =oFQUch ol FMZ sl TAE EtOH(100% > 95% >
90% > 80% > 70%)ofA] 2t 5EX Ut LA S AN AL 0.6% Haematoxylinof A
202 FAisE 5 DW.2 $£A|5taL 0.1% Eosin BojJA] 587F EARSE H D.W.2 A5t
o|lg g2 Q3 =54 EtOH (70% > 80% > 90% > 95% > 100%) Zt A OA 5EIF &
7} 21 Xyleneo] 587F 3¥ ©rlx g Z&elol=r} of=27] Ao Histological mounting
mediumg @ojma] Au Zetrm ol Bl PPmelmetes Attt ol%
mounting mediumo] Ut2W PstAU|d S Fofl RASHA Apo| S TASHTH

I

Ol

|t

1

S A
e =

5. Statistical analysis

Ad Aol EAIA BAMHL2 Prism statistical software (Version 5, GraphPad Software
Inc, USA)E AF&5to] Mann Whitney testE ©o]83i0h of7]A U2 GHolf &2
mean+S.E. @A og2 RIAEQICE p-value 0.05 0]FH2 AR Fol/do] Qlokal w5
olm = 17§04 377HA] p<0.05, p<0.01 p<0.001 242 7 o]3yc}.
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[II. Results

1. A Atgo] ot A% Ao

PND 200] 2% AZ2 &4t o] V.07t &l 'd Asw s Jd 5% A5
E745%tHTable 2). & A5 & 15 F 2 AFolet R9dE Holx| 1l H|R5IR
(Table 2; CON vs HF, 39+4.6 vs 39+2.6 g, p>0.05). V.0.A]7]9] &5 CONZo| HF#
Hrp =7 EAE QAT 9048 QI9itHTable 2: CON vs HF, 118458 vs 96+4.0 g,
p>0.05). FFAFOA = HFFo] =7 ERFEUAX T Fod2 gllcH(Table 2; CON vs HF,
175+9.3 vs 183+13.7 g, p>0.05).

Azdstde 2z Als 54 ole Ase 583 F AZIZIA9 HEgE Al4tstlth(Table
2). Blx& AFolA V.OAIZI7HA] AlzHetgd2 CONTolA ROt Eﬂ =AU H(Table 2:
CON vs HF, 79456 vs 57+3.2 g, p<0.05). 2| & A|ZFo|A FZF A|ZF7IX]] AFHsF
HF o] oF7F ©f =QkA|ut §9]d 8 gt Table 2; CON vs HF, 136+8.3 vs 144+13.6 g,
>0.05).

2. IAY Atgo] ot AAZ|H FA| &}o]

BAZIS RAE &4 Zut HFFOA d4el BA7F fosiAl o fA % tHTable 2:
CON vs HF, 28+2.7 vs 42+2.9 g, p<0.01). Y49 At TAO|A L Olat7FR] 2 HF o] A
99l A YcHTable 2: CON vs HF, 16+1.9 vs 23+2.1 X102 %, p<0.05). Alg<
HFZoA o EAYA T 8982 ¢ otHTable 2; CON vs HF, 316+£23.5 vs 345+49.7 g,
p>0.05). Azl oAM= oi7EA] 2 HF#o] o fAgon Rold2 glqlct.(Table
2: CON vs HF, 185+21.7 vs 190+25.4 X107 %, p>0.05).

%

r&v

3. 1XHE Atz QJst V.O.A]7] @ Estrous cycle A}o]

V.0. A7](Fig. 2)= HFZo|A] CONol Blsl F+t 54 F= [t &4 EAsich(Table
3; CON vs HF, 36+1.4 vs 31£0.4 g, p<0.05). Estrus ©@Ae}t Estrus ©@#A Ato]e] o]
CONw ot HFwollA £7d5H Ay CONwolA Fat of 0.78 F= Z2A &A= JAR {2
42 o*O*EJr(Table 3: CON vs HF, 5+0.8 vs 4£0.3 days, p>0.05). V.O. o|% 3]A&7] &

7HA] eF 2% 59t Estrous cycleg £7eh ZuHFigure 3, 4) HFZolA CONgof ul3] of
FVSV‘J o]1 9t A Q1 cycleo] &HQ1%] 9T Figure 1).

olr

4. DAY AR 93 YA HO] KA Aol
da0 2E FAY i CONTEY HEwO|A Bt oF b717F |ofshA o who] Wil
THTable 4; CON vs HF, 3+1.0 vs 8+0.5 , p<0.05; Figure 5). 449 & Wtmo] 74
L CONZolA HFZuc o 27 F= Tho] AN e i9irhTable 4: Figure
5). Ata9 AtAl HaS BT Zi HFToA Fat of 6717F O Wol #AEEIAT |9
92 99Lo0](Table 5: Figure 6), AkaA 2t7ko] /o) Al HFZolA Solsh of 28um
A7 #AEHTable 5, p<0.001: Figure 6). A5 FA= vP2%E Atg252 <
mo] At2250] RE CONZRCH HFZOlq Qo5 o S7¢ 2loe Uepgri(Table 5
vzt = CON vs HF, 104+7.8 vs 130+8.8, p<0.05: ¢tZ& = CON vs HF, 73+5.8 vs

S

fin)
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71+1.2, p<0.001; Figure 6). W7 AmA L5 CONFOA] HFFETH Ho oF 6um o &
olstA F/HHHTable 5, p<0.01: Figure 6).

5. Tables & Figures

Table 2. &7 FolAq AR} Ao|7F Mgt A2 ojdl <

CON HF

Initial body weight (g) 39+4.6 39+2.6
V.0 body weight (g) 118+5.8 96+4.0
Terminal body weight (g) 175+9.3 183+13.7
Weight gain until V.O. weight (g) 79+5.6 57+3.2*

until terminal weight (g) 136+8.3 144+13.6
Ovary weight (mg) 28+2.7 42+2.9%*
Ovary/Body weight 16+1.9 23+2.1*
Uterus weight (mg) 316+23.5 345+49.7
Uterus/Body weight 185+21.7 190+25.4

Values are expressed as mean = S.E. CON (n=5), HF (n=5)
xsignificantly different from the control group, p <0.05.
xxgignificantly different from the control group, p < 0.01.

Table 3. &7 FolA LAY Alo]7} V.O. A]7]e} Estrous cycle ZoJof oj3l gk

CON HF
V.O. date (PND) 36+14 31+0.4*
Cycle length (Day) 5+0.8 4+0.3

Values are expressed as mean + S.E. CON (n=5), HF (n=b)

xsignificantly differenfrom the control group, p <0.05.

AR MO|7F AT AL AREZ| WAl M), TR AT ZE20| O1x= SF | 15



Table 4. 971 FolA LAY o7} dao] xxjsbs Wato] ]l 3
CON HF
Number of corpora lutea 3£1.0 8+0.5*
Number of follicles 36+2.1 34+54
Values are expressed as mean = S.E. CON (n=5), HF (n=5)
xsignificantly different from the control group, p <0.05.
Table 5. %% oA Ao|7} Atge] £xjsrs Wato] 05l Qg
CON HF

Number of uterine glands 19141 24122
Max. diameter of uterine gland (um) 53+2.4 80+5.6%**
Thickness of myometrium (um) Outer Layer 104+7.8 130+8.8*

Inner Layer 73+5.8 T1£1.2%%*
Thickness of lumen epithelial cell layer (um) 24+1.6 18+1.5%*

Values are expressed as mean + S.E. CON (n=5), HF (n=b)
xsignificantly different from the control group, p <0.05.
x*xgignificantly different from the control group, p < 0.01.

x*xxgignificantly different from the control group, p <0.001.
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CON

] | Y

J
30 32 34 36 38 40 42 44 46 48 50 52 5
PND

HF

V
30 32 34 36 38 40 42 44 46 48 5
PND
Figure 1. 9¥F Atge} 1 X|qF AtRES AF S SD RatoA] V.O. A29] estrous cycle.
(CON) €¥ite g AT HHET9 estrous cycle. (HF) XA AteS AT HdLY

estrous cycle. (D, diestrus; M, Metestrus; E, Estrus; P, proestrus)
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Figure 2. PND 310 #7&eh A47iy AJHl. (CON)ZRE AtmS 9l WA= otA A7}
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Figure 3. 48l At & H3
p

St CONo|A Q] estrous cycle A&
Fig 13+ Zt}. (100x%, Scale bar 100pm)

FiER

PNDQ] cycle ©A|



3 9 {
bUD3S .

Figure 4. 1 A4 At S MFsE AFLAY estrous cycle A|E.

A= Fig 13t Zth. (100x, Scale bar 100pm)
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Figure 5. A1 Alo] ojgh daolxe] £Ashy Aol MANY £H7EE s 9]

3 o] &S "o g AR A B} (40x, Scale bar 200pum)
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IV. Discussion

VA Aol Al AMAYES S7HAA B9 G EtH(Stephen et al., 2003). 1A
Alojot H|gh2 of2] AY S FHT 4 Ave Aoz dHA oy, =22 4lset 53] ofs
o= AFEZ] 7IAl0] FFe & 4 Uv Ao= d2A ArH(Chen et al., 2017 Qing et
al., 2001). &A} ofore] £74 AFo] Kléﬁ.ﬂi SopR|aL Q11 dAl EIFF Hr} 01'34 1—}0101]
7Fs ol AlaL Qltk(Paul et al., 2008). SFA]QF o] & ufolo] JAlS ofA =W st

&2 URA =1 GAIA 7|go] Zl%"%lxl A2 JEIIA Y LR e dilow ¥l
5730l =tk Al 7hs AR A&AR] AR ARRA FAF 57 Theslde AIEA

1

o o = 1. o a [SRke] = lﬁ':‘ol'
A1 o= A= AMFH|E F7tR Ao w2 RAS 4o 4 Qltt matA] TAY Al
oo w2 ArE7] JHAIQ ABAlsE wsto] thsh At= st Ql o] Qo o &
Aol ZEHOME FQ3St 9u|S ZHA I oy, B A= w2 A d59 99 F stz
Xl 1A Aol ol SD Rat 7o o]&sto] whE ALE7| GZotil AFHaE L A
7139] A, Estrous cycle, AJA17]¢o] xA|sHA #Arg Foff YopEQfrt

1. IXgF Ao|7} A|&of O]X|+= F&Fol| gt &

CON+tt vlwsto] HEFOA] V.0. Al7]19] AB5 A x AFolA V.OAI7|17HA] Q] AlEwst

7b %051 AickTable 2). V.07 23 7I7be CONZo ulmste] HFZolA £ojst
A WEEQICKTable 3). V.09 A AlF U AFHskgw 717k V.0.0 932
A= 29l0] V.0.A1719) AR AFo] obd A Aoo]A] v]RE Zoz A5 4 9

ch

2. 2AY HolZb AR $A0F 27800 71 Gl cht 0

a0k Abgo] Ao BA} TRAL 25 HFZolA £33 BAE|cHTable 2). £7)st
79.0 WA= HFEZOlA Haet Abgo] ©f fho] &gt Zio] HAEQITE. CONtof uls|
HFE oA T4l 48 FA7E o o] WAEJA, Aba2 AtaAle] 7ia7E of @i, ohat
£l AtgdS S RSl o A% tH(Table 4, 5; Figure 5, 6). o]2{gt HF -9
A7 ‘Q%‘S HF?LOﬂ’\i V.0.7F BA ot | AJA7]o] CONHof| vlsh & 7]1to]
g A7 tiwer FEHG. A= AdGAZL V.0.2 QIsto] AAT|Ho] o EFEJTL &
S ag 2 *e‘%.‘oﬂ/ﬂ% IA Alo]7t V.0.9] 27] Ao = FAGL 5T

o3

Jlge] whe we] A3k £ 290 ofet 1A
AA Aol AUl9] 1‘%*0% S7HA1Z1tHStephen et al., 2003). 9 ofyzt A|R¥A|
ool BH|A]ZItHJade et al., 2017; Mona et al., 2016). E-2 X]
SR AAbstRo] AMgste] AlSat AL e PaHo
of2] 7o oJsh Aelo] ofulx] A A Wat ket Alaty:
~ufataA] AAAA WSt choet Eo Alelatd oz ole F03 A4S stk Zo]
urs] A E}(Damd et al., 2010; José et al 2011). ¥%o]8 AHESH AFoA+=
YEEe BAM AAFs2EQ LHeF FSHe| 28|15 S7HZE 4 Qv Aozt BuEQH

(Patricia et al., 1998). 3lo] oja] Rulgl AAM A2z aBe Jsawo x2S £45
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AHEZIE e T 4 o B A Has FEHo thieh 284 mRNAS 7HAAL Qlo
5 A= 7oz duEQitkLeon et al., 2001). & A+ ZAupet 2
o

4. 71 X|qk Alo|7} Estrous cycleof U]X]=
ojFe] ALoA= A Ao]7} Estrous cycleg = P greoa B gy 7-9%
SD & dFollA ARG Ao] Aol tiE BIs Estrous cycleo] &+
= ¥ 17} 9Jch(Hussain et al., 2016). A}$ 23% SD Rat2 ©o]&5t A
oMz 1AY Alo] AdFo| Estrous cycleo] ©f EB3AlsHA WAt Qch(Katrina et al.,

Tl ther vA&
F al

S|
s}

ol

(@]
pi

=o,\=' rn

2

m){' rﬂ

< o]o] 71 & 520 ZAY AL2E F£AY V.0. o] 8% WA] 1457}
A Hlﬂ AR Aaks Hoj&E ol SR 2 AdoA = ofAl dAo R )&
g 373 WiRE RS AtgES MAFAZFen V.0, olF 2779 w7t Z9t] Estrous
cycleftZ #ASEITH 1 Auk V.O. o] 3|4 AR7A] £7] of 25 &<t HFFoA CON

v = =

w+HT ¢ A olal ARl cycled H o & THFigure 1).

ARl Alo]l2 gt A AME7] 7iA] AlSo= Estrous cycleo] 20Ha1A] A&t A&}
/S Aotttk SHRIgE AREZ] 7HA] ol dRE el 1A Alo]= whE V.0.§ 71AEY &
Alofl RFFAQI cycled Z7HAYTE ol AIZ|HEE Q] 1A Aloje} whE V.O. ¥Ay ey 1
ojgoe X&H VAY HF7HA] A Ao cycle et gQlo] e &42& FEECH
DTFAQS tidos st S/ Aol =W £749 Lolrt 01%#% ’Eﬁd 4EZ2 AIA
P77 A A- 7Igto]l A2 1Fo] ¢ ol FE:shes PPFS EtHFrancoise et al.,
2002). 227] tjZo] wE V.0. Ao a9lo] 9l & Qlrt.

SHAIRE W=7 cycleo] QHstE]= @Qlo=w yX[HAlolo] ofs iRy FEHo] AE5IAS
S= ot ;Yo wEHlE tiada 22 Al7] dd]sto] AR AFFs 280 BEE

a
15
3 Q35|38 AH¥E9] Estrous cycleg iR+ Tid] QAR OCZ

= oot
2 AFoM= ofg] 2uprt "y Aol Q1S Zojety FEE A DAY Ao] - #E -
V.0. A% Estrous cycle Mg 7to] AAIsh BAFA tAHAYE2 ofA] FHE L QA Yot 1

2oz o2 95l DAY Molg 3 2 FolA of® a9l V.0. A% Estrous cycled
WHAHEA 24 APt Basit,

>
i)
Ir
o
o

a3

AP0l Alo]2 gt 129] Estrous cycledt &2] oFgA
AgolA ol2iet Axprt Rt gE HiAYES 2
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Introduction

s Bo| S22 &, AY/ZEGH|, HMFAIME), Me 30| 53 22 3138tY XBE2 LD 90 ME3HY X He iAo 17| 20 U
FS WohE 5 ol 4d¥olct o2 2HES siAsty| s %‘%Q’ﬂ 5—’4% E3 X8 QE'Ol Zasty|, %2 0|0 ALl

DNA etabarcodmgoltf DE MHME jl_g.g| A7IMg S 7H|-T'- A0IAM O|E YZo| RHA MEF (D2 AR £ A=,
MH°qg%mwmmazmﬂmvw*nﬁwmgngmhmw&gﬂ FHR} FYE DWWmm“ﬂldlmMMammwmmJWA
BarcodeZ O|83}0] 8 A2 Lf 32 MY 5 U= 7|20[Ch DNA Metabarcoding2 A2 2 25 FH0| 7hs58th, A2 8 Alo= Matk
(Maturase K)Q} rbel (rublsco Large) REXIE F2 *f%a“:l’ ety 2 A0 = AIS0AM E3| Foh= A2 OfFtA|oF B2 3HE DNAE FEoI1,
0|8 Matk STXt2 SE8H Cloningstd Sequence A2 Sofl 2SS R4& Ostn F2 TSI AEUNE st WSy X& o

£82 2% sict
| - ‘\

DNA Extraction PCR Gel Extraction Cloning Sequence analysis

Materials & Methods

Results & Discussion

Toble 1. M & O}7tA|ObES| & Tt AR

Sample number Species name x| oM 7|
sM1 Robinia sp. B AT ROp0f AN | S~6%
sm2 Sorbus sp. M3 ez 5-6%
MG TOM070 Sortuss sucupana
o sm3 Robinia sp. M3 AL HOJR A | 5-6%
- S 7
| MGTOM6! Meromeias folgnos (Sarbus faigner sMme Robinia sp, =AM, sopoje|pd 5~6%
5181058 Mcrormons foywn (St el SMS Chelidonium majus HR Rz 5~69
r DOR0451 Ana ainfci (Sadus ainioha)
it otamied. cindec M6 Roviniasp. | ®R AN RopopAA | 5-6%
KY40010 Sardus oinfoha
; KXGTTI7S Aol ainfols (Outgrocs) SM7 Chelidonium majus M2 X 5-68
e  KXTT752 Amuianciver ol (Outroup] SM3 Robinia sp, R A5 RO 7pA 5-6%
> sme Chelidonium majus 3 e 5-6%
o sM10 Chelidonium majus R ez 568
Fig. 2. Sorbus RS2 FHSIE sample] ARS #4 W (SM2) SM11 Robinia sp. I A wopofei 2l | S~6%
SM12 Rosa sp. R ¢ S-7H
fig. 1. Robinia 822 FAUElE sample®] 4B+ 4 AN sm13 Rosa sp. 3 gz 5-79
(SM1, 3,4, 6, 8 11, 15, 16, 17, 19, 20, 21, 22, 23, 24, 25)
Pt SM14 Chelidoniurm majus M3 = 5~68
DR sM15 Robinia sp. 2 A Rojof2| st | s-68
SM16 Robinia sp. I 4X; swopoj2rY | 5-6%
SM17 Robinia sp. T A, sopofe| 2p A S-6%
sm18 Chelidonium majus R g S~64
SM19 Robinia sp. M3 415 sopof) 2p A S~6%
SM20 Robinia sp. MR AT wopojRIF R | 5-68
sSM21 Robinia sp. TR AT sopofe| 2pa Lt S~6%
Fig. 4. Rosa %28 FHE|E sample®| 285 ¥4 22 (SM12.13) SM22 Robinia sp. MR AIXE; HOJ0§2| FHRA 5-6%
SM23 Robinia sp. M3 AW wopof2 b | s~68
SM24 Robi X HR A ojo§2) 7l <
Fig. 3. Chelidonium majus® & sample2| 4B+ B4 2 i v afli, o s il
(SMS, 7,9, 10, 14,18, 19) SM25 Robinia sp. R 4 Ropog2 AL [ S-6F

HEYO| ALETH M2 OfFtA|OF BOj| ZEEl A E F2| 64%7} Robinia % (OF7HA|OILER)2 2 O| 20N QUCHs A S & QISHRACE ShX| 2 LI X| CHE
A& FS0| OFFHAIOHOMIIAL) LEF2| 7§32t A|Z|9f HIZ3ICH= Zdat L}Dixl A& 30| 3e%2ts 2 HI%S Jixista 2Uche Aoz 20}
AHgeh B8 Of7tA|OF E0l2tal B R 7| o|2Ctn WEHSHRIC £3F 2 °‘~'r“‘ 2K 257} 2] sample E sequencing& TIVSIA7| Y20 Mg
OffAjo} Bo| F BHHO| M S8 3«‘25}7|°.1' SE3iCt 0|of Wet =2 NHE NHo|ME sample?| =& 52 HEHo= dygo=M H¥
Zafe| M2l=E &Y A0[0f O Liop7t & %J*‘OIIA‘I A% MatK 0| 2|0 & rbcL2t 22 DNA Metabarcodingoﬂ AH8SHE OHE 3% RENES
AH83H0] O] WYL T WO YedE =0|= AS SE=E gUC

Conclusion

Sxf JtR Bop MY B PO AH8SHE WHOl= EA S9/AH| ZHALR 22 315HE YWY E #o|g ’g%?ﬂ’ﬂ 24 YUY e 0|85 AKX YCh
MESHE EM2 Ol%‘ A Boj ZatEl M2 A8 F52 0ietsio] Boj| st W2BsHY X EE SHBCHA & o MAXOo|D Hst £77t 7ts8iE
Zi0|ct. [LfEiH HEME 28 Alg '-HOIIME 0131 Z8 544 & & A+ DNA MetabarcodingS 01%5}"":}. AlSOAN TOfE|= M2 Ot7FA|OF B2
3} DNAS %3}01 PCRJ.} C!oning EE 8l T 257 samplel| sequenceE ARACE 1F sequencing® S8l 2571 sampleS| T TS TS| ALt
1 Z2t 2571 sample & Robinia 20| 1674, C'he//don/um majus | 67, Rosa % 27M, Sorbus & 1702 LtE}G D 0|8 B2 LIENN D 64%E Robinia 50|
AX|SHU D Chelidonium majus?t 24%, Rosa 40| 8%, Sorbus %0| 4% X}X]&l Ch.

oj2|st 2 Ao Zits AFUAXES oM B E:‘n*’gg st WESH X85 E80| WRMS XAIBHCE 12|10 LIOH2F NGSQt 22 WAl S 0|84) ¢
U2 FF79 ES Sequencingsto] EHO|E| & 155t BEESIE W23 X|HEE M O =80 € &= AS 0|2t 2|chsict.
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Introduction
B2 29 F5ol Tt W&, ofbAlobE, FahEo] ledl ZZ of, 7], Mol tiact. v
T2 Alo] A ZAAS mu ghif gFo] FFsto] 29Fo] A SAHCH: ofgo g © Wol o
|E| 1 OFfAJopE2 Alo] Efsta ron gro] Regly 220 2juet AFdEC] Y W
o] A= FTolth. A auetolr 2013 129K E o Eﬁ* B F7Y E4E ol&std
AHAPE BOl B4 Afolg ¥l FUiY 4 EE B 5
s34 %*%Eih %Q S, B EETH], HMF(AA =

El-lﬁ

o7iste] “1* (premium

2 =
St o2 ) 527, “1(special) 51”, “2(standard)s&" @A &
o7 YA 7E1Ur ol2fgt Bt YAl ofZFAlotY HHE 5ol thE =i ARERY oF
U Ad Bof Aol Aoty AA=AE &3t 29 A9 oREF oA Am=9 YERd
AL AZSHA AHme viAE o] AU Eof nad AE &2 WYY 2 o o B 5%
g YAY] SHAR 0] ofEEITHH 4IRS FHE Yot el WATE 4 o AA=
A'd 201260 o= & HOGA= AFY EEO] &3 52 50% 43 =5t & 7tetd M
A9F UIFRE Eo] U4l HE 100%Q1 of7fAlobE H SR QI AXM™E &of Tof A
7F Bl 201490 = Fst 5402 Qs FUlolA FAl §7EER] k2 UlBAF oA Eol

wUHol BAES 24ste 2vAE0] Foid Ak ot
ot TAlES WAL &2 JJFEMWE gidst] fsiM= Bestd 242 53 A&
shgol ey, & oo AREEL Q= A Wiol DNA Metabarcodingo|th. 2+ A3
AL 280l QML AT ol olF ATl GAR ARF(DIOZ ALEE 4
gl, ojZ2 o2 9 Ato]E Hol7] ffZo| F HEo o]&Z 4 Ut} ojuff ALEH
MAF 998 DNA Barcodeztil stil DNA Metabarcoding DNA BarcodeE o] &
T AR U 52 58 4 9t 7Ieclth. DNA Metabarcoding2 A2 &5 ZF 5740
7} stdl, A& &7 Ao+ MatK (Maturase K)o rbcl (rubisco Large) §HALS £2 A}

EﬂrEJr’\i AFoA = AlEolA &3] FAst= A2 ofFHAloF &9 shE DNAE FEshil, o]
Z3] Cloningdto Sequence 24 £5f MESHA Q45 mfotsta &
2 9 et AlE g0 =g FuA} dct.

Material & Method

1. DNA extraction

AlsolA HUjEE Ae dEollA BAIYES &l AESH of7tAIor &2 FLuliste] Ao
ArEsERTE 29 Ads AAst?] $sl of7tAlotE 25mlet D.W 25mlE 2% sho{(F 50ml
conical tube 37l) 2min&<¢F Voltexingst & 60°C 30min?t Incubation sij&th. 7 &
Centrifuge 8000rpmoj|A] 20ming Ar&02 st D.W 20ml2 doj& & C}A]
Centrifuge 8000rpmoflA] 20min-z-¢t sj&ct. o]=Z A &H st A|goA DNAE F&E517] 95
Bioneer Maglisto™ 5M Plant Genomic DNA Extraction KitE AFg5}%iTh
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Fig. 1. A& d&70M =A 3oz AEet M2 of

Fhalob 2] ApA

2. PCR

MatK SAAS SZ517] 98 2X TOPsimple™ DyeMIX-nTaqg 10p0, Template DNA 5
10, MatK Primer(1%) 2u0, D.W 3m0ES &35t total volume 20m0=2 #HASH & PCRE
Z138steiet. PCR 1golA MatK SRAF U] 38T 800bpRrg9] Hio] ZHEon] A}
25t Primer= MatK-xf;MatK-MALPo]|C}.

Table 1. MatK @744

primer A LPlaeis Reference
MatK-xf TAA TTT ACG ATC AAT TCA TTC | Forward Ford et al., 2009
Matk-MALP | ~ACA AGA AAG TCG AAG TAT | Reverse | DUnning & =avolainen,
Table 2. PCR cycle =71
oA 25 AZF cycle 2
Denature 95°C 2 min 1 cycle
Denature 95°C 30 sec
Annealing Grad. 1 min 35 cycle
Extention 72°C 1 min
Extention 72°C 5 min 1 cycle
Store 4°C

3. Gel Extraction

PCR product® $d 1% 5i0ES 1% agarose geloA] 308 A7]¥9% slo], 800bp2)
bandS Gel Extraction XI5ttt  Gel Extraction® AccuPrep® PCR;Gel DNA
Purification Kito] @2} 3 volumes® FB BufferS PCR producto] Y1 1 volume9]
isopropanolg F7et¥ct. 1 2 &35S binding columnd] 21 14,000rpmo]] 1&7F
centrifugest & 2 ml collection tube”’} 9/ binding column®] 271tk W2 Buffer 500
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s gojE & oAl 14,000 rpmofA 181t centrifugest & o] ugZ wHESt 1 ©
14,000 rpmojlA] 187F centrifugedfZo] washing bufferS A5t M2 1.5 ml
micro centrifuge tube’t 9l= binding columnof 271tt. EA Buffer 30 uplE binding
columnof] Y1 18ZF elutiono] HE= 7|tfd 3 14,000rpmo] 1837F centrifugedsto]
purified fragment DNAS A=t}

4. Cloning

Gel extractionoA] 42 DNAE Insertz Z2Y ZIdistg . TOPcloner™ PCR Cloning
KitS AFE5to] pTOP TA V2 Vector 1pd, 6XTOP cloner buffer 1p0, PCR product 119,
D.W 310 &35} ligation mixS Y=t} ligation mix 4p0S DHba competent E. colio]
Jol& & Ampicillino] E&HE LBHjX]2F Ampicillinyt Kanamycino] & T} Z$h= LBHiX]
of =a5to] SFFE=90F vjsitt, viY &, Plasmid Miniprep S&V kitE AF238jA] plasmid
DNAE F&E3to] AlstaAa EcoRIE 1AZF X8| & 1% TAE agarose gel AofA H7]1F=&
Aegstatt. A4S &l ¥ B =Ul A&7 ((Bionics, Seoul, Korea)o 9|25}
o] Sequence analysisS X1385t9ct. s ZAyt= NCBI BLASTES 0|85t Th2 sequence

S} vjngto 2R Aol AT A of7tAlol Bl & WS AaYslolct.
TOPO
N S-Ioxz E_Zx—=—==
msag%gue Suemsgasgw
I I~Xxwnouvomu Waum=Z2XZ2X<< l

pTOP TA V2
3807 bp

5. k]o:] 1:11\-] 1:|1
Geneious 9.1.88 E3f qualitys &Qlsta, <

As
SequencmgE %éﬁ qde 5} =
A 2] NCBI BLASTE ©o]8&35t9] Genbank® MEEy vjw, &4

EcoRI A|E& A
Sl 3¢ masiAn

BLAST ZAxt, 98% ol49 fALEE Bole AAa RAdA vlus sl d7IM2ES MEGA
X program2 A835t0] Kimura-2-Parameter distance modeld]] 2lst && AHz| = AALSH
11 Neighbor-joining method& ©o|&sto] AE4E AAdstgT).
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Results

1. DNA Extraction ZAx}

% 75mle] A& of7fAlo} BEREE DNAE FE519 47]9] DNA sample?] %o} 5L &
g3t &, PCRO| o]&s}ict.

Ay

Table 3. DNA Extraction 2t

sample A260/230 A260/280 Conc. (ng/ul)
SB 1 0.947 1.781 21.25
SB 2 0.980 1.499 29.49
SB 3 0.831 1.830 21.59
SB 4 1.149 1.215 56.76

2. PCR R7|9& 22

SRR R e S e S e

Fig. 3. 1% agarose gelo|A] X7|d9& 2} A%l

1. Marker; 2. MatK 40.0; 3. MatK 41.0; 4. MatK 42.0; 5. MatK 44.0; 6. MatK 46.4; 7.
MatK 48.8; 8. MatK 51.2; 9.MatK 53.6; 10. MatK 56.0; 11. MatK 58.0; 12. MatK 59.0;
13. MatK 60.0

2o FA n ot th27] fj&of 40°C~60°C
O]l:} I Axf, 2HEE 8¥H7HA] MatKQ] target

L—v—‘
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Fig. 4. Ampicillino] Z3tel LBHjX] Fig. 5. Ampicillin?t Kanamycin & ©}
247121 v F = AR L3tE LBURA] 24A17F v} & AFAl

Fig. 49} Fig. 5 ZulolA] Ecol’t 25 & W]gs 21g Zstgct. ujgs colony % 2]
7} 2 colony&< pipette© 2 o] plasmidE F&E519 AsteE4AE A2jst &, plasmid
S FE3519 1% Agarose gelo|A 7|85 Zledst3itt.

L

Fig. 6. cloning A|gta 4 A2]Z1H1)

1. Marker; 2. SM1; 3. SM2; 4. SM3; 5. SM4; 6. SM5b

7 8 9 1011 12

Fig. 7. cloning A|stgaAa *2]Z231H(2)

ME OF7FAIOF E9] ofF F7IME 245 &t & HE | 35



1. Marker; 2. SM6; 3. SM7; 4. SM8; 5. SM9; 6. SM10; 7. SM11;
8. SM12; 9. SM13

Fig. 8. cloning A|st&4 X 2] Z21H3)

1. Marker; 2. SM14; 3. SM15; 4. SM16; 5. SM17; 6. SM18; 7. SM19; 8. SM20

1 2

Fig. 9. cloning At 4 A2 ZA1H4)

1. Marker; 2. SM21; 3. SM22; 4. SM23; 5. SM 24; 6. SM25; 7. SM26; 8.
SM 27; 9. SM28; 10. SM29; 11. SM30; 12. SM31; 13. SM32; 14. SM33

56 7 8 9 10

Fig. 10. cloning A|stg 4 *]2]Z21K5)
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1. Marker; 2. SM34; 3. SM35; 4. SM36; 5. SM37; 6. SM38; 7. SM39;
8. SM40; 9. SM41; 10. SM42

Fig. 6 ~ Fig. 100~ A3t Marker= Fig. 30fA] A}83St Zat =Ustot.

Plasmid DNAO] AlstgAES A2|dh7] T2 insert DNAZ} ArQl=lS A] vector?} insert
DNA band, & 27§9] band’} Uettof stct. & 257HQ] sampleoA] 9F 3000bp vector?]
band®?t 800bp2] insert DNA band’t WAL QCH Fig. 6 ~ Fig. 1004 €& 257}9]
sampleg 0|83l Sequence analysisE X1385}%ct.

3. Sequence analysis

A& OF7FAot %EHH A2 25719 714 EZ NCBI BLASTeF Alegs AMd= &
59t & 25719 A€ BLASTS &35 NCBI GenBank U o2 d7|AEE0} v|ag
e gget 350 98%0]’8—1 LR =E Hof At & i A JAt
= 16719] sample (SM1, 3, 4, 6, 8, 11, 15, 16, 17, 19, 20, 21, 22, 23, 24, 25)9]
BLAST A}, Robinia & ot otUe} Genisitidium, Peteria, Olney, Poissonia, Coursetia
L0t 98% o9 YA=E BT ZAlewA 2 Alg B Robinia £ 7102 UERG
HFig. 11). SM29] BLAST ZAi}, Sorbus &, Micromeles folgneri, Aria alnifolia?t
99.8%9] SAtEES HYtt. Micromeles folgneri, Aria alnifolia= 7Y7Y Sorbus folgneri,
Sorbus alnifolia®l =% o]HQl Z1& sQldlic}t. metA] SM2& Sorbus £9°] &0z TE
tHFig. 12). & 77§ sample (SMb, 7, 9, 10, 14, 18, 19)9] BLAST ZAyt Chelidonium
majus ¥ OotYe}  Stylophorum &3} 98%0]4Q UX=E HIOoU, AlEEA Ayt
Chelidonium majus 2t 2 87|42 o|&9thHFig. 13). SM12, 139] BLAST Z1} Rosa
5o oot FEW AT 99%olyel AXEES BoAHFig. 14). ASEA A
Chelidonium majusS M5t UHA] sampleS2 £7HK] o] BI7t5351910, & £25302
Table 3% ERSIYT ol% EUE 2 A= FWH AWE Table 3o Uehiglct. 1ejn
Rosa, Sorbus, Robinia, Chelidonium majus® 8]9S Fig. 152 UEeRdch T Ay}
Robinia £0] 64%% 71 =2 v|&S AK|si1 1 b0 2 Chelidonium majus’t 24%,
Rosa 40| 8%, Sorbus 40| 4% +02 =2 H|&S AHX|SHC

2 |
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0|



— @ SM25
NC026684 Robinia pseudoacacia
@® sn6
— @ Sh4
@ Sni21
5| | @ SM20
JX517993 Robinia pseudoacacia
@ sm1
40 @ Sni22
57— @ SM1
KX676924 Robinia hispida
® sn15

72 @® sm17
— @ SM16
@ s
HNMN049518 Robinia pseudoacacia
AF142728 Robinia pseudoacacia
HE970729 Robinia pseudoacacia
@ Sn24
x| @ SM3
M ® sn19
hMK212133 Robinia pseudoacacia
33| KX677323 Robinia pseudoacacia
@ Snm23

—— HM049519 Robinia hispida
——— HM®851141 Robinia pseudoacacia
| AF543857 Olneya tesota

31 85 L— AF543859 Olneya tesota

_(7 AF543858 Genistidium dumosum
66 KX267825 Peteria scoparia
AF547192 Poissonia heterantha
—94|jAF5471 88 Poissonia weberbaueri
JQ587568 Coursetia elliptica
47 AF543855 Coursetia insomniifolia

—— AF547197 Gliricidia sepium (Outgroup)
100 L——— AF547196 Gliricidia maculata (Outgroup)

53

=)

51

17

_
0.0050

Fig. 11. Robinia £0 2 FA L= sampled] AE4H B4 Ayt (SMI, 3, 4, 6, 8, 11,
15, 16, 17, 19, 20, 21, 22, 23, 24, 25)
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MG 704070 Sorbus aucupana

® s\2

g

o5 MG704061 Micromeles folgnen (Sorbus folgneri)

63 | MK 161058 Micromeles folgneri (Sorbus folgneri)
DQ860451 Aria alnifolia (Sorbus alnifolia)
KY420010 Sorbus alnifolia
EE— KX677776 Amelanchier alnifolia (Outgroup)

KX677752 Amelanchier alnifolia (Outgroup)

0.001

Fig. 12. Sorbus £0 2 FAL= sample?] A&ES B4 ATHSM2)

89

® swnm5
® Sn7
—— @ SM18
@® sni9
® swn10

® sSn14

MG769017 Chelidonium majus
HQ593230 Chelidonium majus
MG769018 Chelidonium majus
MG769019 Chelidonium majus

G Q434280 Chelidonium majus

4|— MF350125 Stylophorum diphyilum

88 | JX087859 Stylophorum diphyllum
| NMG769021 Coreanomecon hylomeconoides (Outgroup)

100 L—— MG 769024 Coreanomecon hylomeconoides (Outgroup)

0.0020

Fig. 13. Chelidonium majus® FXE|= sample?] A& B4 Ayt (SM5, 7, 9, 10, 14,

18, 19)

e @ sm12
@® SM13
MG523859 Rosa chinensis

KY419934 Rosa lichiangensis

MG727864 Rosa lucieae

MG727865 Rosa maximowicziana

MG893867 Rosa multifiora

| KY419984 Acaena pinnatifida (Outgroup)

_—
0.0050

100
| MF963761 Acaena pinnatifida (Outgroup)

Fig. 14. Rosa &0 2 ZFAEE sample?] AlE4 B4 At (SM12, 13)
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Table 4. A& o}7}A|o}&9o] = uwd Aw}

Sample number Species name A ATR] 7N3HA] 7]
SM1 Robinia sp. A= AR Sotua]7hd At 5~6Y
SM2 Sorbus sp. A= B 5~6Y
SM3 Robinia sp. A= AL Sotul|2]7HA Ak 5~64
SM4 Robinia sp. A2 Al Sojulelztdal | 5-6%
SM5 Chelidonium majus Nt En 5~6¥
SM6 Robinia sp. A= AR, Sotd|2] 74t 5~694
SM7 Chelidonium majus Nt En 5~6<¥4
SM8 Robinia sp. A= A Zopd|2]7Hd At 5~64
SM9 Chelidonium majus K=t B 5~6Y
SM10 Chelidonium majus A=t B 5~6Y
SMI1 Robinia sp. A= AR Fotu2]7Ha At 5~64
SM12 Rosa sp. A= 22 5~74
SM13 Rosa sp. A= 22 5~74
SM14 Chelidonium majus A=t B3 5~6<Y4
SM15 Robinia sp. A2 Al Sojulelztdal | 5.6
SM16 Robinia sp. A AR Rolulastdal | 569
SM17 Robinia sp. A= AR, Sotd| 2|7t 5~64
SM18 Chelidonium majus A= 23 5~64
SMI19 Robinia sp. A= Al Sotd2]7he 4t 5~6Y
SMZ20 Robinia sp. A= AR Zotd|2]7Hd 4t 5~64
SM21 Robinia sp. A= AR Sopofelstasl | 5.6
SM22 Robinia sp. A= AR Hotwjal7t st | 569
SM23 Robinia sp. M2 AR Hoty|2)7HY Al 5~6Y
SM24 Robinia sp. A AR Sotu2]7hd At 5~64
SM25 Robinia sp. A= ARl Sotuf2]7Hd At 5~69
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0| M X =8 ADHS| x| H
MAX 0|8 7}5d A+

oy, ZME, dXM, X G, d2F, Loz
YYCSn YIS EAYEI AL

Abstract

B = o 3240 B2 oM HAAY nt2t o= Hol2 2Jo%E, AF, 5Y o ChE Mol - — e —
A8l Qch AFME YIAF 2 T2 ADH(Alcohol dehydrogenase)s HF SJAHF#ot opLj2t a— i )
JIsME, 7S SHE, 228 HA ST 83 BB + AT WRAN 2 AROME DRIVIAE XL 0 ™ _
ADHE THZEF THYFo| HWEj2 YAstn, oo XN YHUZAF YMSX $Ch of Ltobzh #Xt AfE 20 N <

DcHSP70% O|8310] AR 7tsd +8/d MEE ADHE YUst X} $tct 2 HF0|AM & Wild type(BL21), pET11a- / '“‘"‘“"“z?

Introduction

17 proconte ¢ W1 Bamii?

6His-ADH in BL21, 6His-ADH-pET11a in BL21 expressing DcHSP708& AM83I2UCH 2t MBI & 16°C, 25°C, 37°COIM ‘T

BBt IPTGE X2I3t0| 1h, 2, 3h, 4h, 16h S CHSAZIS0], =T ADHO| Y2 SDS-PAGEE &3l .

golstict HEZIL 16°CoUIM 16A12E S IPTGO| i F S 6His-ADH-pET11a in BL21 expressing DcHSP700{| A, Lt "

71 qoufiofl Fots 7hE B2 Lol MEE ADHZ YHEIACE 2 AT E MEF ADHE| 21X LYHEUE & * S

Ofo| MAX CHYLE ST 7|UHE OFASIRACHS lojl 2J27t Y20y, Ol Y22 ChE XYxF THIEE diHs}7| -

912 34 o17e) HHeol 5o S8 ABH Ho 2 oy EC B R e R s s SHE
Materials and Methods

& APOME 7|22 R2Y YYHC ¢ M2 FAWOP} HCH= VUF 21 YEWEY
Yok GEF FUH W Dawcus carota®| HSPT0 R HAHE Y YISI0) UE $AVS Y2
Fig. 2. Escherichia coli
2 UM RMEY ADHS WU TR

pET1a

cell line® OIE|SACE DeHSPTO FUXE WS #8 Z2ZIEHZ & Lipoprotein(lpp)
promoter7t AHBSIAL0Y, Lpp promoterts FIO $IXIT FUXHE HYAIZ Woishs KYE 71H
DcHSPI02| W& FE 0L

e )
AHg ¢ 0] 3 golct 2 e WES ADH B8 S5 =3 =S ADH W 2ol
HYEAE Wild type BL2I(DE3) - ) : -
F21A0|S0] ADH?} RIS pETIla- Z& WY B 0.0, <0.6% M, PTG X{2|3H M Z0f protein extraction buffer§
6HissADH  in  BL21, ADH < X LBU{X| O b X5 o] 2] 0.5mMe| IPTGH B X| TA| &2 HIFS5ED sonicationdH] B R E=E Y
DcHSP700| 242 §eatA0 =9 0.1% 23 & B0 0.1% £ 23 X265t 0| # 1otal, soluble, insoluble HEfE Lt+0f Xf =T
22 genomeOf & UE 6His-ADH- 16°C, 25°C, 37°C / 225rpmOll A B2} 1h.2h. 3h.4h. 16h S0t S 8 2 T 54
pET11a in BL21 expressing DeHSP700] 2573100/ 2254 ity sl Bl O b ADHS| ¥# & SDS-PAGER ¢l
ABEIACH | (IPTG D[X2| HEI = 4%

Results and Discussion

25°C 37°C
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- —— = i - .o & ﬁ 24 '
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ADH S & 8 =
n e ._:«_ ii": » .
. :..8~!i‘-:,-,!5 . .
- mESs peied |
Fig. 3. 16°COJA] B 8 CHE 3 Ol A 2 24 & rotal T ZEBE ADH Fig. 4. 25°COIM i 8! CHE Ol A R E! rotal AZET} ADH Fig. 5. 37°COIA] B8 CRE Ol A B! roral =T} ADH
THZES aoH THES| 37| 37k0a2E, & A0 EAIBHACH BE HYRE B 25°CHA MET AoH7t 71 ®E2 LUSIASD], 116 =& AlIZ0| HOjFO w2t HEE AoHS| WEHYO| F2HIUCE
EYHOl= CHE WY 0f Blol =2 W F& 2OILL P16 M2| AlZto] YUY ok BCh K| ipTeE X2le AIZIO] HOESE CHYE  ipreE M2I8tR IMUMAIE HEY Aonel WET} voﬂ x| @eLt,
et A= ADHS| W O| Bt YHE B ACH YWHRBO| ZYRLCE AL YUE RACH 4|2t O] HLE| main band 2 Xt2I LA S & 2R + 2UT
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o ¥ 8§ o w .
== 3 s
S sn:.-_.z
Fig. 6. 16°COj A B8 CHE 2 Of Af R &l soluble I E T ADH Fig. 7. 25°CORA] M8} CHE 2 O Af W E soluble ZHZE B ADH Fig. 8 w'cOM L b 44 (H"EWM 85' wlubk-xn"?.'wn
1IPTG M2| AMZI0| HOESE $8Y MEY AoHO| WHYLE CIE 250 NYPHCHBE P2 ol MZEE ADH7HIHE 20f b8, WelE TZET ADHZ} CHE & soluble HEHZ M AFEIRUCE Ol A Y R0
Z7rstRCt 25°COIMECE Total HZE ADHS| WU L HZ|Y, CINNO2 X2 Yol +84 WX Aon7t ST @zl Hy &I%’%EOM B El0] EHAE Wof ojshs CrYY
soluble HEHS| KRB ADHE BO] MM E|RACE R 22hHsP700| HIH O 2 FYRS|Of LIEH A2 Y EICH

i ——— Iy Conclusion

+ 2 HEFME T CHYEC YA E =017 213 HSPTOE ALBSIAE

FXAMEHEQ HSP702 CHYHEC FYS =0 0|2 YHES 0|= 7158 517
ﬂﬂ_oll QE M S0M HSP0S 2 HAMEE MEIOMO IHES ADHZ}
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= =
~a -

« A ZIL 16°ColM 16AZH 2 IPTGE X 2|8t 6His-ADH-pET11a in BL21

= N ‘ expressing DcHSP700lA] D200 A e Eo| of 1560l siYst= =R ADHT}
Time {4

e G HUEIAE

Fig 9. 16A12t B9 IPTGE XM2|S1UF [ HYRE & toal  Fig 10. 2 HYEAHA toral HEY ADHO] W2 — Ol M20|M CH R SHE K20 Z4g0) whet CHY 0| SH27 FE + A=

=T ADHO| WY (18 37°COM 4AIZE SLHIPTGO = FAIZ! pETHa-6His-ADH  A| 740| S 7151917| 12O 2 TChg

HPTGE 16A12H B¢ M2ISAE W, 16°C2| HY2E2| in BL2IWAM ol ER ADHE| BHE)

6His-ADH-pETI1a in BL2) expressing DeHSP70 HHTOAN  7ITUF 12 £2 2 WU SDS-PAGE FIE SAASY | w oiae xyxst ApH7} L2 AAOIA AIRE £ Ye 7|42 iSRS,

7V B2 Yol Y=Y ADHZH WHE|ACH LEHE Ho 2, 16°CHM jeAIZF FOF IPTGE A2l
AP0 N A S0 wHE =G Qo2 S KX T ST WS 918 o1 70| HiEo| B Ao 2 oAE
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LS 93t 27 AsHE AolA o Lot A Thsd 284 AT e
WY A £702 GASERAL Stk SDS-PAGES ol §dte] 242te] A7ioA vl #
of AT £84 L BEY AEY DU FL FYFO2M AET ADHIE 23] o
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w At g}

1.3 o] 2% uj7

341 y d
AT Te] A BolA 0 e S8 SAAIL DNA 7}

50 | The CELL Vol. 15



N N
N
=)

. Mo
i)

rlr rm:
£
>
Hel
=2
2

a1
£
guﬂ
rlo
02
10

uu 4o
oo

o
JE
A
o

o Mo

X

J

ol

Kl

ol [
kI rlo nQ

4
ol ¥° 2
Do % 4

Mo o
Mo >

(Eschenchza 00]1)0] t}H32].
W vy xﬂol ket A & E7h Wt Al uigf Al §
S
d S5 KJ o}UrOlEH32 33]. %Oﬂﬂii B Stramoﬂ 45h= BL212

Lon protease?t ompTE 71X 1L QA| QFo} AHAME xfxRgH |

QItH34]. E3F, BL210j] £A5}+= hsdSB E¢dol= NEZEFE Z0
Ay == e GASFE2[35] 2 AoA ARE-SFLA}
BL21 AT Tl wralo] gt njggoln chg@g ol &t A thujaol

o 4K U wgHQ EwolN Selsirty werEt

U

HURE
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ba)
o
oz o = L2
2o/ = A o [

1.3.2 Heat Shock Protein(HSP)Q] 7|

Heat Shock Protein(HSP)2 AN|#Oo|AEE 1S SA2S 13tst o= Ay o] EX]
stH, A=A oA thst 7153 o850k AT AHE0|TH36]. o= TS| ZHIE
WS ooz Tuidlo] SAE o] 7]50] YrHAl= AS WA]sta, Ao TuiAlo]
240 oA S 5+=0H36]. HSP+= A2 WolA 10~100kDa®] tjFst 7|2 EAsiH 2
719 =

te} bl 1ol Aot sick. HSPI00E &4 Felyelel=g wofol
HSPE0L AL7FeICiof ofsini, sHSPL Qo] oj3t Thjel 87 L
A% HSPI0S TS S B3 BUAE 1L AS Wristol Gue) 48

Z71A17 B ofe} @uido] o Fot ot o] Mastol AW Aol ALE
9= lECHFig. 2)[36]. 531, HSPT0L B3R AEa|a RN ggo] P4
st ol 2 7150] BAAoletn 2o YLH38).

4> mlo

|1

Unfolded
product

Misfoided
substrate

e

w

£ O

& 3
43N

*
sayis buipuiq

J-cochaperone
(HSP40)

Fig. 2. Structure and Working
Mechanism of HSP70

1.3.3 & AME 71¥a 2 AollA ARESE Cell line 271
Red/ET Recombination& &+ oAl Rac prophage &-2§9] truncated RecE-T
F X coliphage N Red system S-2§2] Redopfyo] 28 A139] vector 2zt Y&H9]
DNA AtoJof] Rj 2ol dojub= & AMEE 7I8H9] 7]&olth(Fig. 3)[39]. 7]1&9 FAAL

ol
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AAF 7] A4k = DNAQ] 37] Agho] Qlof vlw A AF2 37]9] DNATH g 4
9] ¥l o], Red/ET Recombination 7]&-< 0] &5t restriction sites@} St A oj
SRS 240l 7hssto] sk DNAS] 4Fio] 2| X1TH40]. EEh, o]+ 7|&E9] 2=
3 UHEG O way FAWovE Aok Aol oj[40] #AME =SS 2Rt oy &

ofofl A FHesHAl AREE AL ot

— —
pRed/ET
- .,
Replicon
AA
- )
Replicon

Fig. 3. Red/ET Homologous
Recombination

& AolM = A4A Y Red/ET Recombination 45 AHEY 7IHoz iyt 74
A9 yddE pseudogene (NCBI accession no.: NC_012971.2) Y59l Daucus carota
o] HSP70 {AIALS st e JARNE tidf«t cell lines AREsH 0], HSP70
FRAE E¥shy] st 2 9WE 2= Lipoprotein(Lpp) promoter?} AR&-& I THFig.
4-a, b). Lpp promoter #ol| = |FAAE AR Lsts EAS 7MY E3
Nhelid} BamH1 Alsta4ag AWt pETlla el WE o WAStLAL st 54 WA
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DcHsp70 gene Insertion site

1,490 K . 1,490 500 |1.491.500 1492 K 1,492,500 . 1,493 K
'
nhofl narid
> S I P De3054077
norl)
1741 S T 1P 6030540761 ————<—]
| |

s IS Lpp promoter DcHsp70 FRT cassette IS e

0 1014 bp

Chromosomal DNA

T7 promotor Nhel BamHl Ampicillin

pET11a

5.7 kb
Lac I

t

Lpp promoter = Deflsp0 gene - FRT cassette
insertion via homologous recombination

Fig. 4. Transgenic information used in this study (a: Insertion site of
DcHsp70 genes in E. coli genome, b: Schematic diagram of the LPF
promoter-DcHsp70-FRT cassette template, c¢: Transgenic E. coli cell
lines used in this study)
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I. A 948

2.1 Cell growth curve ZAHA]
2.1.1 45 3% 4 WY
2 AFol AREst #3+= Wild type(BL21)x} pETlla-6His-ADH in BL21,

6His-ADH-pET1la in BL21 expressing DcHSP700=2 % 37x|o|t}t. BE HAF=
500p19] +tofl 80% glycerol 200ul& A7Fsto] -80°Coll 52 EstHA AHE &, AA|
Luria-Bertani(LB) 8§X] 20mlof 100m09] #+& A&ty v : 37°C, 130rpm&]

ub 71014 14~16417F AEjorsto] AL&soirt.

2.12 29 3% 5%
=2 ol8st A
o
Me AlE #39 BAFA AdE Hs n)8E9] 5= 540
Aot Aui g ZF o3 sG-S 40ml LB viX|7F & A2 Z2tA 30 2E 5=7F 0.1%
7F Bl & A &35t shaking incubator(Fig. 5-a)of|A] 37°C, 225rpm®] R710 2 HfjoF
st Ao ARESIATE. 9 & spectrophotometer(Fig. 5-b)E ©]-&5}0f
600nmojA HjgH o= FF s F7gsto] &lst o], 1A7tutt; F 8% ghEsto] A
Al St}
3t IPTGE Aalstg W AYIFHE Adstdth. 0.Dew=0.60] =S o,
0.5mMe] IPTGS A7sti ¢Jof 2o ghrlog Satns A5ttt Blank2: i
o o4l LB ¥R S AtEstRon, B& dg2 APdA10] Ae/dS sl & 39 vh&Esh

o
PSS

o
é’ial«} ‘.

2.2 =3 ADH &¥d 9 =%

2.2.1 IPTGE &3t A% ADH il vt g ¢ 9 cell £&
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Hote= Al710 578 fAAe] HelE |- =5k Hlol= promoteret AFA 3 IHIA QL
A5 AF2o0] 71535 S B Alo] AFRECH42]. o]2]st S EAlos JEA O 2 Isopropyl
B-D-1-thiogalactopyranoside(IPTG), Tetracycline, Allolactose & oj2] 7}X]7} Q=
di[42], & Aol TR Iy Fr g dotEr] st 248 IPTGE AREsHI T
PTG AT ol A ARl lac repressoret ZAEsto] o5 AsFdo=4 lac
operon U9 SAIAMS WA 4 Q7| eth42]. IPTGE allolactose®} AR 02 JAL
SFAIRE, lac repressor®} Z3st S0 ol allolactose®t= Ea] Al UjofA ol
EA] gl AR 525 fACH AEACR fAAE LT 4 QA (42, 43].

2 A3oxE= 6His-ADH-pET1la in  BL21  expressing  DcHSP70xt
pET1la-6His-ADH in BL21& AlgdF o2 MAAsIgon, WulAl dsle Qsth [PTG A
e Ok 22 YAlo g A9stitt. Cell growth curves A wieb opfb7HA| =2
& BjFstal O.Dgro=0.60] B, 0.5mM2] IPTGS HiA] A& A&Fo] 0.1% =271 &
= ARt & g2 MAE ADHO A HdxdS &lsty] fsiA 215 2
2]sto] of2 §1 Z13gstiet. 4 v wof o THRAl w3 o] xjo]g YofE 7] 9|5
w4 vl =5 16°C, 25°C, 37°C2 th=7 AAstet. E3t, PTG &&= A7t
& xjo]E &olstr] ¢lsfl IPTG %2] & 1h, 2h, 3h, 4h, 16h 9 #+& HjYstF o
IPTGE A2jstr] oo APR(OhE £t BE UPZY djofo] PaHA 4T,
2500rpmoflA] 1027t DAl 2|5t} 5 HL A7 skl F2 pellet -80°Cof] &2 &
steict.

Experimental Group
Control
pET1la-6His-ADH in BL21
BL21(DE3)

\_ Y, 6His-ADH-pET 1 la in BL21 expressing DcHSP70

|

Fermentation Condition
(Luria-Bertani medium at 16°C, 25°C, 37°C / 225rpm)

|

Add 0.5mM IPTG to the culture medium
(When cell growth reaches O.Dgp, *: 0.6)

!

{ Incubate for 1h, 2h, 3h, 4h, 16h }
|

[ Centrifugation (4°C, 2500rpm, 10min) }
}

{ Supernatant J [ Precipitate ]

!

[ Freeze Storage at -80°C J

Fig. 6. Schematic diagram of Experiment
2.2.1
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B Ol AT ADHY| 2|4 AR HMIE A9 0|8 7tsd A+ | 55



2.2.2 N oia] 9 oulAl HBa](Total, Soluble, Insoluble protein)
=72 H|E9E pelleto]] £ coli protein extraction buffer 3mlS 20| pelletS
A Zol&9ict. Protem extraction buffer+= 300mM NaCl 4.5ml®} 25mM Tris HCI
3751, 3mM B-mercaptoethanol 3.75105 211 total volume©o] 15ml7t Bl =& D.W.
2 A7tste] A&stich. 1 S sonicatorg AMESte] NZE mpAA TS xE5)
9it}. Sonication ¥ A]E& e-tubed] 27 ©ol 4°C, 13,000rpmojA 3087F FA 22
197 AlRa] Sof WAE AFEMC conical tubeo] ¥ st9ict. o] mAlo|A A71 Ab
ABofl= total proteino] ZFFE]0JQIT}t o] AF=0HS e-tubeof $F sample & 200p04]
ot 4°C, 13,000rpmofl A 1A]ZF &9F AR & Aldgstict. e & A5
F3to] e-tubeo]] ForFaL, pelletofl= QhA ARE-SE 21t =AU buffer 200005 E o]
ol A= Mt pelletof]= Zt7t soluble proteinit insoluble proteino] I

ol
o o 1

0% e o s oy
] 2

)
3 32
&L

2 M

[ Sonication with Protein extraction buffer J
|

[ Centrifugation (4°C, 1300rpm, 30min) J
! !

[ ("?;]tl; TE_‘:&?L) ] [ Precipitate ]
!

[ Centrifugation (4°C, 13000rpm, 1h) ]
! !

Supernatant Precipitate
(Soluble protein) (Insoluble protein)

Fig. 7. Schematic diagram of Experiment
2.2.2

A2sk gl AgetA Alslo TRl = 2 w2 7 JEsH 22X
olc}. THERAl A=kl biuret A, Lowry A, BCA A
1310 A= Bradford o4l Al85}o] chaﬂxq b et

EE -|
0[” Oll

1
= Ol4ICHAE], Tl 595nmolA STEe] S CHE e HEol 4 el
i, o] AIE ol Exfsts Ao ofg oju|sich46]. ohe

2], Bradford 34 B2 WP} ol AU B wrgstn] AlRo] EAE 4 9

=
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£ o2 setee] og 7ol @ wzksieh46).

2+7+0] Al = (Total protein, Soluble protein, Insoluble protein) 5u00]] NaCl 95u02}t
Bradford A]9F 1mlE& Y1l vortexing 3} Af2ofA 287 €r2A|Zl &
spectrophotometer@ 595nmoj|A] 54 =5 =7435}3itt. Blanko]= A= jAl D.W.S

Iml goj» it

5p@ - Blank Total  soluble insoluble

Add NaCl 95p¢ and Bradford reagent 1ml

!

Vortexing

}

Absorbance measurement at 595nm

Fig. 8. Schematic diagram of
Experiment 2.3.1

5743t 0.DU(y)o2 2 ofgfj9] standard curve A& ©o]&5to] MEof oty Tl
Aol kHg)S LotYTH EEESAL Bovine Serum Albumin(BSA) 0.5mg/mlS o] -85}

y=0.11272 — 0.0932

2.3.2 SDS-PAGEE o] &
9ol chst e

o 525 wt47]. ol=igt A
S & 4 Qlojof st o] JHssHA st= 7MY tiEA QL witlo] SDS-PAGE(Sodium
Dodecyl sulfate polyacrylamide gel electrophoresis)o]th{47]. SDS-PAGE= EA}S-
st 5o o] &&= T 2 7|& 2, gelof] A7tE= SDSO| ofsl THlA o] ATA]
7h galslo] gujde] Yy pxo) the ol F4E WAl BAle] Afojo) wjz} iy

ol
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s 2T 4 ATH48].

AdoA= AMAEY ADHO Hdls &elstr] flsll Laemmli(1970)9] o=
SDS-PAGEES 38519t Gel?] &AL Table 19 YERY I O stacking gel?] =&
L 5%, separating gel®] =T += 17%9] acrylamideZ AR5t Tt 1.5ml e-tubed
dye b0t dA=Fo] M= ()L Eil Protein extraction bufferS o]85t% & volume
25002 SHIZQIT}. o] ThsolRl Al 2o 85°CHIA 587 AL JlelE 5. nje) A
St acrylamide gelof] marker 25102} 74 loadingsto] 150VOlA] 24|17t &9t A7]|d =
5ttt 7|9 % st gel2 Commassie Brilliant Blue(CBB)2 6A]7F FARGH L =2HAR.Q OH
2 Destaining buffer(methanol 450ml, D.W. 450ml, acetic acid 150ml)& ©]|&35}o]

2 5t9ct

Table 1. Composition and condition in SDS-PAGE Gel

Component Stacking gel Running gel
D.W. (md) 2.85 1.7
Acrylamide (mQ) 0.85 5.7
Gel buffer (mQ) 0.5M Tris-HCI buffer 1.25 1.5M Tris-HCl buffer 2.5
SDS (1) 50 100
Ammonium presulfate (nl) 25 50
TEMED3) (10) 5 5

3) TEMED: N'N’N-Tetramethylethylendiamine
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M. A7 A% L A

3.1 A+ Ayt
3.1.1 Escherichia coli®] Cell Growth curve

5 agroz Bistun 29 WY
1 Ao Fage o) 3W vrEstol sty

Cell Growth Curve

0.0,

Fig. 9. Cell growth curve following without IPTG treatment in E. coli
with different transgenic

IPTGE A 2l5tx] ¢S 9] Wild type(BL21)xt pET1la-6His-ADH in BL21,
6His-ADH-pET11a in BL21 expressing DcHSP709] MN&= A2 Aot & AL+
oA N9 A=A} "Lt ko] AARgo] WAL it

Cell Growth Curve

0.05q

Fig. 10. Cell growth curve following IPTG treatment in E. coli with

different transgenic

ol
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A Lotch 0.Dgp=0.6Y o, IPTGE SE kiR Wild type(BL21)x}t
pET11a-6His-ADH in BL21, 6His-ADH-pET11la in BL21 expressing DcHSP709] A
52 £As519ict. BL21o] 7HAF A xpgkon Irhe2 pETI1la-6His-ADH in BL21,
6His-ADH-pET11a in BL21 expressing DcHSP70 &0 2 AFst9ict,

3.1.2 A% T YA FexAo] O AMAEEY ADHe| ¥HdF
L T o} IPTG &|2] A7 & Ajxs thaixlo] ursl o v x Ao w2 xjx3t ADHO)
498l S SDS-PAGE=Z & itk Zt79] SDS-PAGE ZyoA A YA lined=
MarkerS UEN| 11, 7 o]29] Line ¥ 243 sample?] &A= Table 20 UERYS)
oh WHE HQISHLA she B GRIEQl AIEY ADHE 7 Figureo] BAIsHaiTt.

=

rE
ol
_,_4

Table 2. Samples Loaded by Lane of Figure 11~19

Line IPTG treatment time Sample

1 Wild type(BL21)

2 Oh pET1la-6His-ADH in BL21

3 6His-ADH-pET11a in BL21 expressing DcHSP70
4 Wild type(BL21)

5 lh pET1la-6His-ADH in BL21

6 6His-ADH-pET11a in BL21 expressing DcHSP70
7 Wild type(BL21)

8 2h pET1la-6His-ADH in BL21

9 6His-ADH-pET11a in BL21 expressing DcHSP70
10 Wild type(BL21)

11 3h pET1la-6His-ADH in BL21

12 6His-ADH-pET11la in BL21 expressing DcHSP70
13 Wild type(BL21)

14 4h pET1la-6His-ADH in BL21

15 6His-ADH-pET11a in BL21 expressing DcHSP70

@ 16°Co] vjF2 oA A=Y ADHO| TIF
16°Cof| A B Fet thdwt2 °o1-83t0 600nmofA] 7t & %
0.5mMo] IPTGE Al AR 23F2 0.1%7F == Fristdth. 2F A2 141,
b 3AIZE, 4AIRE E9F IPTGO =& 5 len, IPTGE Al23hA] g2 g+ = +t
Tt ME2RE FESE TGUiALL total, soluble, insoluble protein@ 2 F2]sto] 27k
X188

SDS-PAGEE Z%Is85t9iT.
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Wild ADH  Wild type

i ADH ; ADH
vpe - Wild type Al type :
ADH Vi BL2yDE3) ADH  With pryprsy APH  With BLOI(DE3)
DCHSPT0 DCHSPT0
Oh 1h 2h 3h 4h

Fig. 11. Total Recombinant ADH expressed when E. coli was Incubated at 16°C
16°Co] B2 =olA IPTG =& AIRFS Ze|stis o, A ADHO| Iz &9l
SlACk. IPTGS A2jota] 9ot mie AAF ADHO| wrelo] Lieha] opopch whal,
IPTGE A2lstds e IPTGO| =59 AJ7to] ZAojrlo] wat A& ADHO| YW
Frlete R Bert

(kDa) M
100

7]
s 3

w
wn

:
|

L -

~
~1

—
Wild type ADH  wild type ADH  ild type ADH  Wild type
BL21(DE3) Dgﬂh BL21(DE3) APH Dc‘i‘ggm BL2I(DE3) APH  With BLZI(DB) W“;‘m
DCHSP70 DcHS
Oh 1h 2h 3h 4h

Fig. 12. Soluble Recombinant ADH expressed when E. coli was Incubated at 16°C
16°CoflA & vistal IPTG =& AlZHo] Alo]& Fol& o, 874 AAEY ADHY
43 Jr S SDS-PAGEZ #HQIstgict IPTG &g Al7to] AojALs £874d AT
ADHO| ¥z F7tstict
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2 3
=
‘
——
) P
— e e
Wild type ADH Wild ADH g type ADH Wild type ADH  Wild ADH
BL2(DE3) ADH Win  pLames) APH  Wih py)pEsy APH Wi gropes ADH win  BLa@es) APH Wit
DeHSPT0 DeHSPT0 DeHSPT0 DeHSPT0 DcHSP70
Oh 1h 2h 3h 4h

Fig. 13. Insoluble Recombinant ADH expressed when E. coli was Incubated at 16°C
16°CoAlA IPTG =& AlZMo| g 587 AA S ADHY| TdZ2 Qs IPTG A

=
2] 3AZF ol SHE B84 JEl) AT ADHIL 343 371519

@ 25°Co] HjF2 o)A XA ADHO| W3

25°CO] HjorL oAl ThAHFS HIQFS} L, O.Dee=0.62 © 0.5mMe] IPTGZ Hjx] A
A Rl2ro] 0.1%7} 5 w2 Aalstct. Alal o] wha} 1A]7HEE 447 SoF IPTGE A 2]
stdon, IPTGE #|alshx] ore Aslaw MAstgct 7 Algllo 2 HE] =&t Thu
A2 total, soluble, insoluble protein@ & }%o] SDS-PAGES XI1885}ict.

5 8 9 13
= = —
=
p—
———
e —-— -
= = | o
égg B‘Elf(gg) BDH a’?z B‘Elf(gm) ADH Q’I‘)g ng.l;l?(gg) ADH [‘V\V]?g Bvlglld(gg;) ADH QV?;I
DcHSP70 DcHSP70 DcHSP70 DcHSP70 DcHSP70
Oh 1h 2h 3h 4h
Fig. 14. Total Recombinant ADH expressed when E. coli was Incubated at 25°C
25Ce] Wi EdlA PTG A2] AIZbe 2eloigls o), AMEY ADHO| walgg
SDS-PAGE=Z =QIstitt. IPTGO =FE| v WA 1A o] & 88 1|2 ADHO| &S
stolgt 4 glrh
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ADH )
27 .

15 .
12 ..

Wild type ADH Wild type ADH  wild type ADH Wild type ADH  Wild type ADH
BL21(DE3) ADH wih  BL2aiDE3) APH With proypes) APH  With  proypes APH  wik  projpes) APH Wik
DCHSPT0 DeHSPT0 DeHSPT0 DCHSPT0 DCHSPT0

Oh 1h 2h 3h 4h

Fig. 15. Soluble Recombinant ADH expressed when E. coli was Incubated at 25°C
25°Co] viF2 oA A 8744 AMAS ADHe| ¥ A=g YET AR
2 523 @ WMest WA

8 9 12

(kDa) M 1 2 3 7

4 5 6 10 11
100
: i
: .
ADH mummp - - [

R -

n .

5 0 "
12 .. - 2
f. -

Wild type ADH Wild type ADH  wilg type ADH  yildype ADH  Wildtype il

BLames) ADH win  pumes) AP Wih pyipp APH O Wi oppipesy APH wih  prypesy PR Wit

DcHSP70 DcHSP70 DcHSP70 DcHSP70 DcHSP70
Oh 1h 2h 3h 4h

Fig. 16. Insoluble Recombinant ADH expressed when E. coli was Incubated at 25°C
25°Col A B ol AALSE B84 AIET ADH Thide] wHztg ehelsteict,
PTG =& ARt #AIglo] 2 2719 Ad+olA 28744 MAY ADHO| WHert &7

Al Uit

® 37°Co] Wi LEol AT ADHO| e
37°ColA] @& WjoFatiL, 0.Dso0.60] E %S T 0.5mMe] IPTGS vjA] AA]

39
0.1%7} Bl % H7ksIoich. AR 2okcH 1412, 24138, 321K, 4X1%F F9t IPTGO] s}
gool, PTGZ Hstal e APTE Folck vjgat thgFo2ue omae 53

5t99 3l o]= total, soluble, insoluble protein® 2 W0 SDS-PAGES XId851% .

ol
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70 S
50 .
=
35
ADHmp | ™
n .

Wild type ADH Wild type ADH  yyild type ADH  yyild type ADH  Wild type ADH
BL21(DE3) “DH with  BLaiDE3) ADH  With proypps) ADH With  proypsy APH with  Braipes “DH Wit
DcHSP70 DcHSP70 DcHSP70 DcHSP70 DcHSP70
Oh 1h 2h 3h 4h

Fig. 17. Total Recombinant ADH expressed when E. coli was Incubated at 37°C
37°Co] HF2woA IPTG =& AIRFS OAIZMOIA 4AIZIEA] Z2jstRis o, A
ADHO| @@} Uehfict. IPTGO] =59 A7k Alzgh ADHO| w@izo] ulejstol

F715HE P4 HAT 2 Aok

(Da) M 1
100 p——
70
50

15 . -—
12 .

Wild type ADH  Wildtype ADH  wild type ADH  ild type ADH  Wild type ApH
BL2i(DE3)  APH with  BLaiE3) ADH  Wih proyppy) APH With pryypps) APH  wih  pLapesy DY Wit
PR DcHSP70 DcHSP70 perspro 2 PEY DeHSPT0 DeHSP70

1h 2h 3h 4h -

Oh

Fig. 18. Soluble Recombinant ADH expressed when E. coli was Incubated at 37°C
37°CollA] &3l= A A2g ADH+= THEE soluble protein®] ez 23 & 9ict.
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Fig. 19. Insoluble Recombinant ADH expressed when E. coli was Incubated at 37°C
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A lined= MarkerS UEN} 11, 7 o]% sample®] A]= Table 39 UERJSICE.

Table 3. Samples Loaded by Lane of Figure 20

Line Culture temperature Sample
1 Wild type(BL21)
2 16°C pET11la-6His-ADH in BL21
3 6His-ADH-pET11a in BL21 expressing DcHSP70
4 Wild type(BL21)
5 25°C pET11a-6His-ADH in BL21
6 6His-ADH-pET11a in BL21 expressing DcHSP70
7 Wild type(BL21)
37°C pET11la-6His-ADH in BL21
9 6His-ADH-pET11la in BL21 expressing DcHSP70
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Fig. 20. Total Recombinant ADH expressed when E. coli was Incubated for

16 hours at different temperature
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Fig. 21. Expression of Total recombinant ADH at each -culture
temperature based on pET11a-6His-ADH in BL21 treated with IPTG
for 4 hours at 37°C
37°Coll Al 4A|7F Z9F IPTGY| =5 A|Z] pET11a-6His-ADH in BL21& 7|&0 &2 3},
|2 29} IPTG 2] Al7to] T2 total A% ADHO| Wdzks 2x]8ts}o]
16°C, 16AI17t9] k=& AJZFO|A wofl H= AEE ADHO| @elzfo] &lwqict.
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Introduction
Tirclosan (Cj,H,Cl,0,) & & % & 217 $H4) & 24i= S-chloro-2-(2.4-dichlorophenoxy) phenol 7| ol 43}, Spu) ¥uk opu 2} A A7) 4 A 3h-8 9148 %ol Yu) ALEH =
7ol 2017 V] = FDA (Food and drug adminislrauon)ﬂ EU (European Union)ol| 4] <7} &3¢l triclosan AH8-3 #4811 0.0, Shul) 4] 35 o] oF 5 bl A i - 7835 of] AHS-
Ak 2HE Ul W7} 0.3%0] 817 Hl 25 F 8 8har ok Triclosand 7783, A4 5ol ol o], gt $38) FA2 %55 7] 4ok Triclosan G741 M=
% A a7 Qofuhizl, 333 4] phenolate? 'kﬂ 2 38k, g9 #4550 A 2.8-Dichlorodivenzo-p-dioxin (DCDD) = A $Helt}h. DCDDE 8k 4], 7]E 104 ©]
sholdl wht7inch F71 9, 1209 die] w7 7hA, $H7el vl A= 9islAd o] 7k 4= ok whebA] & Aol A = sl 1At ‘g"”‘}c’] o} 225 Prorocentrum minimum
& &9 triclosan©] | & Aol VA= 54 FEE WS §7 54 WUhE A A E ok HA4o] Wk AP, A0 HAaE 3 M AAFEE(ECw) $HE AT
ZHch el A A3} 43S A8, riclosan A 2] 55 F AlZtel] mbE FA B FvFa)IH FH & ge] w3 PR E-’:W lnclosan 2Ee 2ol o) A A fH At
'%‘éi% vl ats e, B 2 F- A A PmpsbA, PmpsaA, PmatpB, Pmrbel)S} 233} ¢ 2 {4 2H(PmGST, PmKulG)°] B S Q18

Materials and Methods

(1) Prorocentrum minimum<] W] % R triclosan * ]
- A AE P minimum (D-127)2 £/2 medium®] v 2F3}e], 20 °C 12:12 L:D cycleol| 4] vl 3} o}
- Triclosan (5-Chloro-2-(2,4-dichlorophenoxy)phenol, CAS no. 3380-34-5, Sigma)<> =1 99.8% o] 4] &2 & AR&&ba], Aol upe} vhdeh 5 5(& 0, 0.01, 0.05, 0.1, 0.5,
1.0,5.0,10.0 mg/L)9] triclosan %1 <=71 2] P minimum®l] 2] 8} 1},
) ME s o
- N E *J*H‘i"l 74 (Axioskop, Carl Zeiss, GmBH, Germany) ©] -3} ¢} SR chamber (HMA-s6117, Matsunami Glass, Japan)®ll 1 mL-5 §- 3t 239l ch
3) 384 W3 9 YR B
- B EFFE P 33 9122 2 mLe] 4358 Handy PEA (Hansatech Instruments Ltd., England) & ©] 83}o] 23§ s|gic).
(4) Prorocentrum minimum®) 3333 3 A ﬂ Z-g AR B
- Triclosan®] 0, 0.1, 0.5, 1.0 (mg/L)2] s =2 2H831 & W WA sk A FEA e &‘!5}{" $H28t7] 918 TRIzol method 2 RNAE &3tk & RNAE
cDNAZ §H4 F, real-time PCR (CFX96 Real time system, BIO-RAD)S #2188 &}9i v}, 81335 2 24= SYBR green (Eszynomiocs Inc., Korca)?. ALg-3}91 o “1 reference
gene O & PmubA& A}-8-319) o).
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of, @ AEjAlel mA= gkl tigh ket AF7F AT AR EEF 2410
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o] ojw ¢3S WA =A FHetsiint. EYF
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Chlorophyll @ W& ECsodte ¢F 1.5 mg/LE #ZHYTh AE 9 2% 0.5 mg/L o]
o FEoA ME APE glo] A FEe WE STl TAaE] Mg AE 5 FAS
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= FYug A9rt E1EHAT. EE 24 mEE Mxdd EAAEEgH 0w WSt
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1.1 47571 % 484

EIFRAE AN &5 v, =R, X oF Foll 2olw, FrHow Azt v
Eels 5 4BEF IT % ATAZ ArE AR 4 DA P F JE B9
T, EYERAE ARt =EHY] AW, = o] 2 A dAdd fal dgFE A
F gtk w3 AR AFEH FAN §9E FEo] AnE A3 IS A7) Gk A
T 188 ARF) APl Tl W AR FUNE EdFRie § 2d $)
st gtk ool FDASH & 47|#EL EF 2o A S HESIA Jon, Ef
skl B4 Bk BE ATES B AP 9

% Cl OH B M.W! 289.54

o pKa' 79
| = | = m.p.! ) 54-57.3°C
/\) > logPow” 4.16
Cl Cl water solubility’ 10 mg/L

'Cited from Merck Index 14"
“Cited from the homepage of the Ministry
of the Environment, Japan.

Fig. 1. A : Chemicla structure B : physic-chemical properties of triclosan (Iwaki et
al., 2008)
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2Z2HTriclosan, Ci12H7Cl302)2 XL ool ¥ A4S Holes 3SEdA=EH
FEfoll M= iAol AAA] BIa Exjst), 22 5 =
ol chloro phenoxy phenolAl G| &3t} Al =& A FEHE F+ =&
= Eo]AS XY™ (Lindstréom et al., 2002; Tixer et al.,, 2002) Phenolate
| 2 okgslrt o] oy {3} FAld W pHE F7HA17tH(Fig. 1).
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Fig. 2. Relationship between triclosan concentration in
the

12days) and increase in pH values (Kazushi et al.,

final sampler (freshwater and seawater after

2006)

ol 4d=
2,8-Dichlorodivenzo—p—dioxin (DCDD)=
dd A=, ‘j'-’Foﬂ/ﬂ 1269, al<FellA 122
2006). FAll =E¥ EfE2AY] FHe

LA 93] =AHr}(Latch et al., 2005).
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EERARS BAAoR thofdt AlFed AFEE I A= FAlol 7o, AAl gHaeA HE
H A= SWRY ek A elet Al Gl . Qe A = el
F Ao e EgFz2ste] 247 Aol 1.9 ng/L, 23.9 ng/L7F & A Reiss et al.,
2002; Sabaliunas et al., 2003; Stasinakis et al., 2008). Eg| &2 w524, A
d, FHs, 2 agja JA ZFgol o8 96%7F AA FHAN, aHe| = EFelal HS5 u
5 FRFRdeE EfZ R4 2 KX &du). A xEFolAE 2.3 ng/L (Singer et al.,
2002; Tixier et al., 2002; Lindstrom et al., 2002), "= 3}d dFNAE= 1.4 ~ 90
ng/Le] EgZFZ4to] AZEH AT Kolpin et al., 2002). dE9] tone 3NN E EFZE
Abol AEHAT= AHIZE dow AFEG oy F-2olA B 52 R EFZ R4l
Zﬂ%q(lwakl et al., 2008). 7t4 ¥4 & EgZ24te] Fx % 55~134 ng/LolAA v
oAx AEE EfZFEite FEE 11 ng/L ~ 31 ng/L2 #ado] #ZHJT a7
= ]xqoﬂ/\i S5 Ve ow AMEE 545 AAeS W, Hol 120 mg/ho
B2Ahko] HEH AT

B}

Mo o u\‘
my 12 _O.L
[N =
oZi
[

al OME} oM EEEbel] tidk AREFFo] FolAal glom o] mE &
A =& 7 w5 vlEet Al Frhstal vk sEEAfEY 2AMAR, EfERAY] =
W F8Fe A FYEH, Az 67.16F°] SR gulddlA = JA, A A s
FAYY HRFANA EERAe] HFo]l FAHeM, 12 ng/Le] AEHAJTHKIm et
al.,, 2007, Vanderford et al., 2006). =u] 233} A FFH Alo]o] X|F{o A3}= o
FAYZEA, A, T, 3D 7Y, FEFS T A FY, FEFE Hl

4 A& A3 (Lee et al., 2009 to-3 #u

Table 1. Occurrence of EDC/PPCPs in the influent of a WWTP(Lee min ju et

al., 2009)
Chemical Domestic Overseas
This study |The others| Japen us Europe
Triclosan 4,900 1,800
(ng/L) 14 } 200~1,000 = 1 (170-23.900) | (390~4.200)
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EgERie] =9 tiH] sl FA =E5FE A o= sk el e Aelge] 90%
ololgt, AHAQ & A= HEdel g Ao FIFtkRyu et al., 2018). 3t
ARk g 2l AL skl w2 54& Uekd 7hsAd ¥, DCDDEe] g (Kazushi
et al, 2006)& Vo] wol, AFH EYIRA HAEF olold v Mgt ¥ Fe9
DCDD7} Al EAE Aom €. meby EgIaite] FAR Fd¥AS o, 14
=EAY ol HFE HAA FAEd VA= dFS 2 ATE T3 Fdstaz
Elasy
1.2 47 54

EERAe 488 duAEA ez FASAE =Fo HM, AFE 72
DCDDz 9] A3 F3 FAd o 5450 | A 545 vebd = A= =40
tho Aol g ERE Rk %S dotetr] s 27 T P BEETE Eok Y A
e Al 378 Tolstr]o] goldk o H BEF/ F Prorocentrum minimum S AE HER
ARt old 2 AR EYFEAS Prorocentrum minimumd| =ZFA71 - UERG
© A3E S3 EgErite] Y AeolAl dFS vA=A tal HHS i dvh

1.3 o]&4 ni7A

HL EYZF =22 Triclosan, TCS; 5-Chloro-2-(2,4-dichlorophenoxy)phenol] ] A}-&9]
T43] F7letAA SFo R FAEHE & T3 SUtste] FACdA EREFEAY AEo] &
7Fetar k. Eg]E2AFS enoyl-acyl carrier protein reductase enzyme(ENR)S] &4
s gAgdewA wH ol Ad FAES Adstel(Levy C.W., Roujeinikova A,
Sedelnikova S., 1999) Alx® FAHS JAlst=(Villalain et al., 2001) 714 &3] AlE
2185 MWE=THPhan and Marquis, 2006). EZ =42 phenolic, diphenyl ether %
polychlorinated biphenyl(PCB) 35 F%& zt= =273 #€aks vileiz EFF
t}.(Ahn K.C., Zhao B., Chen J., Cherednichenko G., Sanmarti E., Denison M.S.,
Lasley B., Pessah LN., Kiltz D., Chang D.P.Y., et al., 2008.) = 3}s+ F+%*+= PCB, &
gEE3} tud oHE, vAdE A tho]SAY e 54 3§Ee 354 5SS e
H(Allmyr M., Harden F., Toms L.M.L., Mueller J.F., McLachlan M.S., Adolfsson-Erici
M., Sandborgh-Englund G.,2007.).

oldl 5AS 7K EFEEAS vAE A, I A=, uiEn] gl &
=7F A z2E A ¥st 2 O FAER Qg 4 A 2 o
thekgh At ARrE B A AL itk WA 1Al EYEREAte] xEE A4S, HAEFAY 954
i A5E doA F du=r)d vEde] dAd 5 gl ' <l X
1t} (Robertshaw H., Leppard B., 2007). & t}& A+
AAACNS)Y] ArARl &5 st Hdd 5=
hAafell B2l gk mRoar ¥ oi(Miller TL, Lorusso DJ, Walsh ML, Deinzer
ML , 1983). 0.03 mg/L-1 ¥%9 EgZFai =Fe o] WA FxAe 23S o}y
o] %7] WHEHE $EdcH(Veldhoen N., Skirrow RC, Osachoff H., Wigmore H.,
Clapson DJ, Gunderson MP, van Aggelen G., 2006). ©o]¢} -FAFstAl =7 HolA A=A}
Aoke]l g U] ElE Rt wE3 hdo] glvkal W tHKumar et al. 2009). B3,
A A F7 EEEA =52 X A7tk Hell A EZ 24k ¢ wAYS

rlo "
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S A7E Yo R 54 ARG ES A Atk (Yueh et al., 2014).

T AES o EFISEAY] 540 #s st A7 WA A dok dubA o
2 dhglglolel] th3F MIC(H 4 oAl %)= 10~3,000 pg/LZ, A sxo Ef|Z=2Zslo] &
B golint ofyet ask A, a1 4 wteElEold 93-S &+ 4 Ath(Bhargava and
Leonard,1996). ¢ =4S zte EZ22to] FAHAYM =& FHJYS w AgAf

(Orvos et al., 2002; Ishibashi et al., 2004; Tatarazako et al., 2004; Canesi et al.,
2007; Delorenzo et al., 2008)] <9|3}H, Daphnia magna® ECsodt< 390 ng/L,
Ceriodaphnia dubiaw= 48*13F 71 240 pg/Le ECsetks AWY. £317]= 9641 7]
TOoZ A 5%} 260~370 pg/LAlA BEAEJAS™ Lemna gibbadl 47 Adl= 74 7]
F 62.5 png/LEY ¥ sroA #&EHJY. Selenastrum capricornutum® ECso 2 A
F Al 4.7 pg/LolA BAFEHAJC. v A ZFe S capricornutum® Ed]ZF 24 tisk
7= wrE okl Vibrio fisheri®l ECso#k?l 150 pg/LET 309 A SAHEHILH o]

FARNA EglEg2ite] s mAzRvE b widesite s YFstes Aot
(Tatarazako et al., 2004).

oX

frors

H 5 EfZ22te] #5 A geda g AAAE 37 | EFSEAS 4A &
3 FHof Akslele Bk 54 HFAMES A5 ®@th(Yang et al.,2011). A wp=2w A
o] 3t zAF S AFE3sle] pH>8AA H 12 %9 &2 2,8-DCDD 29| 3 A%
ittt A7AES AP 20085 stelA 2,8-DCDD 34 &S 95 203 vl
ok AT AA =74 Abole] BHlw A(in vitro)E EF2Ato] ddle] zald £
o Alvk 2,8-DCDD=E W3 & + Ad55 g5t th(Latch et al.,2003). A4 A ==
EF2abe e wmFHo FRE HE g ol9om g4t wEsle tolSiom
A, "3 BAHAAN =

ARl metyltriclosana A& Fal7F =0 A&EHQ0 FALE
o =AS Gur3l mul ol oFsl o AERA g4 thekst d4st W BES G
A3t (Onodera et al. 1987; Latch et al. 2003; Arizono and Takao 2006; Inaba et
al. 2006). @A =] 2 ol Y edEAZ XAt 4 fsld HIF ol 2

de EgFave s g dgd SHow A YA @S vt =@, He
FERE B4 A8 59 4R 54 932 A8 & 9o A5HA 54 BUHY ol
Pos Aol

AE A FE

Fe= ko] AMAstE HARZF Prorocentrum minimum (Strain
number @ D-127)& AMESIQITEH 2/ vl = F/2 wiAlE AMEsglen, 20C, 12:12 &
F719]  wjdrlel A ettt Eg]Z 2 AH5-Chloro-2-(2,4-dichlorophenoxy)phenol,
CAS no. 3380-34-5, Sigma)> % 99.8% ol E45 ALt £ Jeo EEF
ZAS Ao o] &3] Yal, 77182 Dimethyl sulfoxide(DMSO)o| o] AF83}% o
, TFEo1X stockd] EEE 1 g/mLith AFd 9E s2E A7) 98, 10% 2
SIS A7 S8 gAER ALESIITE A ASH FXE 0, 0.01, 0.05, 0.1, 0.5,
1.0, 5.0, 10.0 (mg/L)°e]™, DMSO7} Agdl dds = = 7o, FolzgFo] 100uE
| A AT P minimum ©) 39 wjA 150mlE 300ml Ze}2=e] 5 F 7F e

S

utA EgE R 92 8o, EgE 220l Pominimumo Al v A= @A 548 3t

A

N
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1st7] &, 0, 24, 48, 72417ttty A& AH A, YA FejE Gt 24 A ghat
o AlE Aget B 58 SAS AYsiglon, mpAE Fl 72 Abdel] #¥ At
DA, chlorophyll, cell size &1& F3 A3 AdHE =&t A3 27 A& Alx
FTEE 65 £ 0.075 X 100 o AX 4 A A, SR chamber (HMA-s6117,
Matsunami Glass)E ©]&3}¢] cell 110ulES DW 990ule]l 10% 343k & 1mlE &3}
o A4E AL 7 A F 3709 sampling (triplicate)S X &3Far, 04174 100
el g ME F thH] 2+ F(16box)E AA 3t sampled 234 AlFE @A A
4 ® 16box<] xﬂﬁ ’“(a)ﬂ a/16x1,000& &3l & AMEFE AN slon, 63 A9

Fagte =] & Ax 75 =Fd WUk

b1opel

2.2 ECs0 574

OECD guid line (2011)o] 2] Asle] E"o] Ao IS Fo] AAFo] 50% A=
A AN B4 F5E YelE kel ECso (Effective concentration 50%)& =438+
t} ECsoE T4 ETEF24E0l P minimume] X += ©@7] 5AS 32159t dutbs o

2 A EZ7 AbEE e o] #AEE o, ECsettoE AME AT E o] &sHAINE, Eg S 241
S W P minimume Controlid} Foto g & xfolE wbASEA] Kt} o]d s
Ado|E= 7247 A9 Chlorophyllgke.E  ECses EZ3Wth.  Chlorophyll a%}t
carotinoid S4& Jstslom, DU730 A #38t UV/Vis 33 =4 (Beckman Coulter)
0] 8319 ). Sample 50mlS 5FA1Z] F, 90% acetonedmf ©]&3] MAE AHAE3 T}
Eggro AZE # 3 Chlorophyll AlAFHe Unesco 19965 ZFarsle] 3343 tt.
=]

4% Chlorophyll2 Origin v8.5 (MicroCal Software Inc.)® does response curve:%

S8l ECsotks skl

o _ilw NI

S = =
2L Az WE A 58 WstE SAHY. b o R ZRoA FA
st A Adll= AEe] & E AMES fEdt Y 2&S
Handy PEA (Hansatech Instruments Ltd.)E ©]&3}% 2™, 3,000 luminous
MRS o] ®BistE ARG FFAE 28 SHE Al HAE
AL, 24 ARS F 3 AES AfEt A WHeE = olF
HjF7 el 207F Haste] 4SS sttt A MAR HAE
7hel AlaEe] #FF TS %733 Aot & vy 2 A&
A FF ), Fu (485 AE7
Tstar ol& F3l FA2eNA e FFE 28-S Yelle Avue EE35 T

e o

b

=3

e

2
2o il of

M ox
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N
o B mo £ 32 my o 9 |

olo
:10
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ok
2
Do
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N
_O|L

2
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N
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WE

T My T
DA -
oo

ol
rr

—.~
o FE:
olo
ol
ol
rr
™

g ZF=22H0, 0.1, 1.0 mg/L)°] P. minimum®| Z&3t9S W, P minimumel~ 1t
AsteE A Ao W3tE A=str] 98 150mlY samplea F%3o] RNA F=

a2
(Tnzol solution)S 33t} F=3F RNAE cDNAi 5“3 &lo] real-time PCR (CFX96
o Es
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PmpsaA)et At~ Eg 27 B S o dAYEE FHAAPmGST, PmKatG)e] HE A=
= &alslsitt. RT PCRA, AHe¥ &3 EZ2 syber greens AFE33 20, reference

genel 2 PmtubA FAAE AFE3F )

m a7+ 2% € 13
3.1 Cell counting

Aol A, 7] ME = 23 WY oA SAHAG EYFEA AHE sX 0,
0.01, 0.05, 0.1 mg/LollA &= frengt A3 flo] AxEGF7t F7tskes Fdol
JZF24 5% 0.5, 1.0, 5.0, 10.0 mg/LolAE 48X 7744 A< F7} ghuh
S Yehle AE F7F Z7bet AR 72870 AlE U hadstE kel

[

[} o
0.5~10.0 mg/LZ #HZFATE. Fojve & F+= sk
AA ke Ao wol, EIFAe W] 54

S
obd, AIE A R Al & Trh= Abdol FAHUTH

15
+O
—e—0.01
= 12 1
= —+—0.05
= ——01
f’nu 9 n
2 —0—0.5
E_ —+—1.0
g 6 1 —%—5.0
<=
% ——10.0
O 34 (mg/L)
0 T T T
0 24 48 72
Time (h)

Fig. 4. Triclosan &X=%(, 0.01, 0.05, 0.1, 0.5, 1.0, 5.0,
10.0 mg/L) P. minimum A5 A3}

3.2 Fluorescence

32 0~1%7H4 log scale® #Z& o 30009 luminouss FUTh OA|ZFAA &
el FFd ez JAE], 7] sample HES AH Y AEE A3 o] AlEtyH
A At 242 7HEE 5.0, 10.0 mg/L1 2= GAAA gy o2 #EHR
0 mg/LAY % Foghe FAHAAT 5.0, 10.0 mg/L 12z} FA3 3 17
Bl lth 48217k 1~10 mg/L7HA e 22 &3S wolx &
7271230l 0.5 mg/L7F @3 wrol A ez OJIPSE Y Eebxl
ZEAt. Y AHE vFoRE FFe FEgFsE Fo EYIENY vEE T
0.5~1.0 mg/LA}eleo] &A= HE g2l 7hs

©
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< 1500 —05 1500 035
S e —10
& 1000 1000 56
500 - ——100 500 190
(mg/L)
0 — e @ — .
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& 1000 - ——s50 1300.9e5 —50
— -10.0 1000 - 10.0
500 4
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0 : : : . : 0 T T r : ;
0.000010.0001 0.001 0.01 0.1 1 10 0.000010.0001 0.001 0.01 0.1 1 10
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Fig. 5. Triclosan %% (0, 0.01, 0.05, 0.1, 0.5, 1.0, 5.0, 10.0 mg/L), A ZFH(0, 24,
48, 72) 333 % W3t

[e]

3.3 Fv/Fm

24A17F5-E 1.0, 5.0, 10.0 mg/Le] EgFE2to] T % sampledl X Fv/Fmakol 3Hash
v ARt EE2EAY FFaYE V)E 72A3b] 9FES BAE 05 mg/Le 9 5%
" REe] sampleE¥ $YS 7 Fv/FmA#rt dEEA. o= EERAte] g
FS FAAR, Fv/EmANM A= BFS FA GoF FA2E ofd AT s dve
A< FS FUE
AR

W& % vk Fig. 5% Fig. 6 492 Fa =2zl F@49 9
shel s gle).

—

5
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—-0
0.6 ——0.01
0:3 —&—0.05
2 0.4 —e—0.1
Lg 0.3 4 —0—0.5
= ——1
0.2 1
\ —¥—5
0.1 10
0 T T T (mg/L)
0 24 48 72
Time (h)

Fig. 6. Triclosan %% (0, 0.01, 0.05, 0.1, 0.5, 1.0, 5.0, 10.0
mg/L), AZPE(0, 24, 48, 72) Fv/Fm W3}

3.4 Chlorophyll a, Carotinoid

72X = el ZF =R chlorophyll oF #9138 A3} (Fig. 7), 0.1~0.5 mg/L7+
ol 74 2 AAEo] #EEATY 0.5 mg/Lol A9l chlorophyll a2 Controlt]H|
oF 73% 449 oM, 0.1 mg/LH] oF 40% #Aishs Axrr B2 JHEEFE
Chlorophyll ®#& A], chlorophyll a%} carotinoidE ##3lc HE A z=o =z <l
stress7b WHAlste] Ao JgS wX| Al & 79, chlorophyll a7} 7HASHAl = a1, 7HAgh
chlorophyll a& WAIst7] Y30 carotinoid’} Z7}skAl Ht}. ¥ Ao M+= carotinoid &
3+ chlorophyll a$} =3 gAozg Zrare= Axrt #&FEHArh w2742 0.1~0.5
mg/LT3ke] FHaFo] oF 549 7HE AA #EEHASH control WH] 0.5 mg/LolA oF
63% Fadss A7l #EEJAHFig 7). Chlorophyll 235 F3] Eg|Z24to] AlxLe]
Ao GEE Fu HIFAoR  FACd d¥ds wHvdeE A FRlEHdH

Chlorophyll a#tS EWH®Z ECsoate ¢ 1.5 mg/LE #&EHAT} (Fig 8).
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Fig. 7. Chlorophyll a, carotinoid % 2 Chlorophyll a 74 &

60

40

20- /
l/.

0 T % T X T x T v T B T
2.0 -15 -1.0 -05 0.0 05 1.0
Log concentration (mg/L)

/

Chlorophyll reduction rate (%)

Fig. 8. Chlorophyll a Z4A& 7] ECso

5 ¥ fAA IR 5

FetAd A\l AR (Pmrbel, PmatpB, PmpsbA, PmpsaA)9t Atst~Ed 2~ A& {F4dx}
(PmGST, PmKat) LA E &Qlslqict. ok Ado| A ECsoate]l oF 1.5 mg/LE &2
A7 olB v FoA FRhE o] ERlE R4S =F AT 0, 0.1 mg/LellA
= Fovgt 54 Ay oA FAAT 0.5 mg/LE 71HLE 1.0 mg/L fFoudk
gro] ##Eo] 0, 0.1, 0.5, 1.0 mg/L % Trox A3s WAYPrhFig 9, Fig 10). &
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Fe ANste] WEAES ol AT B
DCDDel disl HFel A7}

4.2 A&

2 A= AEE A Al EEZte] s vMZEF Prorocentrum minimum
oAl oW FE n A=A Lolwr] & P minimume| EZFEAY] TEE 5o
ATt 24X F7IE ME ATt %r A EE 58S ol A Eel 7T2A1F
of F34 ¥y FdA B, chlorophyll, cell sizeE 38l g3 & A%4E =F
ST

EEEAE AE A4s AdAskE 52395 Btk Cell countings 3] EE24F A

¥% % 05, 1.0, 5.0, 10.0 mg/L sEolA T2zt AE F7b gastgon], of o
0.5mg/Lol A Al3ze] 7} 74 FHadte Zo® Hol AXE Fo Fou|gt 943 F+ 5

=& 0.5~1.0 mg/LZ A= AT}
EYZFE2AE P minimum® 3% g Ak
T A} P minimum® @3S S A3, FFge s T EYIFEN F
= 72413 715 0.5~1.0 mg/L Apole] EA] gtk AE 1At wek, Fv/Fm FhellA
+ 0.5 mg/LollA FANNMA = dFS 74 & HEE o] FFgkat v
Wolth 284 o JF3k, FvFmik 257 7243 71 0.5 ~ 1.0 mg/Le] §%5-F
kS whgroo] Folx ittt Chlorophyll 23+ 72X 74 &= ol chlorophyll a ¢
carotinoid =5 0.1~0.5 mg/LelA 7F¢ 3A #asts A3r &5 QAo ControlthH]
22y ok 73%9F 63%7F AT chlorophyll a9 ECso k2 ¢F 1.5 mg/L=E &%t}
A 25082 s AMA7E 9Es W A4S chlorophyll a7} F
4

T

o2 T rlr i m&

tastal ol & thAlstr]
913 carotinoid7} Z718HAl HEd, E AdAE T AMA BE asE S UER)
of EglErito]l Ax A4 AAE %%“H Ao s FPAdel d&FE v dE

& T i

F7H o R FFAE AR RS SAHYS W, dvk Axos vE A S3E
Y. olE Fd EYIEARS FFAE 7Fel d3ds 71AH, s AEd s fdgt
< ¢ A

o] RE AHRE 3459 S w EFYEFEANE P minimum® FAAy AT Bk o}
et Ax AAEZAA S G3s 71300 AS gld & Stk ol g AnE vgoeR E
224 540 B ARE o] &3te] 1 TAE AT F v AT Wntge] € A

2 AYRS F EgEEAte]l Pominimum® FRAI AE Ede EAE Fddte
Aol #ZALQITE, FIHH O R FFEF Skeletonema costatum®] EZFEAFS Fol3S
G- ABtAEY AT FEEo] 2HE APEAIZIYA 9H(Zhi lin Zhu et al, 2018). P
minimums °)-&3 EgFgito] AFAEYAE fuks] AbEe HAdlo] HiEA Fold
Aolt}, Azl ~E# A7 HAAS-S JEFE ROSE DHR123 staining solutiong ©]-&3)
gelatar, Abst 2E# 2R s AAPE= 23 AAFER] SOD9 MDAE £<¢13 o o|th.
o] %, EFFEAte] Ao S oAt Hd AT AHE EYE cell cycledl 9

W oA ERZ2410| s DIMZR Prorocentrum minimuml| FgHg 2 A42] 2k80)| 0|2|= g&F | 91
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b S s Hela vk wg, 5 Y
ZF 5 UE T 2FE ol&sto EFERA Uik 54 HUtE FHH R & &

4

EEEARS ol vl )l FASAEA HEo] & HA ke Holth shARE, At
ol up 2 EfFE2te 4 s} #Oﬂ A Hrh =g 0] Al st
2,8-dichlorodibenzo-p-dioxins(2,8-DCDD or DCDD)2.& H3go] HsfoF 3t}
(Bedoux et al., 2012). &3l 2 8-DCDDE9] WH3lo] AL AAs =F A a- FeOOH
MnOx =, 873 "] 2kelEo] 2 8-DCDDR2] 7|2 &olatA &4 dth= AL 93yl
o}, EgZZ4belA 2,8-DCDDZ 9] W32 a- FeOOH7} 45% whol] oF 55%9] ¥-& W3l
&S Bola, o]HTh MnO.s= 169 ol oF 6.7%2 WaES 7H5 7] wito] &4 wzA
W Fth(jiafeng et al., 2015). 7|& st FAolA vdes dFdAe EgE=24t
AAZY 7hestARt 25 F3 A2 AAo] o] stgrek eFE A W yow F4b
(biosolid)e] ¢kH3] AAE = dHee= & olgwe] vk 53], EFPIFEAS AA U F
He Aol A7l wel F71A o] 29 =4 wiwg | =l Al A dojrtar
Uk = Tl A9 UPE EQollA, Mn®" Mn*'s9o Wriy= Fol23, EF A st
S I d HEE HAETo 2,8-DCDD=] H3lo] Foju|dl J5ks 712 Aoz H

[e]

Y
N{N'
o

o of

oo

Fe ¥ Mn Atsl&Eo] 98t v &2 2tsls WA o2 Fe ¥ Mn AtstE Aol
FH FE(Ho] F59 ol B Y A T ol2o] AdH] Ux =2)o FAdl
ofs] AztET. 27] EfERAtAA FholRo] A 00 O7[7F dAdHE H, olF
‘smiles rearrangement'7} FPEHHA "o 2E TGy Eg= WA A ClY 2709 1t B
of & Fiel O 07717k Eeth olF Clo| shvrb whAurh gfrjzto] A=
2,8-DCDDE W3ty = zlo] EgE =224 DCDDRe] ®igt7]2tolt}, 9] 7]zto = Q13|
EgE242 DCDD® npHo] aelds] 4ol Ao w, & A4S AUA dvhFig
11.).

Smiles

a OH a a
oxidation by Fe or
0. Mn oxides rearrangement O, cl cl fo) cl
cl ol o o
{Triclosan) / ‘\(j” spiro intermediate {2.8-DCDD)
(o] a o}
——
cr cl cl cl

(R3) 5

further oxidation by
the oxides

cl OH a o
—— o. 0.
cl OH _——
OH . OH & - a a
OH o
e} cl

(2-chloro<5+2 4-dichlorophenoxy) (2=chloro=5-(2 4-dichlorophenoxy =
(2,4-DCP) (4=chlorobenzene-1,2-diol) benzene-1, 4-diol) (1,4) benzoquinone)

Fig. 11. Possible transformation pathways of TCS by Fe or Mn oxides under near
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dry contions.(Jiafeng et al., 2015)
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[ Abstract Introduction

Laccase has received attention because of its efficacy in various
bioindustries such as food, pulp, nano biotechnology and soil
bioremediation. In this study, lignin-containing inducers such as
sawdust and rice straw were added to the culture medium for laccase
production from Galactomyces reessii. In addition, the production of
laccase and antioxidants according to the culture conditions were
investigated and the most effective production conditions by G. reessii
were determined. The culture of G. reessii (4 day) using sawdust and
rice straw was achieved the laccase activity of 2.95 * 0.04 U/L and
7.09 £ 0.34 U/L, respectively, and the activity was about 9.2 % and
30.1 % higher than the control group. In the culture using sawdust,
antioxidants content was measured by DPPH radical scavenging
activity, total phenol and flavonoid content, and it was found to be
329.98 * 11.00 g/L, 0.54 * 0.06 g/L and 0.15 * 0.08 g/L, respectively.
The antioxidants content of G. reessii cultures using rice straw was
found to be 32.17 * 2.91 g/L, 0.61 * 0.06 g/L and at 0.19 * 0.09 g/L,
respectively, measured by DPPH radical scavenging activity, total
phenol and flavonoid content.

Culture condition:
30 °C, 180 rpm

Biomass Selection Criteria

Low economic value
» High lignin content

Environmental Pollutant

DPPH radical scavenging activity

1r

-

%
: I‘:r/

Sampling

Total phenol content DNS

Results and Discussion

Ligain

Laccase activity (UL)

Laccase sctivi

" ' H 3 1 ‘ . ] ® 0 [

Calture dme (day)

Fig. 1. Laccase production by G. reessii using lignin contained medinm

Lignin

4
-

-
=

H
L

Total phenol comtent (/1)
Total phenol comtent (g/1)

=
Total flavoneid content (/L)

»

e

e

Sawdast

3 “

Culture time (day)

Fig. 2. Laccase production by G. reessii using sawdust contained medium

Sawdust

O

" Rice straw
A\
e S 7N
L P /
z \
= -t -
3 o
£
5 ~.
F
g
3
v o . . . v v
s . “ [ 2 ) 4 s .

Cultare time (dxy)

Fig. 3. Laccase production by G. reessii using rice straw contained medium

Rice straw

2 phenet
D favenid

B
s

Total phesol content (z/1)
°
£

Total favomald content (/1)
»
e

Total flavosoid content (1)

G

Fig. 4. Polyphenol and flavonoid production by G. reessii
wsing lignin contained medium.

Table 1. DPPH radical scavenging activity of G. reessii
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Fig. 5. Polyphenol and flavonoid production by G. reessii
wsing sawdust contained medium.

Culture time (day)

ICg, (mg/mL)
2 3 4 5 6 7 .
Control 300.23 31446 287.23 30599 329.01 305.28 296.76 .
Lignin 37.09  36.17 3659 3559 3561 36.40 37.28
Sawdust  347.61 329.98 363.01 369.14 385.03 416.84 430.53 ¢
Ricestraw  49.59 51.00 44.61 68.73 3592 32.57 3217 '
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00
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Fig. 6. Polyphenal and flavonoid production by G. reessii
using rice straw contained medium,

Conclusions

The most effective biomass for production of antioxidants (phenol and flavonoid)
was rice straw.

The ICg, of G. reessii cultures using rice straw was found to be 32.17 + 291
mg/mL, measured by DPPH radical scavenging activity. It showed the most
effective radical scavenging activity.

The most effective biomass for laccase production was rice straw.

In conclusion, rice straw is a suitable biomass for inducing laccase and
antioxidants from G. reessii.

Sangmyung University, Department of Biotechnology, Microbial Technology Lab.(MBTL)
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Abstract

Laccase has received attention because of its efficacy in various
bioindustries such as food, pulp, nano biotechnology and soil
bioremediation. In this study, lignin-containing inducers such as sawdust
and rice straw were added to the culture medium for laccase production
from Galactomyces reessii. In addition, the production of laccase and
antioxidants according to the culture conditions were investigated and the
most effective production conditions by G reessii were determiend. The
culture of G. reessii (4 day) using sawdust and rice straw was achieved the
laccase activity of 2.95 + 0.04 and 7.09 = 0.34 U/L, respectively, and the
activity was about 9.2% and 30.1% higher than the control group. In the
culture using sawdust, antioxidants content was measured by DPPH radical
scavenging activity, total phenol and flavonoid content, and it was found to
be 32998 + 11.00 g/L, 0.54 + 0.06 g/L and 0.15 + 0.08 g/L, respectively.
The antioxidants content of G. reessii cultures using rice straw was found
to be 32.17 + 291 g/L, 061 + 0.06 g/L and at 0.19 + 0.09 g/L,
respectively, measured by DPPH radical scavenging activity, total phenol
and flavonoid content.

Keywords: Galactomyces reessii, laccase, lignin, rice straw, sawdust
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= 1.9288x - 0.0113, R*=0.9999

2.3 At} &% BAY
231 % Hs ¥F £

Al829] Total phenolic content® =ZAsto 2 7k A|g9] sHilgtsS dotE 4
AH17]. & Ao T Eolls dF2 S4sH7] Hsh 7 dl =
Folin-Denis¥lS B35t AR5 00, standard curveE AHdst7] s gallic
acidE B&=4A=2 0|85ttt B&2AES I3 S Folin-Ciocalteu 892 x}85}
of NE9 & Bl &

sodium tungstate?] =3+ &35t phosphotungstomolydbdic acid complex=
2745t El=tl, o] complex =740] dZe] R ttefst Hed b= s
gUslo] A AASS AP HCHIL) oF FRE2 SN ¥ EUE B2

2E A0l Qs & sde Tach

Alsl vbdHe et 7ok WA ZF Al 10 plyk DW 790 pl, Folin-Ciocateu 88

—_—

50 pl& e-tubeo]] BF35H S vyoltexingS XIdistItt. o]& 4% (water bath)
25°ColA 8 & =QF ¥FSA|FH 11, 20% Na,COs 150 plS w435t voltexingst & ot
A 25COIA 1 AIZE EQ gz 7h golo] wigg @eAZl § Eawed

oe g

765 nm ooz == A5t 54 ZAuks ofgfQ] gallic acidz HE ®

F34 Aol sl 3 e YYS Pk

= 0.9635x — 0.0272, R*=0.9995
y = 9% (OD7%s5 nm)

- 5 s ¥

>

2.3.2 Flavonoid &3 24
Flavonoid= H=9 &5 % stuo|tH19]. FlavonoidES &74st7] s aluminium
chloride method& AFE5t%TtH20]. Flavonoido] ¥&Zr2]E& AHEA|7]H hesperidin
1} naringin =9] flavan, = £84 flavonol Hﬂuiﬂﬂ StAS LERACH21]. 9]
o] 4 E X5t EE2AM02YE Alg £9 & flavonoid 2 Ar&sirt,
Ad U2 o2 2ok ZF A2t 50 ull‘} NaNO, 50 pl& A7Iet & g4
25°ColA 6 & &9 vhSAIFCE §hgo] F&s] APE}S o 10% AlCl; solution

50 plg A7iet & F24x 25°ColA 5 % = ‘ﬂ%*lﬁq- 2 % 1M NaOH
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300 plt HPQ’\VW 1.000 ple} DWE A7Ieh & 24 il
SAIZEE. 2 ths 13,000 rpm, 4°ColA 3 & &F ddwY] = FEdgEA oY
510 nmolA WS Sgstact. 54 2UE of#ld ruting ol g8} AP EF
/a0 tidste] & flavonoid &2 ettt

= 0.3552x - 0.0255, R?*=0.9962
y = 8% (ODsi0 nm)
x = & flavonoid g

2.3.3 DPPH radical 2AAH% &4

Aol Galactomyces & w32 Wa outlls Fof AYite]= 4Absl WA] &0l
mrjaich22). 2 @#5L SAelse KT Q= @52A, DPPH radical
scavenging activity2 0|85} #39] iG-S 07}0}015} DPPH%- radical At
Hlof ] melale wm, gielo] H| wa Alo] 2

0]

(DPPH-H)0.2 wigtelct. o3t 2jrjzel DPPHE Abshx|2Al2Re Axt 52
£A5 Ale¥od non-radical 2 AEECH23]. & 2tz DPPH+= F4kel &7
oA A

A4 e T ERS s A
2 It A=t 2580l 813129] DPPH radical 47150 2 g oju]s}
0, d¥tA 02 free radicalte] ®hg-2Ho =AY 4% DPPH radicalg git&lo
2 47j3c) 2o PE|9) DPPHE 515528 nmol A 7bg & & F4se v
DPPHL 515+528 nm 2-20]4 Ue & &as1x £ab= 20 71915t} 517 nmof

A FEES B-sHAT24].
"golAe Hlxlo] Fotste slolenjao] ERo) whel @zt AAlst: aAlsl
WHge th2at 2ot DPPH radical AHS5H-E Aldis)7]
S kS A7) Qs (+) controlyt rice straws A
S22 o]gsto] 10 v 3AA|ZF OO, (-) controli} sawdust’f
o|-&sttt. Adds Ald¥sty] {siA 0.125 mM DPPH &H

5

ru

@
r&“L

S 1.5 ml e-tubed] %3t & voltexing ot A2 &
5Col F4x0A ZF Al8E 30 & &9 ¥rgAIZY. ¥ & &
25204 e-tubed Ul A|RE cuvetteo] 3ot 23d A 1 517 nm
oA 8% = FAsIAH. Blank? 742 methanol 1 mlg o] &5t} o|%
DPPH At 2tz A &/dS ofelle] Aoz A4tsiaitt.

. Ay — Ay
DPPH radical 2+ =(%) = <100
0

A, = the absorbance of the control reaction

A, = the absorbance in the presence of the sample
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ESH DPPH radical A7 59 A3 =517 sl DPPH radical 50%S A75t=
O =WQast A 59 =59l ICs(Inhibitory concentration 50%)%2 AAtsH3 T}

A &9 F % (mg/ml) X 50
2.9 DPPH radical 2271 (%)

[Cso(mg/ml) = —

2.4 Laccase &4 2A
UW&u]A Zoj=4Ql BPAE 2l1d ol Ql laccaseo]| 9J5ff #afiE o =0

[25], Galactomyces reessii25-E| laccaseS AJAHE 4~ QITH26].

A

o

2 o= Wolfenden and Wilson ®H-S &3} laccase activityS &45t% 00,
7|1A &2 2,2 -azinobis-(3-ethylbenzotiazoline)-6 solphonic acid(ABTS)S AHE51Y
tf. Atghstd g A % SHUQl laccasew 2,2 -azinobis-(3-ethylbenzo tiazoline)-6
solphonic acid(ABTS)S cation of 2,2 -azinobis-(3-ethylbenzotiazoline)-6
solphonic acid(ABTS®)& ArstA|ZIch AbstsEl ABTS: 420 nmojA] £ % o]
SIS 7Pl 9ie27]

© d7oM 24 AR2RH laccase activitys F7Fstlon AdY WY 43
£t ZF A2]+ 500 pl, 0.01 mM ABTS 500 plE e-tubeo] &%5to] 2 Aoj==
voltexing S AI8§5tCt volexing &8 $ St %X 9] 2 &2 Jaccase &9 z|A

259l 50°C2 A7Astil e-tubed] &%l ABTSQt /\]EE 10 ¥+ &9 ¥rgAZH T o

5 ez oA e-tubeE U AlEE cuvetteo] EBZstu BIY e w420
nmoA FFE FE FHSL 547t 1 &1 71A ABTS 1 pmolg A7 45

AXrstict Blanko] 749 500 plo} 749 500 plo] ABTS Al &35to] AL
stR. Zb A2 laccase?] &/d2 RIS #l5to] ofie] Aoz laccase
acticity(U/L)E AAtsteict.

AEXT,

Laccase activity(U/L) = YA

AEFE! Final absorbance - initial absorbance
Ty total volume of the reaction

g Molar extinction coefficient

& Optical path

V. Sample volume

108 | The CELL Vol. 15



m. 2z % na
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AR A

[

3.1 vlo]QujA E=o] 2 G reessii9] 713

Galactomyces reessi’t @3 AWste AAsH= GANS haF

57 2g2 pdskn. 2 vief Al Had2 glucosezr AR5,

F71 $1sll DNS 2Hd

ol

= o
o
< AMEFe] x£7] glucose sr+= oF 15 g/Lolt}. Figure 12 DNS &Y 54
= O]&sto] wgd ¢t ZF A2|te] "X W glucose m=5 F7gH Aifo|ty. A
& A3 wljgo] Aleido] M2t B A2]19] glucose H=7F TAakl= Zo] wAE
=3
20.00 -
15.00 - \
a0y
N
2
2 10.00 -
o
)
=
G}
5.00 -
0.m 1 1 1 1 —,7 L} ; 1 43 1
1 2 3 4 5 6 7
Cuture time (day)
@@= (+)-Control (-)-Control Sawdust ==®==Rice straw

Figure 1. The effect of biomass type on the glucose consumption in fermentation

of Galactomyces reessii

A2HES
1 Aot (28], G reessif= glucose, sucrose, maltose 59| EHAY-S ATE 4
oQltt. &, & X9 glucosed] w7t ZAAE= 7L G reessiiz F 5

glucoseE ARsh 7Zlog 2 4 Q).
-

e R7I82YS oUAld R HasA0=z o5ty N2 dEs /st
A

_,d
ox,
N



(=/1)7F GERFET, ot Y2, T4, 45U 5 2@M9l g9os AR
cH29]. % dloloujae 2o 2AR sy cfawt ATl Mz B0l KLt

+ AZI7E 2ol Wet glucose®] & HAAZI7E g Aoz Azt

3.2 H}OIQUHA E20] O G reessii ¥ aMo| FAg g5 2A

G. reessiyt AAteh= grAtst A0 =w = 35HOI517] Qs Total polyphenol
content, Total flavonoid content?} DPPH radical AHsE S7stth
Phenolic compounds+= mto] & AujZQ] st £& 2 phenolic hydroxyl 718531} ©
WAL A, 27F 2502 H AUEAtE Atole] st A9 A sl FAter

[e]

2 UERATH30L 4270 e Bad 2% AR F shue 2 3R, I 3
Aelatg wok ofuet @5 FelAHE Mk Wellsel 5%, waya So| a5ol
wusigon, dyses My SYTe YU LIS At Aoz Laln A
[31]. = A23 279 24 ThAMEE § SR poly phenolol st

[l

1= =

d B S Chge ABRiet a%-2 UerAcH32). shalo) A
7te S = s4of T2 G reessii B8 o1toH9] Total polyphenol content Zyt=
Figure 2, Total flavonoid content Zyt= Figure 3, DPPH radical A+5 21}
+ Table 10 Z}Z2F YeR I

r
O

3

1.20

o
8

+
1

Total polyphenol content (g/L)

o
8

Cuture time (day)

e=@== (+)-Control (-)-Control Sawdust ==@==Rice straw

Figure 2. The effect of biomass type on the production of polyphenols in

fermentation of Galactomyces reessii
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Total polyphenol content A& Ayt £45F 2 7do] A7 (+) control 25
AelTs 5 W e mled ol RS Uehjglon], wgdel Ada% F
dis gegol AR Woll: Zos AT olgh vtz e 1dol AHEA g
(-) controlZ 7M ®H2 HE dFs UEHUWIIY. SawdustsE F7ieh vix|9] & o
= A2 054 g/Lz vHiY 7oA 7HE =A HEReYH, (+) control Ofv] oF
443%9) P42 BoIZYTh. Rice strawZ A7KE vixl] 29 F sldaol 061
g/L=2 Hi 3LolA 7 =7 UEHen, ol= (+) control tiy] of 40.7%°] &7/
2 Ho&Eh. &4t 2lado] xotd (+) contrololA 7MY =2 Hls & UEHY
1, 22| ahg8l ufoleujAdA g 1do] H7tElAl 9 (-) control ot o &
o

73

MEE YRIE A8 UL W, AL G recssie o e Wil 3
Mol GFL /A Ao Bolch A2 YRUA AWHE ¥ A2 Yol
U wolg oAlsh] gt gete e Rulsh: e AH8(33le] LA 9o ol
g e 2Ae e AW 082 Rl Rl S F71E AcH34l 9
S8 2Ia) o422 polyphenol Attol @& ot YelzolAl Y F A

1.60 -
3
<
3 ._‘\.\\__.
£ 1.20 A
7]
-
c
0
)
T 0.80 A
o
c
o
®
= 0.40 4
©
§ ® = e S—_
O-m L} L T T T T 1
1 2 3 4 5 6 7
Cuture time (day)
a=@==(+)-Control (-)-Control Sawdust ==@==Rice straw

Figure 3. The effect of biomass type on the production of flavonoids in

fermentation of Galactomyces reessii

Total flavonoid content A3 Ay} (+) control2 = 3719 A 2]+Ecth 1.00
g/L o © =2 flavonoid &FZ UEIUGITE. SawdustE: A7FE wix|e] F
flavonoid $tHF2 0.19 g/LZ2 v 6UoA 71A =A YUERG O, o]= (+) control
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8] <oF 15.8%2] &/ oz ENST}H Rice strawsS ZA7IsH viX|9] = flavonoid
T2 0.19 g/L= i 4dut 7oA 7P =7 ARSI oH, Ol% (+) control
H] oF 15.7%0] siigsttt. ol 2]l2d dRdol et flavonoid A4tge] &pol7t
Aste oz 2AHY. A A sawdustel rice strawo]] R 2]21d9] F2 A
Atsto] (+) controlof &= H]&gt 2] 1 &Rl 30%E Eo] £AZo = (+) control?]
flavonoid AJArFE sawdust 2]l rice strawsS A7}St viA]9] flavonoid $HFH
of 1.31 g/Lo] & Apo7} Y= A AT & ot m2hA] flavonoid AJ4HETH of
Yel mEm AitolA Aol (+) control Brp @2 olf= (1) ‘A ArgH
sawdust@} rice straw?] @]14 sheFo] 30% Ho} 2 Zlojthet= JHA T (2) AF
25 dvlojeujAo] 2l ad2 A EFA(2] 1Y L@2AL FEANE EXjstEg 0=
o] &&str|of AgstA| k2 FHo|hHAA Lt 22 vjAgEo] &8sty ARe ¥
ﬂ194 714 A2l 1gol asit) et 782 Eoto] 1 o|fE FAS & 4 At

SHAISE 2l 2dS &RSHA] &2 (-) control Bt} 220l ShRE vio]QUjA AH
oA flavonoid®] g0l Bt =7 FAE 7] g0 g 1d2 HE ABitat GAF

— aT
SHAl G. reessiiz%-E flavonoidg [F-=oh=0] 345 F&d= FAUC.

ne £ o

r}eoa 7+ xale] DPPH radical A4% A8 ZHil2 Table 10 UERJICEH
(-) control, sawdust A7} 8X], rice straw &7} 8jA] &% (+) controlof 8|5 =
2 [Ceo = UEHHRIT. G reessii 8| viA]0] sawdusts A7ISEAS ), [Cso>
329.98 mg/mlz HviQF 2904 7 @2 o] =EEUCH, o] (+) controld
ICso THH] 9F 912.30%°|C}t. Rice strawsS A7Fst 73%, 32.17 mg/ml= v 7o
A 1Cso Zro] 71 Woko ™, (+) control@] ICse THH] 86.29%°] &S WLt

Table 1. Free radical scavenging activity of fermented filtrate from Galactomyces

reessii
[Cso (mg/mL)
Culture
time 1 day 2 day 3 day 4 day 5 day 6 day 7 day
Type

(+) Control 37.09 36.17 36.59 35.95 35.61 36.40 37.28

(-) Control | 300.23 314.46 287.23 305.99 329.01 305.28 296.76

Sawdust 347.61 329.98 363.01 369.14 385.03 416.84 430.53

Rice straw 49.59 51.00 44.61 68.73 35.92 32.57 32.17
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1 &4 SQto] vigd ICs Hat2 ©E519 S M sawdust= 377.45 mg/ml, (-)
control2 305.57 mg/ml, rice strawe= 44.94 mg/ml, (+) control& 36.44
mg/mlog ICs Ftato] =2 oAt = YAstAo. o]} Zo] (+) control?] ICs
e sawdust Bt oF 10.48}, (-) control Bt} 2F 8.44}, rice straw BT} 9F 1.2
W) e Zie sel @ 4 9
Table 10] A2 Wl WAP} 2 A2 2 2 oltf S 574 YA Ax
Q=2 0ls] Ayt go]gr} EorASE Z1oz2 A=t DPPH radical AHS 4H2

F3517] YsliiAlE= the absorbance of the control reaction¥t the absorbance in
the presence of the sampleo] D Q35I}. S8 = ZHe 7|2} cuvetted] &4 285
o] 4, 9JF & ARt 39 o2f WQlof| wat Rpo|7p WY 4 ot
Mussatto 2] (2007)9] rice straw dAEE &% ARLE o] T =W perulictt
p-coumaric acidsZl=  HAS] Fo 84 HEioA XS 7|5™or
diphenylpicrylhydrazylo] diphenylpicrylhydrazine® 2 Z#gteicty sStoh35]. 9]
NS E5} free radicalo] AA =& A4S A5 €o} non-radicalo] E]o] DPPH
radicalo] ¥} gyfAlo g2 AAEE Zlog AHAhst 4 9ltt o] AofA| rice straw
+ TAtet 250l Eoa JUEQY, & AAoA EHT ICy ES free radicalol
non-radical® ArE]HA] (+) controlat & At g0l =2 Zlog A
gt

SHAITE sawdusts & A2l F 7MY =2 [Cro s HoF31E=t, sawdusto
EA7} free radicalite] gh22lo] 2 EXPr} ofyeh= 7520l =}, Free radical
vto] wkeao] 3 X ¢fo™ DPPHE DPPH-H=Z $H¥%”| oj2i®] DPPH radical A&
750l Rotx|aL olg Qs ICs 2 AUiAoz Eofx]7] TZo| . E}E}H
sawdust?} (-) controlo] 300 mg/ml 0]4t9] ICs = UEI = 71 SHArst &

o] (+) control Hc} oF 8.4 ~ 10.4 v H& 712 o 4 Q)

TetA G reessi®] BlYC=RE Fatst 24 AJAbo] 7HE ®abAQl Blo] QufA
= rice straw@ ZAstFC}

S
-
o
—_
)
o_O'l" _”X'

3.3 Galactomyces reessii &g M| laccase &4 A
0|22 HH laccaseS S-%5t7] oA laccase?] inducerQl 2] 1ydo] mstE =
Aol Hasttt. 2 AdoAe YJideE 2Fdste violQUIA(AUE S8, HA)E
0|83} G reessii2HE laccase’t 84072 AMALEE A2 eRA5HoITH 2+
+ HIAIQ! (+) controli} 2]1d-3 A|e]gh 8iX] (-) controlZ
AR SHH 31 %o‘j_lé_} 27 oA 1 2 S0t G reessiis vjFsto] AAHE laccase
o U

Epgict.
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TableZ2. The effect of biomass type on the laccase production in fermentation of
Galactomyces reessii

Laccase activity (U/L)

Culture
time 1 day 2 day 3 day 4 day 5 day 6 day 7 day
Type

(+) control 29.05 29.37 30.57 32.17 34.09 36.48 36.77

(-) control 1.77 2.05 1.56 2.13 2.32 2.10 2.08
Sawdust 1.32 2.69 2.70 2.95 2.04 2.84 3.37
Rice straw 4.70 4.87 4.80 7.09 4.74 3.94 5.92

Laccase activity A& 23} (-) control, sawdust A7} 8jA], rice straw A7} dj
Al %= (+) controli} B]wsto] W& laccase acticity (U/L) %Yol UERJCTH vlo]Q
Ul AZH sawdustES o]8&st 74 v 7oA 3.37 + 1.04 U/LE 7V =2 &4
S UEY R o (+) controle] oF 9.17% laccase &AL Hoxrt Rice straws
o] &35t 742, laccase activity= BiY 4L 7 =& 7.09 + 0.34 U/L9] &4
£ YUERYOn (+) control?] °oF 22% laccase &S HAFRQth ©= A7HoA
sawdustg HiO|QUjAZ ARESHES © HT} rice straws viA|of] &8s O B
C 43t laccase A4S Holtt.
’\E‘@Oﬂ/\i /\}REP sawdustﬁ} rice straws 2]74dg ZSS= Zloz A Q)
3 YER7} laccase AjAto] 2 FJFS F
controlZ HiX|o] A7}st 3L laccase
StRIY, 210 e At vlolQujAs E Rl Wet laccased AALS
ol lol@ufAd] Zatgl 1ol nAIE CiAl
spx ere FElYl A2 AlAbIO), ejayd olo) Mg AAshs A apgol

|o §

u
AR P __>7
% ok rg
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4.1 A&

B AL1LLe Galatomyces reessiio|A laccase?] gupAQl AAF R71S ERMSHY]
stol @ladol g8 vlolotiAS g vixlo] Attt 24 elade Ak
(+) control®}t 2]7do] FI7tEA] 42 (-) control& thREFO 2 Agsto] AEHFt
HluE Eoll 79 &QF iAo T laccase ¥ F4itel =40 AAtol Tfsl =AfSH
o

S

DNS &gt =82S o]84) glucose 5T § WSl 2 ZE Al2]HoflA
JE o] @t glucose®] s=7F fasts UYWL o= G reessii’t 7
glucoses 223 215 & 4 Ut} sHAIT vix|o] A7 =40 wet 7
© Gl 25 O Aol #AEEIIE=Y (+) controlit (-) controli= 1-2Y A,
T2 2-3Y0A] glucosed] =7t g4 AT 22 49 t¥E Ya'
AEord 2% FLe RUOA Higo] APHUAT 718 22 L= G

o Aol7b WASHE o9t A7kE sloleniast Ax Y Et HS Bl o
_7<'_

o toh
uju

> pood &
(@]
i)
S
gal
(o]l
==
lul
2,

)

o°" o
HJ\O o

3o+
A= Ao=w WSt
G. reessi’t PAet 285 S 4 Qe A9 AtRE vfFoz 2 A4
of|A]= Total phenolic content &A%, Flavonoid £A%, DPPH radical A%
WS AMRSI] G reessii WaMO] FAEE 558 HoIGIYch & W=
A& (+) controlo] A7He HiX|oA 7MY =2 H=d SFE9 3P0l
YMA] (-) control, &%, HAlo] A7t Hix|oM = Jixlez @FH2 o HE &
o] &= 9k,
Flavonoid ¥4 Z1} (+) controlo] &A7= viX|o|A flavonoid A§Ato] 7t 4
st¥len, (-) control, &%, HAlo]l A7 HiAoA+= flavonoid A§4Fo] AJoiAlo
2 U2 712 ¢ 4 9ok SHAI9 () control Bk §4. Walel A7k wiAlolA o
=2 flavonoid’} F&E Q7] ©Fo] 2]2do] flavonoid Ad4to] AR FTF=

-

1 Bob djope] 10y BRI WIRWES ©, 7MY &S 1Cp e sawdustr}
7=l " X0l 377.45 mg/ml, (-) controlo]A 305.57 mg/ml, rice strawojA]

44 94 mg/ml, (+) controlofA] 36.44 mg/ml2 £A2 SAEQcH AS Ayt vjx]

of 3 2 o] DPPH radical A7150] WM FFS UAE AS L 4 9
Ch SPAlSE B PAE B Al 2 GFL FA| g A0 Hoof, WA
(+) controlel &4 2] 1da ulxd £79 FAe} 2AS YAt o= e
Wit
M .



FEN7T laccase AZ4ito 2 F
71et 742 laccase o] AASIFAIT 2] 1o
laccase F-&=of Ato]7} LAYEQITt. o= vlo] uf
off AsHAl & & At AS AlASHH of7]9 & A7 asit.

AUHOR G reessii2HE laccase?t FAitet A4S g or [ Lsiur] st
Hlo] QU A= rice straw2fil WHEHT o|2{st Aub= G reessiis ©]-&5l laccase
= diFAsh=E R85 AREE ZolH BPA free A& 7Hgol 7194gd & A=
g & Stk ESF G oreessi®] ¥Hags &5 A FAber 222 7154

o 7]EH n o
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2 9= Jaccase®?l 1718 MANSH= Galactomyces reessi®] 1t HE
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S ol G reessii®] laccases BPAX 2 A, =&, Aok, 7168 AEs
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A&

Algo] dt= AE AL T HAEA AEY A(abiotic stresses)?t A=A AE
H A(biotic stresses)Z Wdth (2™ 1). B[R AEYHAE AE0] ofd AHA
Qclof ot Zol7] wZo] &d AEAnE Fd=t, ol v AEF
20l F, E, e &0l sigeth AlEo] W =EEH e eQlo] st
R4 AEYA Yhgo] ZItshr| e st o]+ HBEAAEA AEA BE0]
EgAor ALt AMdS BEoEO(1]

o570l e Aed &F 2E A0 disto] trefet ®of Z]Ato] U &=,
o] WAOA WA|AANabscisic acid, ABA), AtAZAHjasmonic a01d) AFg] ALAL
(salicylic acid)at 2 A& s230] £33t LS It 53] YA FH
go] 425 AuiAler AF|st= AELHA URZO] AYPAQl RAATR o AX|H, H
AR BEA 2B A0 Oigh B35 UASH Zaste i AR B E T
[2]. 210X = A=Y eF g0 gist AEAS AFste o Y 24 F sty
N PA| ALY A, A, 841 H Aledg My 5 AEHAQl ojsfet 52783
#AYstect

Abiotic stresses Biotic stresses
Inteﬁse light Pathvogens

Herbicides Pest damage
T Ozone Wounding

| Heat i
Chilling

| Freezing ‘

Oxidative
stress

Flooding //

Heavy metals

3 1. Algo] W= HAEA AEY AR} BEA AEFHA
I & X Adrian Slater 2] (2008) [1]

1960 o] Addicott ¢ 1Elo]| oJ5] 23l2HE =&3t 35
2 WAL Y=Y abscission(E2]))2

oA A
HAz 2] i

v ox] =X

e taste 24 5 5

—_

o

of ‘Abscisin I '2}1 HHEQItH3,4]. $HH Eagles?t WareingS ApAHLPLLO] &£ 9]
betula pubescens=%H ZF&st A AA Y SW(dormancy) F= =AHEZ
1) @ £ oY 59| 7[&0| O 7|20 0|52 Yo E QI5t0] oKXl HAS 2O0|stH, 0f7|A O

BO|Zh 7|9 7|RE O|R= RECE 22 Hy0| A ECHA4)
AME W 2E8A WY 32FE WA 24S] FRM A &89 Aol ofst A | 123



‘dormin’o]2tal Y SFATHS].

0]§—0ﬂ Cornforth |18 o] 2]sf Abscisin 12} dormino| ZL 24 o|2t= ARAlO]
TS A6l A2 o8 Y= ARESte Aol tigh &do] AT, T2bA Addicott

ﬁ?%% 71E9 FAOA ZA BlojuR] ¥ ghstA HAEE UEUE M2 B8R

O 2 ‘Abscisic acid’Z A|QHSHTH3I.

BAI 2L 28]
-ChlH (Mg-chelatase H subunit)

The magnesium-protoporphyrin IX2) chelatase subunit H (Mg-chelatase H
subunit; ChlH)&= WA|ALE +8A2 HuE A WA T¥Ao|t). Mg-chelatase=
Mg”*S protoporphyrino 4¥¢Jst= 718 &Ufst= &40t} ChlHe F=A00 EXY
stoj FAt wol, B0zl A, 7% Hol glo] WAIAA §HS-S fEITHTI.

AEd BN SR A, AL BNLE GRSt o 4 FEKE
WS A7) 5] Moz oy AEIS WU, ChiH: ofF oirsts o &
AAQ oAEe shi, PAIAMO] OfFE AR SERIZA BAAA AEHTS oj)
stcH7,8]. SHAIRE B2|(Hordeum vulgare)o|lA ChlHO] Abz THHHAIQ. QHA] AALO)|
AR 2 ASHA] St 45d B ue QIoH10]. E3F ABI5, DREB2AQF 742 QHA|
AAF HES O ALO] WS AA|st= WRKY 1§ ©HiAl & WRKY40E of 717 to
A EQvo] AZiLUlE WAIAM ok 44 2 ABIS?H DREB2AS) AAF E7lo)
Qurslx] QFOICH10]. webd ChiHE WAIAAT A AFsIA] YAlZ WAL A
sXg F2o] gFL2 UX= Ae=m HiE Hsz Qo

-GTG1x GTG2 (G-protein-coupled receptor-type G protein 1 & 2)

G-l @ 284l AEHol AW JlsHoR @Y 9k GTGI
(GPCR-type protein 1), GTG2= SBA|AAL 28X 2 A3ttt WA|AAF AlSAS
WA AR AR e & 4 910, G-protein o-subunit (GPA1)y} AFS &8-St
tH7]. GPAIZ GTG-FYA|2AE 2 2 AAd oz FAIAAE AoAE A2
2R or xSk, 53] SAF Hop H ot & AR F4AA £F0] Lo
T T glg 2AR0] AEAl= oPEF At Aol UL, gigl/klgZ olF &%

WAIAAF Ms M WYol A gojet AfolS Bo o]k GTGI £x GTG2
2 9Hs] BRIl & 5 shyvtoz weEgtte Ans B Aol

2) porphyrin2 M4 FEZ2Hl FE4L F22E U I A4H FHO ZHO| F= aF0|H. 19
FEA F0= protoporphyrinO| UL},
3) MEMZEAM §H HEE AHAYStE 7|2 o, MAX, DJEFZEZORIY, 2 A7|E FHZt
2, 27|29 U L 7|59 HY BE EEZ SASIL AV|HES ez LS E HY M Y &
U2 HAS %ZﬂérEEﬂ O| & g3l M=a2tu 8]
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-PYR/PYL/RCAR (Pyrabactin Resistant/PYR-Like/Regulatory Component of ABA Receptor)

2009¢ o] PYR/PYL/RCAR 487} v3]&A PP2C, SnRK2, bZIP E}QIo] XA}
RAR/MALRZ OJofR|= PAAAF FRE AZAAZE 2 A EJATH12]. 20090 & <
T_LEJOI FAgay *ﬂﬁ?’“oﬂ 57‘]15}% U BPA AL 2 BAIE sttt oF AGEH2
‘42 EOl&= pyrabactind] tisf AFdS UHEUH=
IS 225t PYLz BUstied, g d182

|

rl

sovolz Aus 5 oﬂ% % o
7t

-ChA QlAlst &4 SnRK29t ©RIANSL &4 PP2C

A5 wod WA MY fARPE deEed. 39 29 2ol g4
basic leucine zipper protein)4xt & GRA|AAF ¥YFS A A AFQI
20| WolTH14] 5, AEFA BoIN WAkt AAHE T
g7 o ol QusEo e HFHOE Yol SRR} YelHE 4
. WA2AF 28R $RPo|E PYR/PYL/RCARO] 9l ol Zzo] wojshs
WA A S80S Bb T A | olRoiAL SIck

Q 15_ SnRK2 (Sucrose non-fermenting 1-Related
protein kinase 2)= AE oA, YAIAAF ¥ HAARIAE A o 7=
o QoMY AU Agy SAAel Wl Boigich Wl Hxs
H % PKABA1Z TaABF19] QlAtsto| #Ho{st=4|[15], TaABFl+ bZIP AAIRIAIZ
A FAI AT f = fAARRE FAI2AE AR RAAL TS 2 of7eitH16].

O.LL;/\

o
|~

Non-stress condition Dry condition
PP2C ﬂ g
Inhibition

Inhlbltlon

m AREB/ABF Cancellation *

SnRK2® \x) f-\ %I)'\‘EBIABF
+ R"RAS \j lActivation

Stress-tolerance genes \W

Stress-tolerance genes
a3 2. WA|AALS] Al AT wHA]
1dEA: PDBj [14]

4) bZIP2 AREB/ABF (ABRE-binding protein/ABRE-binding factor) family®| <3tC},
5) AIR10f AAZ QIAFSISHE ATt QIMEFE Qojic,
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Ar=o] AAPKE ZWIAmolN ZAstEo] 7129 JjHE st 5z WA
[17]. of7)&kcho] 72 107]2] SnRK27} E&j5tH, €3] Sub 129] SnRK?2
= ABAO| s o} 7slA] agstEictn stoi1s).

2o g, TEAl EojAs g4 2 42Xl PP2C (type 2C protein phosphatase)
+ HAEHA &HoA, SnRK2E ZRIAetA |l oz FAIALE §EE7d AARRIAR &
OElEJr 1dEe 224 (aY 2). olg AatRlor AEHA ALY {FAXY
o o7 B¢ 76709 PP2C7F EAh L deiA =t o]
2R (7-971)ol EAist= PP2Co| vlsl L 271 dAA ] WHh A&
o] o]=A W2 PP2CE Ml o]fr= ©0]/dHE(2017) < OEFLOﬂHt = 7HA1E AAlsE
Fedl, AMie YA Edetete AR SHREAE 2247 T

T P

class I

o] "R w=A A5 2se B2 gUi
gt 547t EAE & Q7] miEolti18]. matA )R ol ot AERA A
Flofl Ala W TR Qlibel asel FRldtel s4go] Aol TR SHUM

Atst i_%\_ SnRKZQ} E*?_/\Pﬂ 24 PP2C+= al
Qg gich WuAo wistet 2aystol nlAﬂéJ Ao ABAYY] Wio]7]
2o o] § 7t0] 4aatgo] W AL Wol o] 2ojx| 1 9t
olo] AFFE0l SnRK2E WAIAA ASHY BAHOIA WAL ¥HS Y wo

=

SnRK2E &QIAtst AJ7]x] == xAs)of st=1], o

7} 9asict PYR/PYL/RCAR thEBZlo] jn vitro AtolA] A& 02 PP2C Ee}oyﬁ}

ax 4= QW]%JUU_L orziMrH18]. Wiz u]igaﬂi 3}
]

. a3 39 yEricled, A (1) MAaFoA B
-carotene (C40)o] ¥=9] ¥vr2-& AHA Xanthoxin (Clh)oz Hzte]l= 1Ayt (2)
M|ZA oA Xanthoxin (C15)0] WA|AAIOC 2 AlStE|= wAJ oz JLREITH]9).

(1) PB-caroteneoz2XE Az2tEl Zeaxanthin® Violaxanthin© =2 of|ZA|3}t
(epoxidation)®E]H[20], ©]= Zeaxanthin epoxidase (ZEP)o|| <Js Zuoff = cH21].
Neoxanthin synthase (NSY)?F isomerase =40 9Jd} Violaxanthini}
Neoxanthin®] cis-isomers?t A& =0|, 0|52 9-cis-epoxycarotenoidioosyase
(NCED) 849 95 Xanthoxin© 2 E3&]o] MzAz 2ri22].
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(2) Xanthoxino| short-chain alcohol dehydrogenase/reductase (SDR)9]| 2]&f
abscisic aldehyde® A|:z7dofA HFECH23]. FAIAAL ARH/do] opx|et ©iA|=,
abscisic aldehyde oxidase (AAO3)o] 9Jslf abscisic aldehyde”} carboxylic-acid
2 Atebdti22].

(a) (b)

OH
Glyceraldehyde-3-phosphate + pyruvate Zeaxanthin
. 4 p; DQS B ¥ I I |
DXP HO l ZEP OH
v - J Antheraxanthin
Y " oH
IPP(Cy) He™ y ZEP 57

all-trans-Violaxanthin
Farnesyl pyrophosphate (C,;)
HO,
GGPP (Cy) g
PSY
Phytoene (Cyq)

y PDS
{-Carotene

HO : l

| S NoH
0 all-trans-Neoxanthin
HO'

— >
Lycopene 9-cis-Violaxanthin

9’-cis-Neoxanthin

B-Carotene sl
L o NCED - N
T e) A7 O —RceD 70K
Xanthoxin “0 Sl i Plasti
Py HO CHO e e
) At . | SDR
>3
Xanthoxic amd/@\)‘j ABAId (</8|—7H Seicg,. . 19)
HO ° CooH o e (j ~
SDR? - (1) l o S
? ~ L CH,0H
ABA “OH £ Abscisic alcohol
(6] COOH

TRENDS in Plant Science

T 3 PAIAA B WY U aA

=2 &A]: Mitsunori Seo & Tomokazu Koshiba (2002) [19]

NBO e, 2. AeH Te AcaAx KA, AEA el WAL HEe
So1oha. Aol AEelA ey Wgol Yolurizal Aol WAALE ¥4
2 mZO|A ALZO] AT Wdo] Holsh]E gt

-Ql9] 4 3|(Senescence)
Agol @ F sl o
S FgEo] BQast 70| Jos 92 Y g
1 dsset A7)0 =Fsto], olg k3f 3gEZ AR "ot ojnfj, Yol AEEE]
of Zat M oto] Afebs AA 02 SUHITH26]l A wE AR 4
o
0}

(0]
rn il

[
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2 o wao] 9o AP FCh & UBoIME WAANL A3t o4 o
wept £39 AVE BPou[27], B2F AT} G240l E BACH28].
Lol 402 U o2 QA BARS AALSH: Fepabgol T, s AAe
sisto] ol A olaargo

2ol Weis]. o Aol
LeiA Ioick. SRR AT A
Sol o] a7 WARITHE ALS W

e R 2 A 19 19

-Z X9l 5 Hi} Yol(Seed Dormancy and Germination)
el 028 QolN WAL Y B4 olnk v AUe A FAIA
1=

v
1

st Y Al =92 FUH9L ALBOIA BAIY B 9 Wobk A2 4R
719 @4l wAo|cH23]. FHol Tojshe E2Boli Aldjleu WA Adto] gt
AEAS FAHS ARSIL Wobe FWste WR[29], WAAAS AZ FAD} 2,
P, L& S AEI BYS T Al ol AEF fusty, FUL E78
L oofare FoH30) VAR A % NEAHTW AT LS SHAE FA FHL
5@6}% o Fasbl AgIATh FA FHS SMste o WATH YA2ALS wfoto]
1 garEch 2o &l oRdA BYH WAALS FA FHS AF fEY
= %1&[311 SPAI5F Kanno A7&o] AEoIA 27 £AA A WA Ato] b
of2 0|53t HOo2 Hof MO FAF FUL FET 4 ks AL U 4 9
CH32]. WAIAAT AFY SHA F NCED: 989 4mg AEITH23] 13
NCED6 X NCED9= ZA SHE S Lol= £ WAIAAN SAKo|tH33]. NCEDE
S T} WAXZ S APOIA FAIY WAAL Ao FILT 4T Lol oA

5t 2aE ETH34).

-Wa] 31X ¥3(Modulation of Root Architecture)
Al A1 fAA Id g3 A7 Ayt FolAl €7 ®sto] o2 fa] dA
EX= = El m

Allauxin)> #2] £F 7|5< St 1A =
ZA A A= AFE 2FFH35]. 0] F29]
Bl 20N w2 559 WAL AE9 Be JAE dAsteE dor @
oF < tt. sHR|RE, o|% Medicago truncatula latd =3¥Ho|S Eof] WA
ZAO] GX|eb Aol Hofstth= ARAo] AHATH36]. e dT2
B2 ol dofdtt. ShA|gh, HHEoh wes| Ba] /g7ifo] o]FofX]
+ F52 o Mlzrt 28fsto] At Zlojoi35]. g A= a7 AEHAES
v oA AlA4bo], A Rejo] HRE Wl /A F(reactive
oxygen species, ROS)9| A3 &0 2| AGgZ AFste A2 HeRH37].
BA|AARS Yoo EAfjste 28 EQF &40 mat Algo] AT & QA #2]9

=

2olx|gh, WA 2L B
VS

44
B
i
R
ot
ol
ol
=
P
o
ol
rr
18
ikl
tjo
rot

128 | The CELL Vol. 15



-7]% 7% (Stomata Regulation)

Algo] 4%t 29 90% ol £2 7lFol2t 2w o ny & A2 A4S &
off 2AET38]. 7159 sHAZEE T/ Besh olitetda 59 74 &Y. &
ARS8 SHANREE M2 RS 7HAIE 9, ojiteteAa, SHUA 4
Alg 3228 KXot Al&shA ¥H2shti39,40]. 1898 0]l Francis Darwino] A}
st g4 o 7]50] Zole A2 WESIAATHAL]L FAIo] o] g4fo] dofdt
Qlo gishMe= HoIAIAl ATt SHAITE o] S Bauer ¢ItEO] §A|A4bo] ZAPH
ZAHOIA aba3-ls R HHis=ol Fi #Aste] FHA R BAI2ARS S8t
+ Ol B3t FAARE 7HRAL Ut AMES gotRith4z]. BAIAAM] o8 J=¢
715 MEls sHAlEe] Azttt oHamoto] X[k o] AEQ - A¢EO]

5 4
tH43]. FA|2ARR BT Al HAYUESS HA SHANZY AFAT o] AH2dA
ol AEY f&E= feotH, I Autg FHARe] o] TAari |Fo] b
M=tH44]. ol AEo= slow-acting sustained (S-type)¥t rapid transient
(R-type)o] QUX|QF, S-typefto] <SHA|A4bo]l TiZiSte 7|5 ZHwlE & SHH43].
S-type?Ql SLACI (Slow Anion Channel-Associated 1) @PA|AAF Q]o| = o]Atsh
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