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BiMEHE GalUR iz SHA MERFR RATX &
FWE, 2 E, B K, FEE, DEE

(FEACR MBI K24 224 B, BEFa#EE 712100)

#§ E. it RT-PCR MEBRERBEEE (Actinidia deliciosa) HSEHhsipe 7 D - - FLWH R E J5 i
(GalUR) 4>t cDNA J¥41, i/ FoReE, BHTIRZRIE, S5 hii, /- Hr mRNA &
FIEAK G BRI R T AR AL P HIR R (AsA) SHAARER, 49EY]: SR GaluR
cDNA (GenBank 3% 54 GU339035) U & 145 KIFJEU# BHE (open reading frame, ORF) 4 990 bp,
Gifith 329 NEUIERRILEE, T 4rFHEh 37 kD, HHRE M AR ABAE Y GalUR HAA B min AR . 1
A pET-32a (+) -GalUR BAAE KIHATEH BL21 (E. coli BL21) F R IEG, KA T EELIWIRAE
1E4) 58 kD Il &5 8 11 GalUR-His (His £ 21 kD). LLZE AHI&PUE, 5EAE A Western 2438 %K 1]
ZHUARE S GalUR B 1A R AERE S RN o SRRIERE nT v PR AR 1 A8 o, RAGER 445 ) GalUR 25 (11 43 F
237 kDo 7EBREREARHASRA B LT, GaluR FRiEAKT5H AsA SEFRINEE I, HATAmE
K, 5L - FIBEAALL, D - PFURBE R I A REH SRR AsA A Bl X L4 R W LU A 5
FETE GalUR S0k AsA A A B H VIR, (HETREIH AL AsA TR LR,

KEIE: BRERk: D - PRLBERERRIL NG JA%RIL: Western %48: 4% C

hESES: S6634 EkFRIRAD: A XEHS: 0513-353X (2011) 09-1641-09

The Relationship Between GalUR Expression and Ascorbate Accumulation
in Kiwifruit

LI Ming-jun, LIU Jun, LIANG Dong, GUO Chun-miao, and MA Feng-wang

(College of Horticulture, Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract: In present study, D-galacturonate reductase (GalUR) ¢cDNA were cloned from young fruit
of Actinidia deliciosa ‘Qinmei’, expressed it in E. coli, and prepared the specific antibody, then we
analyzed the relationship between its transcript level and AsA level during fruit development and among
different tissues of kiwifruit. The results showed that cDNA of GalUR from young fruit of kiwi had an 990
bp open reading frame (ORF) and encoded a protein of 329 amino acid residues with a putative molecular
mass of 37 kD. Its accession No. in GenBank is GU339035. Both of its cDNA and amino acid sequence
showed high similarity with GalUR genes reported in other plants, e.g. strawberry. After it was
heterologously expressed in E. coli, the fusion protein GalUR-His (His is about 21 kD) was about 58 kD,
and existed mainly as inclusion body. Western blotting showed that the antibody prepared in rabbit reacted

specifically with protein extracted from kiwifruit tissues, and the size of GalUR protein in kiwifruit was

YRS E#I: 2011 -05-06; f&EIHEA: 2011 -09 - 07
BHEWB: =SR2 R S ORI IH  (20090204110009); E5K [HARRIEEESIH (308717000
* JHAFE{E# Author for correspondence (E-mail: fwm64@sina.com)
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also about 37 kD. Although GalUR expression levels had a good consistency with AsA content during fruit
development and among different tissues of kiwi, the ratio of AsA produced from D-galacturonate was
much lower than that from L-galactose by feeding experiment. These results suggest that GalUR in
kiwifruit, as a monomer protein, has a good correlation with AsA content, but it is not a main controlling
point in regulating AsA accumulation in kiwifruit.

Key words: kiwifruit; D-galacturonate reductase; prokaryotic expression; Western blotting; vitamin C

PUAIMLER (L-ascorbic acid, AsA) JE AV B2 I PUEAFIAVE Z BRI N, ek
KA SIS P il s EEAEA (Davey et al., 2000). Y AsA &2 H G EY A GRS
DI FE R, HHTCAESE L - RIURER R R AsA A EZI&E (Wheeler et al., 1998;
Hancock & Viola, 2005; Linster et al., 2007), [R5 40 JfuBE 22 5 R AH O D - - FLBHS R 5 S0
B WAk L (Aguis etal., 2003; Hancock & Viola, 2005).

7E 20 2l 60 AR AN IE - D - PIPEERR A AsA & WA RRTAY), IR IENAF
EL4 D - F-FLHEATR (D-galacturonic acid, D-GalUA) i AsA i&1E (Loewus & Kelly, 1961;
Loewus, 1963). Aguis % (2003) MBFEEFLSIP S| | D - F-FLAHREIRIC )M (D-galacturonate
reductase, GalUR) JE[K, HAF&% (Aguisetal., 2003) Fl%i%j (Cruz-Rusetal., 2010) H5zplh
W FRIA S AsA B R 5 R I OCE, HAZJEE Rl rg e i) it SR IA 51 AsA St T
2~3f% (Aguisetal, 2003); 5KMESE (2008) A, FHRLF I GalUR mRNA /K5 AsA
TrE R IEAOC, FREIEIERAE R AP i R IA R N AsA . GalUR 1E M4k D-GalUA
W JFAE R L - 2P FLBE R (L-galactonic acid )R, A& D - - FUHE I BRI A0 1) B BAK R S 4507 1 (A guis
etal., 2003), {EXf TZFERIEILEAY AsA BUE TP BLAE T M TSR AT -

BRI B b, S AsA SRS T RZHUKR, 7 “445 C 217 BIER. ik
DUBRERER S (1) AsA EETE TR RAH R (I 2%, 2009). Bulley 5% (2009) CUX
BRERE AsA G BUSFEAHCIE R R IE H R I AsA FARIICRIE T REMIT, RKINAEHF
WS 3 /S GalUR [AYREFE R R IE 5 AsA FIAR BA77E I B e, (H2EA77E D - 3
PERERRIZE A GalUR SRRk AsA BB MG R MA I . ARG b DASERBIEE R S 6,
bE T 5HAE GalUR [RIVETE & i1t GalURL 2K P41, HEAT Tk RIL, #il%& T 2 wlEhifk, R T
HRIEE R AsA FLERICR, AE—2P A GalUR [FITIRE AR EERkE AsA & AL B8 e Eal

1R

11 ##

FIA B LR TRk 2855 (Actinidia deliciosa “Qinmei’ ) fiiFf.

TR GalUR FEASRIALZA ik iE M, 7E4E)E 30 d XA st By &l Idi
TR B 8 T IR R, WRBIRIG, 2T - 70 CuKES, HTHREKRIE TR AsA 25 8l

T TR AsA B ERBE ), T 2008 4ELEAET 304 75 R 125d (£2d) HURSE, JFE30d K
WG Fr o B it SR I S R [ S 6 58 AT i A4 Tl MR G

1.2 BiEHE GalUR EE B cDNA SEEEMIEEF S
45 5 RNA $2HCK ] Chang 25 (1993) f#) CTAB-LIiCl ¥, R4 cDNA. 7F GenBank
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BLAST 5%54% GalUR (AY663110) B:[A [F Y BRI EST FPal, BEATHIEE, K455 GalUR FFig
BEAE) cDNA 741, R4 4 55514 (GalURs: 5-TCCCTGAAAAATGGAAATTA-3', GalURa:
5'-AAATCACAAAATGAAACGT-3") HE4T PCR #7314, PCR F=#)i%#:5] pMDI18-T #ifk I, Hitt
E. coli DH50,, 33 HE A 13X 4 Bilg A TAED) TREHOAR R 5 A7 B w1
R HE TS AZ R P51, FIF BLAST 444 (http: / www. ncbi. nlm. nih. gov/BLAST) 43 #1#%
TR ANE LR P AR s FIA DNAStar AT 2 B LL A R adi ik 53 #r; R A ExPASy [ ProtParam
Tool Chttp: / www. expasy. ch/tools/protparam. html) 43 HTEEALYE ;i ExPASy Proteomics Server
(http: // www. expasy. ch/) RZGEH IR L PN ILIE 7 (motif) {7 £%; H Signal P3.0 Server Chttp: //
www. cbs. dtu. dk/services/Signal P) #EAT & )7 51 P45 5 K T 43 #7

13 REREHEMEERERIESN

PLHEZH Foki pMD18-GalUR A5k, LA 5'-ATGGATCCATGGAAATTAGGACCCACCA-3' ( FXI
&5 I NBFYIAL S Bam HI ) 5 5'-AAATCACAAAATGAAACGTCGACGC-3" ( FRIZ N5 A HE]
£ 55 Sal 1) h51 k47T PCR 47314, AN H ¥ v By, XUBED) G 5404 pET-32a (+) &4, # A E. coli
BL21 &2 400, 3R1GH 4150k pET-32a (+) -GalUR, £ %€ o AL T T R A5 SR 56

pET-32a(+)-GalUR B4l A TPTG, 1 &K% 43 514 0,0.01,0.05.0.1,0.3 F1 0.5 mmol - L™,
1637 CHAMFFiFESEE, EARRBTE (0. 1. 27 3. 4. 5. 6. 7HAI8h) 23 HEFE. B IR K3
IRZE 10% AT 1 x SDS _AF buffer 431 5 HE4T SDS-PAGE HLFKAL M, LUK GalUR H 412 [
(1 BE R IA A

N T3 HEARFLEE R GalUR-His 2% (A3 YE, 43 B8 14 21, 28, 37 142 °C, 0.1 mmol - L
IPTG 4F N i S35 5 h, WAL A, I AR 10%[%) Lysis buffer(50 mmol - L™ Tris-CI(pH 8.0)-
2 mmol - L EDTA - Na,» 1 mmol - L DTT. 200 mmol - L' NaCl. 10%H #iF1 0.5% Triton X-100) T
R, MAWHER (ZWRERN 1mg-mL™") J5, oK E#FE 30 min, JHE A BRI TRERE, B0
Ja o3 I ETE WOATE 4T SDS-PAGE HLIK 70 #7

14 FHEEQBASL

4 0.1 mmol - L IPTG. 28 C4ME TS 5 h 1A, H Lysis buffer gk, H B 5 REE
LyEW, 2045 um JERLIEUES, FIH AKTA 4tk 2455t HisTrap 10 mL chelating HP #:%) H 125
T B 2 125 A 2 A alift . alitk H B4 8 (R SDS-PAGE Frlllafifv i (oK, - 70 CORAFH o

15 ARSI . Western blot #&1 & R E4AEEHHIFRIE

0.1 mmol - L' IPTG, 28 ‘C NS 5h J&, Wk EAIRMIN K, FIH 1 mol - L SRR &
Ve AR AR s SRJEWT 1 mL 9 mol - L™ JRZEWW (% 0.1 mol - L' DTT) Jf#4T SDS-PAGE
HLUK: VK45 RS RIS AE VA Y 0.25 mol - L™ KCLE W W04 5 min, AL SIFL A0, HEMiD)
'~ GalUR-His & [ 45H7, WA HHERIATVE R s K . BRI 1 IR, 355 K. Bkt
RS2 IRER] (CFA) SHBURA MG EF R . ML N2 ady, 25 4 Pt
EARGEA A (IFA) S5 7RG FLA G ATV RS . 7558 5 RGNS 7 R, Xk
HEAT S Bh KL, AE 4 CHFE LR, 5000 x g B0 10 min, &I, - 70 CLRAZSH

BRAEREAS [ 20 20 5 R (1 ISR UK B T h 3825 (2005) 10770 Lkt . ] Bradford ¥EHEAT K
JiiE & (Bradford, 1975).

Western blot 4 " K13 V. TBS A1 TTBS Peifiid% Chig 7 T AEY) 7 Scg 5w ) CGRIURO
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(HHE %, 2005) Fodil. KraifthEAE A GalUR-His. BREEbARIZ1ZE (1147 SDS-PAGE
HLUK G RN, 702 5% i a9k i T 0, A 122 000 #ike i) GalUR-His 41 i 1 S fu bt
MR B, LA 1:2 000 Ml sk e R m b c 1 P btia o —Ht, H NBT/BCIP %W (417 & i
1, HEAT Western blot 73 #7T .

1.6 GalUR MIEERIED
PR RNA J, FIH] Primescript™ RT reagent Kit (TaKaRa) [#3%, SZI2¢)65E & PCR 204t
GalUR A [ ZH 20 b 1 26 1% 7K P - PCR A A BIORAD 723 1) 1Q5 %Y, 2 Wi 714 SYBR Premix Ex Taq™
(TaKaRa). fHFRLL Actin Jy AL, AFEIFE S B 0EE 4 A SN — b B 5, @it 220"
TSR 3L RUAR X R IA . GalUR 5148 5'-GATGCCGGACCTGGAAACT-3" (IE ) Fl
5'-ACTTGATGATGCCGAGATGG-3' (Jz X)), Actin 5|41} 5'-GCTTACAGAGGCACCACTCAACC-3'
(IEX) 1 5'-CCGGAATCCAGCACAATACCAG-3"' ().

1.7 AsA 1 DHA £ 28N E
%% Kampfenkel 25 (1995) [#] Fe* it ik

1.8 AsA & B ETAREE

2:7% Hancock 55 (2003) M5k BAEBEARA (1 em x 1 ecmx 0.5 cm) 8 (1 em x 1 cm)
&K e T# 5, NS A 400 mmol - L' H # %, 5 mmol - L™ MgCl,, 2 mmol - L™ KCI,
1 mmol - L' CaCl, F! 1 mmol - L CaSO4 pH 5.5 [1J 20 mmol - L' MES ZZphilif (Fffhse &R #A
I, 761001 - min™'y 27 CHFRRTHIETE 1 h 5, AL - EJUHE - 1,4 - WEE (L-galactono-1,
4-lactone, L-GL, AsA HEERIAY)). L - F-FLBE (L-galactose, L-Gal, L-J-FLHH&EATAY), B
£ L-GL) . D-GalUA fil D - #ij##i5/? (D-glucuronic acid, D-GluA, D-GalUA Rj&#)), ik
45 mmol - L7, DU FIWE (RRERE 5t . 5595 24 h 5, Bohiliehvl, WEERZ IR RN, fF
T =70 CUKFTHIT AsA &&= E .

2 HEREHT

21 B®EBERFER PCR &R FIISH#

DL A GalUR WA, XHBRERE EST FEEST BLAST, Xt @ S AL EST FR A3k T B fE, 3K
AT BT IEHER) ¢cDNA P41, LURPAIBt 514, CLIEARBREREZI A cDNA hfit, £
RT-PCR " #£3 8]—AN2 1 000 bp I B, gt iz b Bt pMD18-T #faAfi%, Mpk, H5
HL ¥ Se B P AR i1 IE 99.2% CAN[R] mi vl g 536 AT 00D . 1% FE & ) cDNA 2K 1028 bp,
990 bp MISEEETFHUYEAE, g 329 NEIEMR. 7€ GenBank ' BLAST IS5 i iE 1) %

(AY663110.1). #i%§ (DQ843600.1) Z54H4) GalUR 4K cDNA AU ME/3 5l K 71%H1 75%, 585
BEdk GalUR2 (RIS TEA 79%. Uil w211 cDNA & H LK, & GenBank &5 0
GU339035.1, ZIEMREG 55 4 ADB85571.1, vk AdGalURL.,

LI I, AdGalURL Wtz SEMR IS5 S 6.02, 28N 37 kD. &2 H LT,

AdGalUR1 4ihSZ JLmR 5 Hog i) FRGE Y GalUR FEAE R BERAALYE (B 1), HEAEmR 5 s
(AY663110.1). #% (ABI26713.1). E Kk (XP_002520209) ] GalUR [AIJETES> 5K 62.9%. 66.6%
M 51.7%, SHMFEHE GalUR2 (ADB85574.1) [ 43 S LR M [FIVRYE A 68.1%. X IEIRIT 41 41



9 #A A4 BREBE GalUR Kis 5PN LR B & 1645

T 4 ASPERE R DR K5 motif, FLrhER 1 FIEE 3 S motif hyH R IRIE I B K AR IR motif,s

FEANF] Rl ) A7 A8 B PR sy (T D

ADB85571 MEIRTHQQDCQKKMerWREVTLGJC

ADB85574 2 ss----=s=ss---=-22--

ABI26T13 ceemmemmmeoa

AATTEI06 = =msmpers ~rapeie = =i

KP 002520200 = swews oenas y

ADB85571 AY|RSEQPLGEAIR

ADB85574 Vv sek]p[vleEAT A

ABI26713 » L 6[pla 1[v]

AAT76306 AYGSERDJLGEATRAEALRL[D

XP_002520209 LlyfrrlelePrelolhraeat(sfe 1

ADB85571 UﬁQVIM‘IP W] 206
ADB85574 o vE[]w e[e]w| 187
ABI26713 VHEQVEMNELK 193
AATT6306 v i Q[L]e ¥ n 2[a]w| 196
XP_002520209 HQVE[T|weLa 198
ADB85571 73] 276
ADB85574 rﬁqumwnucnsvexs 257
ABI26713 raovsRwvyEQe[v]sTv[axs| 263
AATT6306 266
XP_ 002520209 268
ADB85571 FHKQR}'REI\LJIFJHULIEEESNKII 329
ADBE55T4 F!\'KERHRQ!. DIFDRSLTEEE|INIKIN 310
ABI26713 rutnu@qr\ Ejt FORSLTEEE LER| 316
AAT76306 33
XP_002520209 374

1 FEEY GaluR EERBEEBRNE BILR S
SELR X N T 4 A SERBRIEBE AdGalUR 1 Bl R 14 J5 ¥ motif. ADB85571 4 AdGalUR1, ADB85574 kMg idk GalUR2 ff)
W s BT A ABI26713 %% GalUR: AAT76306 kR4t GalUR:
XP_002520209 4y HEWT ¥ EFR GalUR.
Fig. 1 The multiple comparison of amino acid sequences of GalUR from various plant species
The regions marked with black lines are 4 predicted motifs of Aldo/keto reductase. ADB85571: AdGalUR1; ADB85574: A. deliciosa GalUR2 partly;
ABI26713: Vitis vinifera GalUR; AAT76306: Fragaria x ananassa GalUR;
XP_002520209: Putative Ricinus communis GalUR.

2.2 AdGalURL R FRiEEEEHRIE

ij_‘_. 97.2
$4 LB Ak pET/AJGAIURL B4 A E. oo

coli BL21, 7EAFIKEEM IPTG i g1 TR

HEERL, TAFEBEFE. SDS-PAGE Hiik4h 443

KK, K IPTGHETE, P19 T4 58 kDI

HmAEA (K 2), HizEdEA4E 28 C. 0.01 290

mmol - L' IPTG iS55 4 h Fik .
A PE TR B, RS R A R VAR
A, R bRt Er, BiREmN

2 pET/AdGalUR FRikF=41ro L5 4Lt
1. 2 55 %4k pET/ AdGalUR K% S A S0 M E A, 3: 4ifk
FOH B E s M: 8 A5 T hRdEs

A AL JE B 2 5 . SDS-PAGE  Hi Uk K I &
AKTA 2L RGcalifb 1l A 8 1 His-AdGalUR1,
HAKNLh 58 kD (] 2).

Fig. 2 Detection of purified products of the expressed
products pET/AdGalUR
1, 2: Total proteins of E. coli BL21 transformed by pET/AdGalUR
uninduced or induced, respectively; 3: Purified target fusion protein;
M: Protein molecular weight standard.
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2.3 ZRERE Western R EFE R ETRFEATAMRIE

KAV, R ALRA His-AdGalURT 5% 5 5 %, $iles 2 mbEdifh. A& 2 s dt
M35 AP, SRR RREEAR L EP TR biiioh —ht, XHEAl His-AdGalURL i 2 13T Western
HAL, AREKYIEL) 58 kD AR IS, U MHUILIE S AdGalURT 0 KW R4

Wil 3 fros, XEREREA R ZH 23 AdGalUR £ 111 Western 2348 &30, 767N 1) AdGalUR %
FIBU THRANT 1 440, R/NAY 37 kD, R WIHI45 1) 22 7 B HUAR AE 8 TR BRI BE A4 Y 1 Bt
J5. HHE Western 242380 HT s, FERGEH ., AdGalUR1 2 IR0 IA B i, HUCRMRRIS)
s FERR R ERAG, AR S5 ERI AdGalUR] B ARG EA G HEZER, AR,

3 BRBHITREALR AdGalURL EERIAHIR A EH Y Western blot £33
Lot 20 g 30 g8 40 R, 5. BIEEE: 6. N
Fig. 3 Western blot analysis among different tissues in kiwifruit
1. Mature leaf; 2. Young leaf: 3. Young fruit; 4. Mature fruit;
5. Phloem:; 6. Leaf petiole.

24 EFBRMIREEABSIREEAFFEHEL P AdGalURL mRNA N RIEZERE AsA 2T

HE 4, A EE, EREPRSEAERK A GRS, AdGalURL mRNA AHX RKIEKFElL)G
TR R RN, 7E4)5 30 d BB g, 2GR B I NI, 16)5 45 d RS S5 T 0 d;
2 )G N RIE R B>, FEAE)T 75 d BRI A LA TE B B AR Ak

BREREAS R ZH 2R AdGalURL IR (R AR Rk AR b G AL B 1, 7 I v (1) S oK
B, RIS EEARTA A 15.5 5, HEHWZERARE, ik i s B AR US|
SR R IR 4RI (B4, BD.

50 1 A 1.2 1 B
5 45 | =
5 40t 810 [ %
o o
=] r =]
WE g 08
) g 3.0 t ) g
®Eg 257 ® 5 06 r
® oo 20 [
or .= or .= 04 L
- s 7
(o) (o)
g Lo 3 02 |
= 05 1 =
o . . o LB Il m L] -,
0 15 30 45 60 75 90105120135150 ML YL YF MF Ph LP FP
)G FRE/d Days after anthesis A4 Different tissues

B4 BBRSRLEKREIED (A) REFFAARAD (B) AdGalURL EH mRNA 3 REEMN T
ML: At YL: %0 YF: 94 MF: @i Ph: BIRGHS: LP: MhHA; FP: M.
Fig. 4 Changes of the mRNA relative expression level of AdGalUR1 during development of
kiwi fruits (A) as well as among different tissues (B)
ML: Mature leaf; YL: Youngleaf; YF: Young fruit; MF: Mature fruit;
Ph: Phloem; LP: Leaf petiole; FP: Fruit petiole.
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IS TTEH, ERRRBORRZ L, 0 Cir m
MIFHIE ASA I ASA SRR TG | Toal AsA
G, TR AsA AERRAVEN 1S 5 R &
2 ASA I AsA S R T4t 227
HT AsA WULIEEREH AsA/DHA SO 8
(DHA & ht = 1 AsA 2l - AsA S hD L & 4 |
0P B R TS, SO A A ] oL

ML YL YF MF Ph LP FP

BEMN % o
REA G o S BRHRRERS An & BHEHL
WIS AsA. AsA Al DHA & & & T ML: M0 YL: 400F: YF: 404 MF: s Phe 9006

WS WIREEE, P IR A, H=5 110 AsA %] LP: WH; FP: R
W Fig. 5 Changes of AsA level among different tissues of kiwi
R 2 B
1£$IE7£#Z<j( (ﬁﬁ%)a ML: Mature leaf; YL: Young leaf; YF: Young fruit; MF: Mature

fruit; Ph: Phloem; LP: Leafpetiole; FP: Fruit petiole.

25 D - #FMEREE (D-GalUA) BIRIARMEREIERE AsA 22/

T MR Z D - R IRERES K AsA WAL, 2 5iZ@&MEY D-GluA Al
D-GalUA. % L - FFLBH&A T A4 L-Gal FIRLY) AsA & A5G — B AR L-GL 439 T
RANL ST o R T alEH, S50 AL, L-GL F1 L-Gal RE5 BN A R AsA & &
MR LT EARRIE BRI, 7255 30 d 405 A AsA BEINIREEERE A, 23594 68.9%1 61.9%. %
LRI G, AN 20%. 1H D-GluA {ARETG B IS, D-GalUA {44 5 30 d
AR B AsA FEIEINT 10%45 47 X kUL, L-Gal I L-GL FFEH 5[5 AsA 5 & 1) 11 351
T, Sk R LL s g BESA4E 1 50U L, 1 D-GluA Al D-GalUA %} AsA & & (52 MR RN . X
BEgE R L - IR 2Bk R 5 AsA & B F 2428, 2 D-GluA & AsA HIREJIIRES .

R1 TRAMGDEARERGRIERETRZENENRARABM FHES AsA SRR

Table 1 Effects of possible precursors for AsA biosynthesis on total AsA content in mature leaves and flesh of fruits

at different developmental stages / Cumol - g FW)
T 44 Precursor 30d 75d 125d &I Mature leaf
Xt Control 7.98 £0.16d 4.52+£0.36b 4.19+0.28b 433+0.18¢
L-GL 13.48 £0.23a 6.17+£0.48a 493+0.22a 8.72 +0.49a
L-Gal 12.92 £0.32a 5.86 £ 0.47a 4.96 +0.24a 8.63 +0.67a
D-GalUA 8.95+0.51bc 4.82+0.38b 4.26 +0.30b 4.95+0.36b
D-GluA 8.25+0.27¢ 4.70 £ 0.22b 4.24+0.18b 4.63 + 0.44bc

T n=4, FSEHREARR TR B2 K P <0.05.

Note: The data are means of 4 replicates + SD. Different letters within the same column indicate significant difference at P < 0.05 by Duncan’s test.

3 e

GalUR J&fiE 4k D - PIURERE R I 2R i L - R FLBERR I (L - FFLBERR PR 2 L-GL & AsA).
ZHERIT 2003 5 IR AR TG LLEE, RPERTRIZIT S B AsA I ZKHE . A6 MR
B s2 e i) AdGalURL 2 cDNA FE41 5 990 bp 1524 ORF, 54§ (AY663110.1) (Aguis et
al., 2003), %% (DQ843600.1) (Cruz-Rus etal., 2010) iE ¥ GalUR JE[K cDNA AHIYEIZE 70%
DL b, 5w A S LR AT B FE 60% LA L. AdGalUR1 %ifi 329 AN KMk HE, 5 H e hfA
PEIEDN RN — 3 iIZIS 2 IR A GalUR [3EAKEYE (Aguisetal., 2003), BIEL{ T 4 MHE
it R A4 J i DR K 1Y) motif [ NADP S5 G4 s, AFEEAR S IR IR, 4 st & .



1648 W 2 % 38 4

AdGalURL 7E KAt i i ik, BB TRk 5 TR AL R B (. Ik g LR W BT v
ff) cDNA Rl G BREAE ) AdGalURL HE[K 4K cDNA J&41). S nl vk 2 iR (1 EAT Western 2438 &
W, LEBFBERE P GalUR £ 11K/ 0 37 KD, 5 SR R IA I ¥ K /MH— 2. X U] AdGalUR
it B I AE Rk LRI T AP AE . RN, @il 1 B, SRR R GalUR 3 K A7 AE R 1)
A, X ATREE BT R K. FLARIE R AL AEAE 3 RV ¥ B I ik SR L AL, (H AT AY 663110
HA GalUR i5E, 25 T 5% AsA A AL (Aguis et al., 2003). FERMEAEIER AL BAFAE 3 P
GalUR = Al A, AR 56 b v B ) AdGalURY 5 5088 A 44 PHIE SE Y GalUR IR e (B 1)

WA RN AsA LR E 5K (Wheeler et al., 1998; Hancock & Viola, 2005;
Anetal., 2007), BMEBERSEH AsA 5t E MW T 2EW 5 e (Bulley etal., 2009; K] 4,
20090, BREZR) L - IR, WKL D - P ILBERE R IR ] e W AE (Aguis etal., 2003)
FI%i% (Cruz-Rus etal., 2010) ZEAHY)RSE AsA &0 R 8LEAE . ZERREREH F . st i S 4141
BIGER I 2] GalUR mRNA K FMFRiL, H D-GalUA TRk 4 AR B 5 g AsA & &
T SEBIN, IXRAERREBEAR N T REAFAEL D - L FURE B RRIR 2 A 1 AsA IIRE 1. AR 7F
1 AsA i RBRER 4 SR TP A 5 = 1) D-GalUA #2406 2E il AsA RC% A GalUR RIA, BRI FE sk
RESFELILARAZH, AdGalURL [RIATE S AsA MR SN —8E . XL NG
AdGalURL FIHEXTBAERE AsA &Sl S E/EH . (HATA i KL, Ax 8@ se——~L - 5
B AR P A G BT 3 L-Gal, 1 D-GalUA 48 AsA FIBCRIRAR . 33X BBk B S A A - 253
o L - PR A R AsA, 1AV GalUR 2511 D - IR IRIE S . 0 RS0 A B,
D - FF PR RS WA E R A (Lietal., 2010) FAURSZ (Lietal.,, 2008) AsA &) 12k
feo SR, {E%#% (Cruz-Rusetal., 2010) MI%H%E (Aguisetal., 2003) F14X GalUR ik by 5Lk
I AsA PUEFL R —3 XFA BT Be 5 A F R AsA B BB A A A7 5.

D - 2 FUBHEE IR 15 2 41 e Euglena gracilis H AsA ) 32 B4 ili& 4% (Ishikawa et al., 2008).
R P R 2 AsA J& 1 D - IR BB 1 L - IR A A K (Wheeler et al., 1998;
Hancock & Viola, 2005), i D - IR RIEIRAE N —FihRud e, IL AsA &5 UK IBE I R 2 40
LB 22 W B AT A TSR IR (Di Matteo et al., 20100 SRk, ZEAEYIA0 I & AT B AL K
AsA IESEBOE T AsA HE S HGR R/ BT T AsA I RIFEE A RES . BAR D - LI MR
AR AN M R i e A ARG R A, (EIX AR BRI A Y B m R AR R T S A ek A, X
1E AsA W) b X Bl B RS BR AL RCR P T it%E (Hancock & Viola, 2005). b4k, KILD - 23
PERETR . D - % BERE IR . D - HERHERI L - - FL0E#0 2 40 Mo B Z 08 (1) & BT &, Davey %5 (1999)
WAy 4 L RE 22 5 1) R A AsA ARG G TR AT REAFAE — € [ 45 G 25, GalUR 21k R o 48 v] Bl i it
WP AsA AR S . FIAAL. o FRER TRESEH AR —DBAR AsA Y5k
WAz i) e L5 T AR 2 ) (1 AH DG R 2 4 B2
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