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Identification of Glucose-responsive Elements in the Promoter
of UDP-L-rhamnose Biosynthesis Gene RHM1 in Arabidopsis
thaliana
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Abstract: In plants, UDP-L-rhamnose is one of the major components of cell wall skeleton. Rhamnose synthase plays a key role in
rhamnose synthesis which converts UDP-D-glucose into UDP-L-rhamnose in plants. In this study, we isolated the 1058 bp promoter
region of the rhamnose synthase gene AtRHM1 from Arabidopsis genome by PCR, and created a series of deletions of AtRHM1
promoter ranging from —931 bp to +127 bp. The full length of the promoter and its deletion derivatives fused with GUS reporter gene
were introduced into wild-type Arabidopsis by Agrobacterium-mediated transformation respectively. The GUS staining and GUS
enzymatic activity assay showed that the expression of AtfRHM] is induced at transcriptional level by glucose and the regulatory

elements involved in the glucose response are located in the region of =931 bp ~ —752 bp which contains three G-box motifs.
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L~ G2 2 A 0 A M SR e 22 SR ) o 2
oy —, WAETETF AR AU A=, {0 s
EOEH | 25 =5 R A B R I,
i B2 B4 AU (Rhamnose synthase, RHM)fE{L IS
Y) UDP-o-D-%5 %58 A= i, UDP-L- 205 . HImIT
RHM Jif 2 1 K 64 £ RHM1, RHM2 #l RHM3 =4~
BRSO ARSNGB, RS ST RAMI i A
et K UDP-D-4# % B %% 1k & UDP-L- R 257,
AtRHM?2 FER 9 58728 S SO0 RS T R B2 RS 0 SR 2= bl
A FUB R IR 5 B0, HE—HHESC T RHM
FEA BUEREA BUEE  Sh ™ BIRE I b 5 20 i e
TR LM LRXT FEN A R AU R T B AR A H
AL, T RHMI JER P RAS AT DU Il 8284
E Y F WS SR A B rhm ] 5875 KR 200 B 114 B
o i S AR RUAR LA B X B, R RHMI,
RHM2 Fl RHM3 X =ANSER e c &7 B, A
MY REMI SER 5 81 A TR X B B S BE 2 b oA
ERIE 318

7 A A N BE BT DAAE N BE R TR S 5 40 il
R iR R, AT LIVE K5 540 F IR 5 B 2L 5L R ) %
R i, WIR T ML A«CIPK14 T
AtSR2 ¥ Z e S 101 DA IR R, B R
FER 7 3 F A — SR ST B I =R e i 1)
TE L85 patatin-1 FE R 5 80 F 0 A AE RERE 22T
¥ IC/F SURE-1 (AA/TAA): JEMIRIIF BiP i H i
ZhF 17 1E P-UPRE L4 (ATTGGTCCACGTCATC),
BEULIRAENL 1A S H P-UPRE BKZh1 GUS L%
RS B i 3 IR R A AR SR R AR A 2R
SP8 Fll TGGACGG Jiff "2 KAZHHAE TR isol
BE TR & AT BIE A TR G-box
(CACGTG) s AT LAAE A bt 45 s A4 A E T — 2L
TR s P, a0 oK GE N 4> LN SBET
TR S, KEED S BT SRR VR ARG Y
TR G-boxPY; KFFaTEM IR a-Amy3
ZHERYE, HEFIE S TR G-box S 5HHEINE IR
| TARS

ARSI AR AR T RHM1 FE R B S RE UE1 7 1F
SRR, ZERE S FIXNAE 7 AR
G-box JGf o Mk, ABFR X IR T REMI FEA
(14 it 2~ Xof 4 4 0 1) D0 280 R A R A T T RO, 4R
Jei R I 80 Bl 2 2 A B AR X e 8l DX P £ 4 4
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Wi B O AT T e, BRIEA =4 G-box
B-931 bp~-752 bp X ZEi%JH sh 1S5 #% bk hL
28 ISV 1 o DX

1 Mg &

11w
111 YL

I IF (Arabidopsis thaliana ecotype Columbia)
H AR BB AR B AR G A A T AR S
Pt
1.1.2 ARG

KGFFH (E. coli) FHE TOP10. DHSo. RAT A
T Pk LBA4404 55 H v [ AR B A= W B AR W 5 A )
R TR SR = 4RI
1.1.3  #H

Gateway A& pKGWFS7 Hi H I M 4R 2241
Y RSk W 23R, pDONOR221 Gateway #4141y
H Invitrogen 2\ Al .
1.1.4 T ABFEAIEF 77

- PB4 N DI H New England Biolabs 2
), Taqg PCR KA B 2 X & EWHARAH, mik
ERAMA DNase [ 1 H TaKaRa A #] . X-gluc,
4-MU, 4-MUG W H Promega /A l; HAthfb~=24 5
B9y B 7 A i)
115 JWFRFIYE

At BB E A E] L I A Y H R A R
ISR AR T AE R R AT BR A R S8
1.2 REHZE
121 HYYZELEIEIIE

AR R FH Gateway®$ AR (Invitrogen) . 5 M
PR IT S 24 DNA TR 38 H Y 1058 bp B Bt (RHM 1
JE R SR AL S 3 931 bp, FilF 127 bp)fEh
AtRHM1 F:[F(At1g78570))3 8 T4 K P51, MR
G-box fEIZJA B F LA, RIS B4R 51k 5|
P14 AN R BE B 2R 9 )3 3 1 B, 43 ) s 3
ATT# & pDONR221 |-, R4S F 450k I+ 6177 51
WAE . %8 IEF B4 BTk 5 pKGWFST Rk
B, BT H B GUS 5L k154 5tk
SRR, ARAT AR Y RS R 43 54 44 24 Prhm,
Pd1, Pd2 1 Pd3 (& 1), J& 8 FHESFPE 55 (FW) 5|9
A (115 12bpAttB A FA) AT .
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Prhm: 5-AAAAAGCAGGCTTTTCTTTTCTCAC
CGGCGATTCTCTCTCTC-3'

Pdl: 5'-AAAAAGCAGGCTTCCAAGGCGTCTTT
AGATGTT-3'

Pd2: 5'-AAAAAGCAGGCTCGTTACTTCAACT
TCATA-3'

Pd3: 5'-AAAAAGCAGGCTTACCTACCCGCTA
TTGTAAA-3'

3RV ) (17 12bpAttB T4 F ) H:
5'-AGAAAGCTGGGTGGAGAAGACAATTGG
AAAATTC-3'

55 % PCR [ it 51413478 AttB1 adapter
H1 AttB2 adapter. 2f—%8 PCR JZ i 251 94°C HiAs
£ 3 min, 94°C 251 30 s, 55°C iR %k 30 s, 72°C ZEfH,
1 min/kb H#F BE, 10 MER, ) 72°C LEfH 10 min,
55 5 PCR W 2542 94°C TiZ5PE 3 min, 94°C, 30 s;
45°C, 30 s; 72°C, 1 min/kb H W B, 5 MG, 94°C,
30's; 55°C, 30 s; 72°C, 1 min/kb H i) A B, 30 MEER;
72°C, 10 min,
1.2.2  fitfa % PCR #2700

PRI SE A AR FE [ 4] DNA BE4T PCR A&, 5|
YIF 51 FW: 5334 R 6K IS 3 F 5'0m 55— 48 51
YIAI R, RV: 5-TGAACTTCAGGGTCAGCTTG-3',
Hrp RV & pKGWFS7 #dK 514, PCR Z&44: 94°C
AR M 5 min, 94°C 28 30 s, 56°C 1B k 30's, 72°C it
i1 70's, 32 MEER, 72°C FEM 10 min, H KA
1.2.3  RNA H9#2H K F & 47 RT-PCR

FAKTF 12MS Bi3e 3t LR )5 7 d B AR A
WIFGTF4IT (22°C, 16 h W) BB ER A 6% H &
P 6% 11 2 ARV WL (m/ V) B BB AR 43 N FE AL EE O h
12 h AR RNA, 25 358 cDNA (B AE %
U-GENE A ¥4 v RNA 42 U5 £, TOYOBO %%
SRR U ] B AT I AT E & RT-PCR, 51¥)
FANANR

AtRHM:

FW: 5-GAGACTATCCGTGCCAATGTA-3'

RV: 5“-TAATAACTCGTCCAACACAGTC-3’

AtACTIN?:

FW: 5'-ATGTCTCTTACAATTTCCCG-3'

RV: 5-CCA ACAGAGAGAAGATGACT-3'

P 4E i PCR 2 JF K0 94°C A8 5 min, 94°C 4%
PE 30 s, 53°C Bk 30 s, 72°C Ei 30 s, 32 MER,
72°C ZEAf1 10 min,
1.2.4  GUS R RIEIERINE 77705

B IT GUS LA LR A GUS Yt i rh

(100.0 mmol/L PR 2% M1, 0.5 mmol/L = Bk FAL BT |
0.5 mmol/L WAKF LA . 1.0 mmol/L X-Gluc)37°C T
P, 5% MR 6 S, TERM S (Nikon
DigitalL Camera DXM1200F) F X%, GUS &t
SER TS I Jefferson%5 A 5k, GUS i M 84
4 nmol MU/min/mg £ 1 .

2 HERHM

2.1 RHM1 BaFFHIEHEETN 5 47

48 1B 9% RHMI ()3 ] 40 DNA J¥ 4
(At1g78570)¥E M I )7 3l 7 )¢ 4, it 5l iy
PCR ¥4, B4 1 5|1 1058 bp DNA F Br (% i ih
75 F 37 931 bp & FiiF 127 bpE NS KIS T, 1
Pt ¥ 5\ RRAEHENN 2 )3 2h 7% TATA box Fil CAAT box
A SIS T B SRR AR A0 05 3 74 bp A1 123 bp 4k
FIFH PlantCARE U4 7 E 47 )% 51 43 270, il e
RHM 1 B 5 81 X N AFAE 71 G-box .1 1> GC-box .
34~ ABRE D) JZ—/> WUN Z8i X8 #0141 1),

+1
191t Y Nt 71! [GGus< Prim
931 CAAT TATA 127
+1
Lttt Pt [elGusg pal
! Ghox T2 127
- +1
! ABRE N O T T g )
Al GC-box -308 . 127
[l] WUN . 7171 [GF GUS < Pd3
ACTT ~140 127

1 RHM1 Ba1FIR o RERTIREBH
FE5EGUS EFAMETEE
Fig.1 AtRHM1 promoter analysis and structure of GUS
fusion constructs
Prhm represents RHM1 full length promoter fused withGUS gene. Pdl,
Pd2, Pd3 represent deletion fragments of RHMI promoter fused with
GUS gene, respectively. Putative cis-elements found in the promoter are
shown in the scheme by symbols. The putative TATA box and CAAT
box are located at —74 bp and —123 bp, respectively. Deletion sites in the
promoter are numbered, and the transcription start site is numbered +1

22 ARRHM1 RREBEFESDEPHRIEER
WAL S 875 GUS R L RS, #
AR ) 2 3R BT SR AR R A 3 9k e A L e T
TE5 50 mg/L RAREE R A 1/2MS B35 55 b R 70 vk,
PAF R Z YU LM RE: Prhm 25 £k, Pdl 26
Pk, Pd2 31 &, Pd3 46 &, J3 i DA% i DR R ke v 42 B
JE[H 4] DNA i#£47 PCR K (PA3 HOH H 1) 20 AR %6 58),
A4S PCR FHYEAE R Prhm20 ¥k, Pd1 15 £k, Pd2
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25 bk, Pd3 18 Bk, HBRWCHRFN T, 43 3I7E F3 AU %
(EEY VRIS

1€ Prhm, Pdl, Pd2. Pd3 4 &5 3L R A1
ML B AR AT T 12MS 85383 Bk,
SPAFET R R 2 d il 7 d BRA I EAT GUS L Ege .
Prhm 8% 2 d G40, GUS BEINTE &N 2L
PR o B e ik, Hop, Foh A MR GUS Yt by
wAENEL 2A), M#H LG 7 d WEHH&IHH
HROLIAAT UL A GUS e i s, H2 Sk 2d
&) T AH B, Y 6 R0 5 B B SRR AR 2E). 5
Prhm % 5L N4 fAH EE, 8 P T GUS ZE 7R 4
PRI A Rk, (FUR, HERk ) R 2
o ldn, 7 d ZhEe b GUS YRk, B S
T Prhm 1 GUS Je A2 (K] 2F), 104k, 2 d #iE Y
FH Y o B B 55 F Prhm (1) 2 d 417 (E 2B). 5
Pd1 AL, 4K | Pd2 Hh GUS JE[H A 20k 2508055,
&G 2 d BYLHT R RS oA s
ik, ERPEERAUWLEES] GUS e (F
2C). fE 7 d 4, 7EF RS — X Fa b g
VFZRIK, £ T IR AR b B 55 25 (& 2G). Pd3
) GUS SR ILTARAFRIE . 76 7 d M%ntdh, +
TR AT RS AT 8 1 GUS ik, 2K 414
Fkim (& 2H). B, 1€ Pd3 W& 5 MK
HREA R UL GUS Y i g (K] 2D).

2 HERDIBEITHEN GUS £
Fig. 2 GUS-staining of Prhm, Pd1, Pd2, Pd3 transgenic
Arabidopsis seedlings
A: 2-d Prhm seedling, B: 2-d Pd1 seedling, C: 2-d Pd2 seedling, D: 2-d
Pd3 seedling, E: 7-d Prhm seedling, F: 7-d Pdl seedling, G: 7-d Pd2
seedling, H: 7-d Pd3 seedling. The scale bars: A~D, 0.5mm; E~H, 1.5 mm

23 BEHENZBIETHEREMNENBE
I RAMI IR FHEE 7 4
G-box, 1M G-box &S 5 Tk 42 m i =CAE oo
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1, P AFRATT i ekl A A p s RHM 1 LR B
FVHEVER o B AE 12MS 32 5E EA K 7 d 19 Prhm
HOLRBIE T R ERA 6% H R R 6%
PR (m/ VYRR FR LRI AC 1, ALBE 12 h J5 43 )k
17 GUS Z& At Prhm B GUS K& DM 76 4 % W Ab P T Ay
FB TERZ A BRI IEH S50 T BT, mAE
TR BT e AR A IR (B 3A). R T &
RHM1 J3 31 ¥ H )0 2% ) 5 8 S g 1) B /N 4 DX B,
XF Pdl, Pd2. Pd3 %3P R I 40 201 7 4 4 A
T EEFE 75 T A0 F (L 3 75 R F Prim B 3L A7),
GUS e zb i %8 Pdl, Pd2., Pd3 IKzh#) GUS %
DAL By 3 1K HB AN 52 ) 26 0l R0 H B8 R S (43 1) o
3B,C,D).

/
: \
Man @

O

3 7d%#ER Prhm, Pdl, Pd2, Pd3 Il ST 41 & EAE
4h3ETH) GUS &
Fig.3 GUS staining of 7-d-old transgenic seedlings of Prhm, Pd1,
Pd2, Pd3 under indicated treatments: Seedlings were grown on 1/2
MS alone (Ctrl); Seedlings transferred from 1/2 MS to filters which
were immersed with 6% mannitol(Man) or 6% glucose(Glc) for 12h
A: Prhm transgenic seedlings; B: Pdl transgenic seedlings; C: Pd2
transgenic seedlings; D: Pd3 transgenic seedlings. The scale bars: 1.5 mm

J T BAESIE ST N U8 RHMI JE R AERE 5K F |
AR S, RATHEAT T E & RT-PCR
Rl R K AE 12MS ¥ 3538 | 7 d 98 A A4 g
IFN oy M BIRA 6% H B 6% % H (m/V)
FOMAARE FR RLUE 48 FALTE 0 h A1 12 h 5 s RHE
I RNA, FHuEfr2 e & RT-PCR, 455% & B7E# %)
WH(Gle)iFEF 12 h 5, RHMI FEFE: 5K 0 h i}
(Ctel)B) b, BAE T 88l (Man)i5 T 12 h T HE
SRR (B 4a), S5 5E 3A Hi) GUS 4
O gE A —5, W] RHMI HH 2 #5005 S,
TERCEEA b, FRATRAS R RS 362k i B KA T
PEIEAT T b, SRR, 2KE s Fang it
Prhm HA iz 5 035 A Bis S 88 16 % . Prhm 4%
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S DR R A 6 S 5 1 GUS ek TG Pk Hh AR 485k
AEFRRRE AR GUS RIBTE PRGN T 29 60%, T Pdl .
Pd2 \Pd3 % & KAF PR TE S 2 W75 S 5 T i 5 A8 1k .
L Prhm #4575 S 281G HEVE M XTIR, Pd1 95 Bh
TR BRI GUS Hi 45 3k B 3 M 0 25 BRI CT R
T Y 76%), i Pdl, Pd2 il Pd3 7 2 bAb BLS 1)
GUS Kik/KF-Z WA 2% X (& 4b), RITE
RHM 1 J&3 8T 2K )75, -931bp ~ =752 bp iX —
B 4 2 oy 5 8 A AR S o7 ) B DX

(a) Ctrl Man Glc
RHMI

ACTIN2

=

* %
o Ctrl

0.30 o Gle
0.25F
020

0.15F
0.10

2l I

Prhm Pdl Pd2 Pd3

GUS activity (nmol/min/mg)

4 FERES RHM1 BEEBYRE
Fig. 4 Glucose induces RHM1 gene expression

(a) Semiquantitative RT-PCR analysis of RHMI1 expression in
7-d-old wild-type seedlings grown on 1/2MS alone(Ctrl),
supplemented with 6% Glucose(Glc)or 6% mannitol(Man) for 12h.
The loading control is ACTIN2; (b) Seedlings were grown on 1/2
MS alone (white bar) or supplemented with 6% Glc for 12h(gray
bar) .GUS activity is given as nmol MU/ min/ mg protein. 100mg
seedlings were used per measurement. In each case, GUS activity
values obtained from experiments performed with 4 independent
transformants. Error bars represent SE. Statistically significant
changes (P<0.05, using Student’s t-test) are identified by asterisks

3 Wi

AtRHM1 SRS &F 668 A2 MR 1 4 b
A B LA B UDP-- SRS, 0 240 i BE T Il 4R 116
AT R RO RHM 76 118 T 208 S5 i
FRG, EE W AR 3 AR RHMI,
RHM2, RHM3 #5547 2B A B A rhm2 58
A A B R VR Y B AR B AR AR R R, T
S At 41 2O A 1 20 R BE By WA AR Ak, R
RHM KR 3 A3k DU ERE IR 9 25 A 4L 2L 6

KiEFiL; FEH RT-PCR 45 R WIESL RHMI,
RHM?2, RHM3 X = ANSERAEMR . 25 0. fE)F . #
JERL R Fak 0, ARSI, GUS Yl iR
W] RHMI FERTELH S AN HEERAA A RIL, 5
FRE A EREE RS

AHFIE L, R ARHM 3R 52 3 40 15 %,
HiZHWNE 31T 91-931 bp~—752 bp X 324 4k
PN AN EE X, & ARHMI FEHJG 30T
-931 bp~—752 bp K AETE =4 G-box, 43N T
—863 bp. —855 bp. —833 bp 4b. G-box ¥ &
PR5FHY DNA 731, HAZ L ¥4k CACGTG. G-box
T e & BRAFAE T 2 65— R % TR A S il /R L
fiff (Rubisco)/N V. JE (L R B3P, 5, E—%
PR DR I 42 10 35 TR RO 75 535 DX 40 8l ol
LERI T G-box JTLIFMIAATER Y, FOKTE R 4 LTl
JE B SBED i 2 F 0985 U 5 A G X I A A
G-box*, IR FEA M P SE N admy3 5 BT P A7 AR
G-box Z 5HiN &k [t 78 RHMI1 33
8l F-931 bp~=752 bp H ik fF#E GC-box . 7K
a-Amy3 FEFEJF sFH ) G-box AILIE GC-box Fl
TATCCA JCEHMEE FAA S0 24 S Y, AT
HEMAFAE T AtRHM1 5 H A 3F-931 bp~—752 bp IX.
W) G-box 5 GC-box 1R Al BES: 5 i % W N 225 iR 72,
SR, AT R AR

X — e L S B 7 R E oY R B, R B R Sk
UR 7 B 1) DX S A7 A T B e . 2 KR
F/ BN115 B K 2K 3 +H(-1107 bp~+100 bp),
XF—1107 bp~—802 bp Mk 2k T EFEAC A& T 1)
GUS TEPETRET 40%, HEMI7E % X 38 AT RE A 7E 1G58
T2 5 EY R R Z R 8T
(=1579 bp~—121 bp)#tAT 5wk i & BL-1579 bp~
—705 bp X Bz i HLK FEGE RN GUS W& MR
T #5100 £, FWLE-1579 bp~—705 bp Z[AIFFTEH
ST, TR % X BEAF A OE UR 2 00 44 (PREYPO . 7E
RHM1 J35171-931 bp~—752 bp X s rp & 75 AE 7L HG 38
¥, BT E ML EE

T2 A s st . R ki
— X AtRHM1 JEPH A s PR TIRA L AHE0 43 Br
WF 5% LA E— 25 502 12 3k DR 1 w194 7 285 3 A S it
[T, FEM BB IT REM1 HE K2 5
5 RN ) 43 B
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