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Regulation of Vitreoscilla hemoglobin on biosynthesis of astragaloside IV
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Abstract: In the present study, the regulation of Vitreoscilla hemoglobin (VHb) on astragaloside IV
biosynthesis was investigated. An intermediate expression vector consisting of the CaMV35S promoter fused
to the vgb and nopaline synthase terminator was transferred into Astragalus membranaceus via Agrobacterium
rhizogenes. The transgenic hairy roots were confirmed by PCR amplification and Southern blot hybridization.
The expression of vgb in transgenic hairy roots was confirmed by RT-PCR. After 15 days cultivation, the
dry weight and growth rate of transgenic hairy roots were higher than that of the non-transgenic hairy root.
ELSD-HPLC analysis showed that astragaloside [Vcontent of transgenic hairy roots was 5 to 6 times of
non-transgenic hairy root control and 10 tol2 times of Radix Astragali from Shanxi Province. These results

suggested that the expression of vgh promoted the growth of transgenic hairy roots, and increased the content of

astragaloside V.
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AR, 25 ImPRFIREZ N T sk — @ M AHE . T
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SNE W R B (Vitreoscilla sp.) B8 & 135 W
PR M4 A (Vitreoscilla hemoglobin, VHb) LLi&E
AR BRI B AR, T 1 R AR K A R IR Rk
KW, VHb 7540 fu b T BRAS AT N RE G, b4l
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TRFEF IR veb FERFE ANFEY) H, 55 IR
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B (Hyoscyamus muticus) BRB A, BARR T
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& pBI121 A ERAE . vgb (F41 5 GenBank & £
R P98 55 YP696633 —30) b [ Bl b il
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Hoefer HE 99X M HLJk &4t (Amersham Phar-
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(Amersham Pharmacia Biotech); ¥AH (4% (35 [ 5
- HP1100), 78 RGHE R (PL-ELS1000), HP
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EYFRIEEAK pBI121-vgb BIME  Bit— X4
SS9 PLAT P2, T4 34 pBI121-vgb E A H BT
TEN veb FE, 5IMF5IN Xba 1 F1 Sac 1 FEYIAL
A, P1: 5-AATCTAGATGTTAGACCAGCAAACC-3'
(Xba 1); P2: 5'-~AAGAGCTCATTCAACCGCTTGAGC-3'
(Sac 1)o Lk vgb SERCHFENL, AR 1 pL, S pmol-L™' 5]
Y4 2 uL, 1022 2 uL, MgCl, (25 mmol-L™")
1.6 uL, dNTPs (10 mmol-L™") 0.5 pL, Taq (5 U-uL™)
0.3 pL, ddH,0 10.6 pL. PCR G54t 94 CHIAR T
5 min; 94 "CAEME: 30's, 55 ‘CiB Kk 30's, 72 "CHEAH 30 s,
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) (B R BRI BORE PBI21, XL 1) 45 3 1 Bt
2 T4 DNA ER 16 CIERNK, BUEKZSE.
coli DH5a, VARS8 2 R i1k brid, PCR J7 0% 4%
i AR pBI121-vgb [ K I 14

3L E LBA9402-vgb BY3K18 KWK H
LBA9402 #ZF 2|54 100 pg-mL™ AT YMB
(1 gL' BBHRE . 02 gL' MgSO,7H,0. 0.5 gL
K,HPO,4. 0.1 g¢'L™' NaCl. 10 g-L™' D-H# %, pH 7.0)
Wl ARG TR B, 28 CREFR R REIE K, P EE
BERPF N 100 pg-mL ™" FIAEF YMB A8 77 3L,
28 °C. 250 r-min ' 5537 40 h, % 1% LL ks A
R YMB AR 72564, 28°C 250 r'min”'
K e E ODgoo M 0.5, BRI A HiBh# & pRK2013 11
KIGAT R LA B 4845 v TR 28044 pBI121-veb KA B
T4 50 pg-mL ' R A # 44 LB B33k |, 37 C.
300 rmin ' BiFREA, MEEEKEE, 20
BRI T 50 pgmL ' RIBE RBA LB K5k,
37 'C~ 300 rmin ' BiFREA, $% 1% R LE BN B
B BRI SR M A B B M T LB AR IR AL,
37 “C. 300 r-min ' 55 FEZE ODgoo N 0.5, 4 3 Fhig %%
BURAIE, B S50 puL #:Fh T HAR 2 om (LR IE4L
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b, BT YMB REAR IR |, 25 TR 1R, HliEE
TR YEIEAC, AR VR IR, AR A T 5
A 100 pg-mL " .50 pg-mL ' K IFE Z 1 YMB
AR IR B, 25 CHigR 4 RJn R LR TE VR, Phep
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FIHT 50 pgmL ' RIBEREN YMB AR IR,
28 'C~250 r'min ' Wi IR, X L IUTOR DNA
BEAT PCR %€, i€ BIPE T LBA9402-vgb.
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FE47 100 pg-mL ™ 4 TR 50 pg-mL ™" R ARHE 2 1)
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B FEM YMB AR FR3E, 28 “C. 250 r-min ' K5 LY
40 ho 4% 1%EFRN LB ARAT R R T YMB 4
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THEE B LMWSE 50 mmol L', HIFE 1 K. LW
PR, UIBC BT T 22 R e, i VAR 2R
THHEAT A, HRMRARM B LBA9402-veb BHIZ
Yt 5 min, SRJ5H % MSOH (22 NHLNO; (K] MS 5%
FRHE, AN 1 g LT KRR (IR 3%J8EHE, pH 5.8)
W] AR IR, 25 C R4 FEEFR 2 Ko RIKDEE
HMER 4~5 WG, BB E S 500 mg- L SkHIENE 1)
i & MSOH K7 3%3t, 25 C BG4I FRIFRE T4k
BRI

XF4% veb BEEFHEERIR PCR 947 CTAB i
PR TA T AR I D BB AR L 5% vgb HEDH
B S DNA, BL PBI121-vgb JFkRL A B X
FEL, 3R TG VAT I R R B R TR 3 SRR AR Sy B xR
PLE DNA 8K, P1 AT P2 4514, 34T PCR. HX
5 uL PCR J V=4, I 1%35 B et e v ik G 0

Southern blot 247 CTAB VA HUHE 1 G 1H -
A i B DA B B BN B B DA 3 B B AR L DNA %
10 pg, il Hind IITF1 Sac 1 XUAFY) & DNA, V) 5¢ 4
G, BEVI -0 (10 1) s, IR
W, FHED -5 (24 1 1) $ihde 1%, b 1/10 4468
NaOAc (3 mol-L™", pH 5.2), PI{ARIIC/K ZEEAE 20 C
BEYT 2 h, 12 000 r-min ' 5.0 15 min, 37 B, U0
H 70% CBER S IR, =i, 0 30 pL ddH,0 %
fift, BRI WL VKRS MG D) RO, AR HR 1 43 AT X
BT EE o ] 1%B ki e, WD)~ ¥Iin 6xLoading
buffer F#f, LA vghb PCR P“## pBI121-vgb Hind III
H Sac T XUEELIF=40 A BHAE X R, BRAT Ha bk, At
AAL SR 2 I ECL direct nucleic acid labelling and

detection system (Amersham-Pharmacia Biotech) ijfll
UL AT

RT-PCR £7F & RNA $#£HU7 75 26 fUR
AR, cDNA 35— 444 i 1] RNase-free ¥
20 pL PCR M H /AN 3.0 pg e IR
FER B FEBIRR IS RNA, RNasin (RNA i 41151 71
40 U-uL™") 0.5 pL, Oligo (dT);s (5 pmol-L™") 4.0 uL,
fin RNase-free /K 3 S RFH 13.5 pL; 68 ‘C/K¥# 5 min,
P4 30 C, fREL S min, HfE A 0 C, fRI S
min; PRI 5x S 55 [ W28 i 4.0 uL, dNTPs (10
mmol-L™") 2.0 uL, M-MLV #3558 0.5 uL, 1851, &
Lr 58,37 TR 1 h, RJGLRIVKH . PCR KRN AL
ds cDNA: VLRGN 1 7= 2 b, &7 20 pL
PCR S NAKZ, 514 P1.P2 % 2 uL, 10X 2 pL,
MgCl, ( 25 mmol-L™") 1.6 uL, dNTPs (10 mmol-L™")
0.5 pL, Taq (5 U-uL™") 0.3 pL, cDNA % 4% &)
1 pL, ddH,0 10.6 pL; PCR fRIRSAF: 94 CHiAR
5 min; 94 "CAE1E 30 s, 55 ‘CiE K 30's, 72 ‘CHEAH 30 s,
30 M HeE 72 CHEMH 10 mine PCR R V45 )5,
I 4 uL PCR S 9, I 1%58 BEBH B e v ok s i

% vgb REERERREKENE OB
BRI 100 mL 44 MSOH K578, Befh
N 1£0.05 g-(100 mL) ' ARJFKILE T 100 romin”!
FEIRMPRIN, 25 C BRG IR B % AR R R 3 M
85015 KWK, MpeffE, TE, HEAEKR (4T
). BEE (FW): B4R T3 BRI R I 1)
BRI ERENER. TE (DW): BREIHEEE
RSB G T RGN ER . KL = (ki
O — AR R

# oveb REERERREEFHESENE 7
KA veb BED BT BIRMR . AR AR D B BB ARAR
Ll PG = S B 3 R R SR B, i 80 H A, R4
FRIC 3 £, B4 0.300 g, JIT 80%K) VA K 10 mL,
R, 80 CHEAFEEL 3 IR, &K 30 min. Z&H
BESRIOR, PRI IN/K 10 mL ¥ #, LA 10 mL KA1 E
TR 3 K, AIFIE T B, H 0.15% (w/v) NaOH
WU, WEEE TR . 28T 1E T RE, skl i HEE
WfER A 2 mL, 0.45 um SFLIEAEIT 3E, EFFRE S,
W, S MR BRSO, W AR, SRR
HEETH 8. WAL R Inertsil ODS-3 (4.6
mm x 250 mm, 5 um) i%EE; ZF-/K (351 65) i
A, Ji%E: 1.0 mL-min~'; FEIE 30 °C; ELSD &%/
WA, R 80 C, FALIRL: 60 C, I E:
50 °C; A 1.2 mL-min ',
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TR I 00 BT A T FF R TOFAT 15 min,
FATIETF; JEEE: 14 om; B EAA A WE LR IR B
W (1:10), 105 CHNFAK B, 2 BE AU B, &
FGAT 4400 (366 nm) U2,

LTS
1 #EMRIEFHK pBI121-vgb BIH5E

PL vgb FERUCR LR, HI5149) P1 A1 P2 #E4T PCR
P14, 192 454 bp (1 7B, PCR “##1 pBI121 43
AT Xba 1H1 Sac 1 XY ¥ X D) I [ 2401
pBI121 # AL 454 bp H I BLGIE, fRIMYRIL
B pBI121-vgb o A IR A 1148 7 e 1 L IS 1
F P1AIP2 51 HEAT 17410 73R W 5 vgb LR 7 41 4H
[F], WK RIE B AE pBI121-veb 5 FlI45 B — 5.
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Figure 1 Structure of plant expression vector pBI121-vgb vgbh:
gene coding for VHb
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PCR A, 7921450 bp J B¢, 5 FYEXS i pBI121-vgb
P38 ) R Be R/ — 3 it B R IR R R v R
BARME A1 HH N 465, UESE v SEIH 4 N 3K
BRI . B F LD B BRI ) PCR 45 4 &
2. S50 83 MBI R T 54 MERY G H
H 4, FHHERIE 65%.

Figure 2 PCR analysis of vgb-transgenic hairy roots of
A. membranaceus. M: 100 bp DNA Ladder; Lane 1: ddH,O;
Lane 2: pBI121-vgb; Lane 3: Non-transgenic hairy root; Lane 4
to Lane 7: vgb-transgenic hairy roots

h TR v B DR 7 A e DR S B IR AR R DR 41
H RS DL, R D B B BRI L R 41 DNA it
AT Hind 1ITA Sac 1 XUEY), UL vgb FERIbRICERET, BF
1T Southern EiZF %%, Southern 2442 45 AN &l 3 Ao,
FERL DB B BARAR AN B PE TR #8213 kb 1 H
(1) 4% RIE 5% CaM V35S JH3) ¥ (834 bp) i vgb (450
bp) PN Fr B, 1 A A e DR B R TG Y 4k
UESE vgh BEPRHE G T 36 e DA B R R R 2
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Figure 3 Southern blot analysis of vgh-transgenic hairy roots.
M: 10 kb DNA Ladder; Lane 1: PCR production of pBI121-vgb;
Lane 2: Restriction production of pBI121-vgb; Lane 3: Restriction
production of the sterile plant of 4. membranaceus; Lane 4:
Restriction production of non-transgenic hairy root; Lane 5 to
Lane 7: Restriction production of vgh-transgenic hairy roots

N TR vgh K DNAE R DR B R AR T
SERIK, LIS T veb SR BRE RNA 4
R SO 5 )5 EAT RT-PCR, B3N 3 BRI 1Y
T —4% 450 bp FFAESAr, AR N EEAR
RRBEA 4 38 HORE Y 457, 28 W R DR B B R AR
vgh HH R S # 5% mRNA, HAERIRIE (H 4).
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Figure 4 RT-PCR analysis of vgb-transgenic hairy roots. A:
Total RNA; B: Production of RT-PCR; Lane 1: Non-transgenic
hairy root; Lane 2 to Lane 5: vgb-transgenic hairy roots
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Figure 5 Dry weight and growth rate of hairy roots. Yuandai:
Non-transgenic hairy root; Vhb36, Vhb52, Vhb74: Different lines
of vgb-transgenic hairy roots; ~ P < 0.01, P < 0.001 vs yuandai
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Figure 6 Results of astragaloside IV content. Sx radix: Radix
Astragali from Shanxi Province; Yuandai: Non-transgenic hairy
root; Vhb36, Vhb52, Vhb74: Different lines of vgh-transgenic
hairy roots

TEFCE AN AR RN BRI L 5 vgb A
TR BRARE: i 4 5 IORE AR W) 1 TLC BAFEA
—FERRE LR, EIREE 17.5 °C. WS 50%M&1E T,
BEAT TLC ETF, WilR OREEW (11 10) BOU5, 18
L B R A N A B, HOE T AR B N
LHMDEAT (366 nm) T WAE T AGOEHE R (K] 7).
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Figure 7 TLC identification of the astragalosides of hairy roots.
A: Plate of merck, visual; B: Plate of merck, UV 366 nm; 1, 10:
Astragaloside IV; 2-5: vgb-transgenic hairy roots (1 pL); 6:
Radix Astragali (Shanxi Province) (4 pL); 7: Radix Astragali
(Chongming, Shanghai) (4 pL); 8: Sterile plant of A. membranaceus
(5 uL); 9: Non-transgenic hairy root (2 pL)
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¥ vgb HEDN P BRAR T 41 5 L ARG L DA B
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PR AR BRI IR G vk 2 X, X ) R Sl
S8 TR 6 B 0 4 R A A R 2 K O o R 4 i
e 3G I A B AR AR 2R mT DA S R A 0 i AT
HCPihe Sy . 17 BRI AR PR A AT N R &5 VHD Jf
B e A PR ) Y 23 A0 40 T B8 7 PR AL 4 A AR GF IR A
17 BIRMEE TR R e T ERIARRZ —, [
WEEFRIG, ¥ veb BEDN BT BAIRMR (1. HPH . K3
ARLF, T {2 e DR B B B R AR RO A L, AR 0 i 2
Bl MR R B AU R BI580AE, o veb
B AR KB4 E B LG AR RO AR KT 4F, VHD
fHREMRAE B S N R m A s /% .

TLC 45K (Kl 7) 2ot vgb FEDTT BRI T
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BT A B A A e R B B IR AR B o B AR B A
%, H¥% vgb KN BT BN TLC KIHE AL /F#
N2 H BT Ak B B gy, AE 5L N o
BARAR AR T KEBR R, WE A R K ER
IR RS B 24 v DR R B8 U 0T AN T T B R AN B [
I, ANER SR vgb He DN B R BRI R I T A0 [R] 4
R, ¥iem T B R =, M
vgb HER B EEEIRIR TLC B3 AL

BN vgb FEDH, BRI AR, KRR
PRI, VEE I VHD RERS I 3 AT
A BRI RN AR A VHD 2R 45 AL, 1
TN R Pt T AE K . Bailey S PR
(1) 21K B AR 28 pH AR i AR M B e NI R ) S R,
LD B T VHD R SRR P o R
T 80%~100%; & ZF I ] AT AE L) 6~8 RAEHT N
3~4 Ky FRAEBTIAABSRET T 3~5 Ko [A] I 3 DA
L R B2 A B 30%~40% (1) 4 2 T AR
PP E T R 34%.

o [ 24 U B M T B T S R AN D
T 0.04%", ZiH L FEEW, EEAM B R R
BN 0.05%~0.23%"1 . AHFGT A IS ) P i
M EERE S RN 1.77 mgg!, IR LS
PRI TSR 333 me g !, H veb JE A B
BRI EHH S EEIA 21.00 mg-g ' AW
T T O R AR KRR AR
TR R T AT, o Eh e
FRERAE T — 40 %

Bt B L R S AR T R AT ) B 0 A
FF
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