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ABSTRACT: Objective To explore the effects of gind gene on the production of curdlan by Agrobacterium.
Methods A g/nA gene knockout strain Ag/nAd was constructed in this paper. The growth and metabolism of AginAd
strain and the changes in yield, gel properties and infrared structure of the obtained gum were analyzed, and the
expression of genes related to the synthesis of curdlan was explored by quantitative real-time polymerase chain
reaction. Results The amino nitrogen consumption of the Ag/nA4 strain during fermentation was consistent with that
of CGMCCI11546. In terms of sucrose consumption, there was no significant difference before 12 h, but there was a

significant difference between the AginAd strain and CGMCC11546 after 15 h, and sucrose consumption was
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significantly reduced compared to CGMCC11546. The AginA strain could produce approximately 4 g/L of natural

gum, which was 60% lower than CGMCC11546. Conclusion The ginAd gene does not affect bacterial growth or the

structure of collagen, but it can reduce the synthesis of collagen. This study provides insights into the role of g/n4 in

curdlan production and lays a molecular biological foundation for further efforts to enhance curdlan yield.
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AIARARIE, NR N AIAFIRIE 20, = — R P b
LW, ATk, AT T NaOH. — 2 F TR (dimethyl
sulfoxide, DMSO)% Bl L7577 v o AT 1558 I e B R WL T-255™
AT B (4lcaligenes faecalis var. myxogens) 10C3K!M, J5 ik
S8 S VAR IR B (Rhizobium)® | 1 3EHT 18 (Agrobacterium)™
LA AT UG BT AR SR o T IR Pk | FK Pk
Tomtk . IR REZ BRI L R BT RL
ISR ST )12 ST TR SR —Ff p-D-1,3-
RS AR S T 2K (CeH1005),,, TETRIA I A
PAREIR LS . TURBELE I L AN EOAIR S 3 A4
AL AR AT AE, S AT AR I i F LU, 60 °C
st AT B AR 11 J (PT 386 BB S ); 80 °CHR BT B 1l e [461 Jie (A T 3366
BEIOM ATARAR I AT BB K . ResE vk L vk . B
Bl R RGP, S R il 5 T AR I T 1 22 4k
AT IZ N o AT AR R B K B PR = R AR T8
SRR G AL AN [ RIS, 43 TR Sy v [ A T 36 0 e
(ER R i1 A ) S e U AR T A R K A, AT AR A
FAMER I A E R GOK M RE, EARRE R . Rk,
G I I U R T T N a1 T R 1 AN 4
WA AR R SRR RO 2 I

AT AR A FIRBR A 1 2 T A i, FEAREA
JrTE: A R EE RS . ATAS AR A R A I o PR
W% (uridine diphosphate, UDP)-75j 2§ #%, R 1F = B &
(uridine triphosphate, UTP)-% %5 -1-5 B2 PR H s B il (b
galU FEH I HEAL UTP FIRH WS- 1-BEMR 4 i UDP-#%
B, FEARRIERET galU BT SRR A e i A8k,
It galU JE AT AR A et R v (g — AN G B> T 4R
A AR R R, skl TR, ERARET
AR I AR R i, [R) B =R R IG 2 A L A% 8 4 vh
W REEIEE L ] galU ZER Y2 BLEE L. AR A,
52 e A E E BRI metZ Il metH FEPFE R 8 1
HIA B R EEAE A o AR metZ T metH FER IR L
HEAT B IR R R A R, U D IR = 5 R (adenosine
triphosphate, ATP)& Y, M L-HIRZARR G, FETIHA
JE A B R ORI PSRRI, RERMIEN A, 801
HIATEA B E TR, B R AR IR F B AT LA™ A 3R -3-57%
FBEMR (poly-3-hydroxyalkanoate, PHA), BIEAN EH} PHA

JR AP R UR R AN T O Y L R - BT ]
(poly-3-hydroxybutyrate, PHB)/Z: PHA HWiF53t5 k) 1z B—Fi.
PHB HI& B L 2 Y, phbC FER i BRI T IR
fitg, Ak 3-BEL T RS PHB, 1-3EFF 5 CGMCC11546 1
PphbC SER BB 5 o] A5 98 I B BRI 2 46%°),

W KR crdASC T (B crdd. crdS. crdC)FI
crdR Xt FRITSRIE AN BB R EZ, 78 crdASC 9\
T, crdS nts— R AL, 15 UDP-1 % 0 405
B LB RS B AT A AR I e R BT . CrdS 5B R e B
(glycosyltransferase, GT)Z % 11 HAG AR, HA S 41 s
WA A PR S . crdS HIZAE SET ISR A BB A%,
TE 3 [BIRD crdS e PRAT I R 3 IR 28 2817 R B2 IR, AATTIIE
W1 crdS Xt T ] 8RB b 10 S 3 T2 s 2 4y
Mr, TERYVERET crdASC #9\F EEIE 100 1%, IERH T
crdASC ¥R\ T7E + AT B ATCC31749 Bk AY AT 1548 Ak
Pra b s E P, YU 008 2, VRN IERSY
F# CrdR AT LA gk s - 49641 18 ATCC31749 i nl 15 8R JiA
W&, FEH crdR DL crdA UGS T FF . B HERT
CrdR BT PHTT crdASC BRI F 1B R TSR AL 1 2B
Y6 e

NtrC-NtrB /2 7E R IEFER 1 2 5 A5 5 BRI WA 5y
REG, WHRRY]LIEFF R ATCC31749 H ntrBC 58 7B RAE
FEBRIUY - AR S5 0 b ] L= AR nT AR AR . nerBC 19\
T AR OR A W A B BRI S L, nerBC JE DR AT FH
FAERFER T sh A REC, b2 o (o R FAE 0 4n
A, TR TG T AR AR, T LA TR RS
BRI R O] AR A A A B R R P 7 - T
CGMCCI11546 H 1 £ 75 2K Ll ) W 4 4 R &
Gene0716-Gene0717, F v ifg &= ZE/E A 09 2 #% 2 I T
Gene0716, {HJEE ISR gene0717 HIZFRIRTT LIHE & HYAE
PR TS SR o

[ X F AT SR I A ST A b e, RUR R IRGH, 7
A AT M EP T R T AR Ak
B R PO )5 RS T3 2 WP 50, TR A5 AR
Pl B TR (R, AT E TR A R S
SE4 [ B4k AR, 57 HUR IR 3 R A AR 7 o (I e e
P25 — ZIVS )G E— 2 T g R R T AR
A Ay AL, T a3 DR el B AT AR AR, AR AR
DI R 2 2 i B 2 2 e A A S 36 s e i A 5 rh R B
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glnA FEN AL RENS A B FAIG nT A5 AR I = 140 ABIF 9 i 2ok
FIFE glnd LN PR RR, FEOF9E glnd JERXT 4 AP
CGMCC11546 F= Tl f48R ke B FE MR, LA A4 —F 25 27 £ BE
S AT AR AR R i S Tl Ak P B4 5 FE A

1 MR5ERZE

L1 #R5RF

THEFFE CGMCC11546, KIp¥R%: @ (Escherichia
coli) DH5a Btk LA K Bk pMD-19T . pEXG2 3 R &R I
KA ARl B E M SR = R AT

P HE 41 DNA $EBOARI & . Bk /N7 S A
AR Mt [l it ) & (b st RARZE (LB A BR A F]); DNA
B AR & . BRI AL ER N VI . T4 DNA F#EHERRCR
EFEEYTRARAF); 2xTaq Master Mix, 2xFast Pfu
Master Mix. DNA marker(3¢ [EZ22 CH/REHT A R #H):;
S Rl R & (U IR A AR R OR B BR A |, 9Ot
2 B A 5% 2 SV (polymerase chain reaction, PCR)iR 7
& . Gold View MR YLk (1 20 32 A= R A PR HD);
DMSO. NaOH, KH,PO,. K,HPO, * 3H,0. (NH4),HPO,.
NH,Cl, HEME. MgSO, * 7TH,0. K3, CaCO;. 95%Z
Pt . PRORER 2R (E 254 Ak 4 PR FD); PCR 5]
YZFER R S EAE YRR IR AR A GEE D).

®1 IWAFENSY

Table 1 Primers of the experiment
LR LY/ S JFH(5'—3")

gUF  CGGGATCCAGCCCGACCAGCAGTTTCAG
AGAAACACAGACCCGGTGATACGGAAC

mgE  egUR

CACGAGCATGACATGGC
4UEH . GCCATGTCATGCTCGTGGTTCCGTATCAC
R CGGGTCTGTGTTTCT
il €DR  CCAAGCTTGCGCCCATTTTCGGGATGGA

eF AAGGTGGCGTAGATGCCGTG

gR CTGGAAGCCGGTCGTAGCAC

q-fixN-F CACGTAGAAGGATGTGGCGA
q-fixN-R TGGGGTGTTGTCGGTTTTCT
q-ppx-F TCGGCTATCGGAACAATCGG
q-ppx-R CATGTACCACCGACCGCATA
q-exoC-F GCAACGGAAATCAGATCGGC
q-exoC-R GTCGACCAGTCTGTCAGCAA
ety _d-galU-F CAAGTCGCTTCATGCCATCG
Yoz it _d-galU-R ATCACGGCTTTTCCGTCACT
pCR i _d-crdR-F TCCTCAATGTGCCCGTTTCC
Fijalay _a-ordR-R GATCTTCACGAAAGCCCGGT
q-crdS-F CCAGACCATAGACAGCCTGC
g-crdS-R GGCAATGGCTAAACCGTTCG
q-ntrB-F TCGGCTATCGGAACAATCGG
q-ntrB-R CATGTACCACCGACCGCATA
q-ntrC-F AGACCGATGTGACGCTGATG
q-ntrC-R TTCCGATTCGATCAGGTCGC

1.2 UFE5E%

GNP Hgk IR B 5540 . DHG-9246A R # e i
BT HRAE (RS 22 S 3 s A BRZA WD), UV-2700 753
FGREE T (H A S H 3R A FR A F]); SorvallRC-6plus 1%
ZRiz AL, Nanodrop B/ G 11 (32 FEI FEER K /R
BLE A BR D), PB-10 % pH BREE T . SQP RUNE % i 1 KF
(K5 B 0.0001 g)( 18 B 2 2 F B 4L 2% A4 B A W),
MLS-378L-PC BU7 A S 2875 K T # (H ASHN T FL 24T R
A F]); sw-cj-2FD B ARG (R R SEARA R
Al); Sub-Cell GT i3k ## . PowerEase H4a [k HLIKAY . cfx
opus 96 BISZIFIEE PCR AL (A SR A fir B2 2™ A R ) );
Mastercycler &I PCR % (& [& 3¢ 2 18 1 0y A B A Al );
SCIENTZ-18N #I B2 iR R THRML (T B Z LE MR A PR
NGB
1.3 EFEOCH

LB 555 BB 1.0 /L. BEERKY 0.5 /L. NaCl
1.0 g/L. pH 7.2, RBCilEAREFRIESRT, A 2%358 .

LB-HEWE G R 5 HEME 8.0 /L. AR 1.0 g/L. %
FEH 0.5 g/L. NaCl 1.0 g/L. pH 7.2, Bl EAEFREmMA
2%35R o

Fh 7R3 FEME 2.0 g/L. (NH4),HPO, 1.5 g/L.
KH,PO, 0.15 g/L. MgSO, * 7TH,0 0.1 g/L. T3 0.4 g/L.
CaC0, 0.3 g/L. pH7.2.

KRG IRIE: HEME 9.0 g/L. (NH,),HPO, 0.2 g/L.
KH,PO, 0.2 g/L. MgSO, * TH,0 0.1 g/L. EX3 0.3 g/L.
CaC05 0.2 g/L. pH 7.2,

14 LW T5E
141 B &b & B 1L

R (O F s BEAE T ) SEA T2 R A IR A T,
1.4.2  glnd A& W 3k & Hoay K43

SR [26], L CGMCC11546 3 [F 4] DNA W#itz,
PCR ¥ 44138 gind b R [RI IR A& B glnd-UD. ekt
glnA-UD 3% # %] pMD-19T #{& b, # 2 oo f 20 1k
pT-glnd-UD(FEl 1A), Z W) . W7 % & ik e [l ik
ginA-UD, T4 glnd-UD 5 pEXG2 JF b % BaAh) i 5 R 47 H8
#H Ik pEXG2-glnd-UD(E 1B), % & JCi% J5 w5 ot
CGMCC11546 FEREZEAT [RIR AL B VA B IR A A A
50 pg/mL R KZER W LB BT IREE FIFRREArIE A%
FERIAE B AT 8% IEMENY LB Al F 5%, WE TR G RAF -
143 Aglnd B4 TR R > 2 I

i B4 BE SCIR [35,3 81T 3 Jy ik i 47 Rl A AR Jie ™
e o
144 Aglnd B A K w&n

S 3CHR[26], L BRE 2% B R i AR T

i}

En
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i 3£(250 mL IS W4 50 mL), 30 °C. 250 r/min 1%
7%, HEFE 2 h BURE, 1 ODgoo fH -
145 fAETNE

H2 I8 HJ 536—2009¢ /K 5
FEVL) BRI A .
1.4.6 EHEESITHE

%18 GB 5009.8—2023¢ &b L E KR &ihhR
Wi HEIRE . M. ZEZERE . FUBEROIIAE ) ARSI RS
.
147 THRIRARAXARE G ZZHH

Pl CGMCCI11549 St FRE NS, FTRZEE
1 PCR B1¥ 43 BRI K 18 6 h F1 12 h B4 fixN. ppx. exoC.
galU. crdR. crdS. ntrB. ntrC Fl gind 3N FiR &,

1.5 HIENIE

AHFFE A Excel 2013, SPSS 22.0 Gt @ ffidT
BPEAb PR, KA GraphPad prism 8.0 JEA7 2, A4 5K
IEHE I E 3 IR .
2 GRS

2.1 ginA RERREAEEEREIFHE
W B 5E TCARK glnd b F W [R) USRS B3 1 B glnA-UD

BAMME KGRt

HindIII

pEXG2-glnd-UD
6300 bp

55 pEXG2 iU hr 4 g HE [H T #0 21 14K pEXG2-gInA-UD, V]
YeE, WE1C PR, WIS R BoR, WYY W4k o5k
i, BN R BE 1000 bp A4, BRI R BLAE 5000 bp
LA, A R/NIERf, FEFRATHEK pEXG2-gind-UD i
2.2 AgInA BE#RHILEIE

Il A ) kM # gnd BBR B .
PEXG2-gln4-UD ML AL 3] +HEFF I CGMCC11546 bk,
FEUETERVE PCR %57, S5 ANE 2 /R . 10 A3 B AR
38k IR DR A R BER Y R ginA )#Exo B 1
PITERR RN N Agind, KB 96 h & 1 LASRAS AT 75K S A HL
P, W 3 R, WRTESE RETLIE L, 458 96 h ik
IS5, Agind BRI 1 3EFF T CGMCC11546 BRI F35R L
FRRAETEN 225, Agind HERKATISRIE B2 4 g/L,
FHXTF CGMCC11546 &AL T 60%
2.3 AgInA EHRERKKBHITER

N TR glnd B HREBR B AR A K 152, Ao
WMSE T Agind WRREIER ML & B 24 h ATAS AR R it |
24 h R A SRR O i . N K IZE (B 4A), Agind

BRI AT CGMCC11546 Z A H 5. P skk
ITE 6 h P AFR BRI, 78 18 h i AR E.

C M 1 2

5000 bp

A pT-glnA-UD hi[€li; B. pEXG2-gln4-UD Fiki&lit; C. pEXG2-glnA-UD MUY HL Ik A5 R
C "' M. 10000 DNA ladder; 1. gln4 J&[H bR ilF R I8 @5 )7 41; 2. pEXG2-glnA-UD MUEFYTHLIK S5 R
BT R R OB 45 R
Fig.1 Vector and result of double digestion

M 2 3 4 5 6 7 8 9 10 ck M12345678910ck

WAL Rl RS B M 45 9L B, glnd FE R BE 1445 5, M. DL2000 marker; 1~10. BE#k% 5 ck. 1TI3EAFE CGMCC11546,
&2 B PCR %5 450
Fig.2 Result of colony PCR
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AR B /(g/L)

+IEFFECGMCC11546
HtkS

T R 22 R i 2 (P<0.001)
Bl 3 K 96 h Ml A5SR A
Fig.3 Curdlan yield after fermentation for 96 h
AR L 5 )y 1T (1&] 4B), &R 9 h e, AglnA Ttk
B R PR T AT CGMCC11546 Hikk. 12 h J&5
Aglnd WMk HEF85E o T AT CGMCC11546 H Ak ik
GRepi e, —HTE 2 h MR AR,

FIHFEH (B 4C), TTIR/E Agind TR & R 1A
CGMCC11546 Witk, HICRTEZ 15 h JFHABIHAE, 21 h
JE LR M BN EITE . XFRY Aglnd WA 1 R &

A 251
- HIEFFECGMCC11546
—~ AglnA
20}
s 15f
£
o
1.0 b
0.5}
0 1 1 1 1 1 1 1 1 1 1 1 |
0 2 4 6 8 10121416 18202224
Fif ) /h
C

- + I ECGMCC11546
-+ AginA

0 1 1 L

0 3 6 9 12 15

fif 7] /h

AL KR B, R EERT 24 h ATRARIEHL - it C. K IFHT 24 h

e B/(g/L)

CGMCCI11546 WtkARKKA 25, XS5EKER 3
TEWE 1 #E 77 1 (18 4D), Aglnd B Bk A L S AT
CGMCC11546 BEFETE 12 h TR RERE A 1A B 22 5,
{B7E 15 h )5, Aglnd BAREEREE AR, X5 Aglnd wHkATH
FELBAE P /D2 R — 3
FIRZGERFEW, Agind WA T IEAT R CGMCC11546
BRI AR IE R 22 5o SRTT, AginA TERE AT 58RI A AN
TERHYFERH AT LA CGMCC11546 THAR, X168
ginA SER I @i 23 B AR A AF DX HE R VS RE AR, /bl
fia] AT AR I A Ak
24 A ERTEAFTIS AR & X EERRIX
SEH S B PCR Kl & BH, 76K 6 h i), Agind
R fixV SER AR B 3.8 %, nerC FERFEAE M 10
fifo NtrC Z—ANEERAEE T, v LLE AT gind JEE R
ik, gind BHMVERERA4EAL L-5 2R NH; 558 L-4%
S, T AR B P A RIED) i E Agind TEHEH NtrC
FA) 1 B IR B R R gnd WIRRISRARIGR T 43 s e NerC 19
BRA, $85 T NirC MRk ZBE 12 h B, Aglnd Witk h,
galU. crdR. crdS 3:H VK ntrB., ntrC FEFR Rk w B B
1, galUBER TR T 3.8 1%, crdR FER T T 1.6 1%, crdS 3
HTFAT 33 1%, ntrB Ml nerC WA T T 34550 4 15

- +IHEFFHECGMCC11546
-+ AginA

FIASSRIBAA ™ it/ (/L)

9 12 15 18 21 24
Hif 7] /h
- L HFFCGMCC11546
-+ AginA

100 |
80 |
60 |
Vo3 6 o 12 15 18 21 24
s8] /h
A D, KT 24 h JERE S R

Bl 4 KWBERT 24 h Agind TRRS 1 AT T CGMCC11546 BtkA KA K O
Fig.4 Growth and metabolic status of AglnA strain and Agrobacterium sp. CGMCC11546 strain 24 hours before fermentation.
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MEZETHEEE it PCR 45548 5K F, glnd SEH B
AEEHR I T fixN 3L | exoC JE[H | DL K nerC BTk, H
FonerC FER S NuaC 2 NueBC H .0 &E A, 1
NtrBC £ 5 & ALH, H NuweC V0L FIF & glhd, 15
AglnA HEEH, crdR 1 crdS F:F Fik & R ERARR, H
galU FEHFIRE MR EMLM, GalU B9774) UDP-45 %52
AJARARIE A R W), galU FER FE IR AR, S5 UDP-#i%j
WD, ITTTRZI T A 58RI o 255 K, gInd SER ]
LA UDP- M A A BUR crdR T crdS MR, Wik
(AR FAEAS Agind TRREH RTAFER ™ B/

12 —6h
1 mmi2h
o} I
9 -
B
% 8r
e
/ 7 L
#®
9
EN
240
g3
2
1
0 [—] I—I- m
XN x  exoC galU crdR crdS ntrB ntrC phbC ginA
)72 g p g
FER AR

K5 Aglnd TR ATAS SRS AR SCHE N S92 it PCR &5
Fig.5 Real-time fluorescence quantification PCR results of genes
related to ccurdlan synthesis obtained from the Ag/nA strain

3 &

PRl AR ARIR L HEFF ] CGMCC11546 kR, JER
gind YRR 2Z G PSR- RN T 60%. +HEAT I
CGMCC11546 BkE . Agind TARAE & B R v A K AHE
BLITIEH, AIARSRIE ™ BRI EASJE DR R IR R A AT
ZHEIARAY o 7E & L AR v a1 3 AT R B — 30,
AglnA HREFN AT CGMCC11546 H K —3 . BHEFE Ty
I, Agind Wtk H3EFH CGMCC11546 7£ 12 h Z HijJGHH
B2ES, 12 h ZJ5, Agind B HRBERHEFEIT G /N T
CGMCC11546 Hikk, TE 15 h ZJ5 Aglnd Bitk'5 HIEFTH
CGMCCIl1546 Z fj Hh Bl @ 2 %, L HHHE
CGMCC11546 BEBHSFE L Aglnd HHEP B8N, L& 4K
Mgk, "ARAREHD " &= . AEAFELS R, Y ging
BRI AR AR, (HEZ W T Al 3R BN A
Wo MEBSERAE, gind FLINFEREEM IR fix FH K
Fik, FIBTTEF= R exoC IR FKIBINN, glnd FEH W LI
W) £ L R A A Bt 5 Z BT M R E R . R
JEAE Agind TAREH, Satith il 1558 e A Wi AL L 1Y ordS 3E
5 RS H ordR Fib m 3080, K] LU RE Agind B

FRATAS AR 7 PR L crdR FI crdS DRI ik i T R
BIEM) . 1E Aglnd HIRTP, crdR 1 crdS FER 215 & R FE
Rk, H galU R FRK & W RFFERM, Galu 1™
UDP-#ii % B2 W3R IR A U IR Y, galU LR FIRFEAL,
SE UDP-#HAIME D, IMSEmT T AR A il £565>

F, ginAd JE W] LA UDP-# 250506 BT crdR Rl crdS 1)
Fk, PIEALEIMEFIE1S Agind Bk AT IS9R e /b,
X EAHERZE R AN AR ERM glnd FEINRERR
Jei, SRR S Y FE R kKX R E, AR 2 BE
51 AT AR A A2 PR, Fe BT AR AR I A R /N

glnd REHRS5EACH, Hamis =Y e f Bk & s, 4
1k L-43 2 FR AN NH; & B L-43 2 B AR 55 o & BW glna
FE DR G A5 AT A SR M 7 e B A P RO R R %), AR SR
1% gind HeDIUEATRERR, WA 0FGE O AT 15 5K I A3 11 52
Wi, A I S o AT A AR I AR A T A W
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