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AR ERLE, RFT — A9 besD AR AL ERFRORFTERBATR. BI )T @B T T4
MAFAER I, M 4T e 09 4 b B A LR R A R B AEBRBEAT B 7 besD AL 2 o) AL m L A LR,
H Pl e TATEE A 59.95%-84.05%Z. 18], 4 5hE M T EE 74.26%-93.75%Z. 18, |
AA%E M= FHARE besD YR L ZRAME AR E T B LEREY, besD 89 2 X FKT 55.34%
B, MEAAHENILRERSE LI, FOMBT%ENELES besD AL T2 EME. R4,
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Regulating the structure of bacterial cellulose by altering the
expression of bcsD using CRISPR/dCas9

HUANG Longhui'?, LI Xuejing'?, SUN Xuewen'?, WANG Xu"?, WANG Yitong'?,
JIA Shiru"*, ZHONG Cheng"?

1 State Key Laboratory of Food Nutrition & Safety, Tianjin University of Science & Technology, Tianjin 300457,
2 Ezgliaboratory of Industrial Fermentation Microbiology (Ministry of Education), Tianjin University of Science
& Technology, Tianjin 300457, China

Abstract: Gluconacetobacter xylinus is a primary strain producing bacterial cellulose (BC). In G.
xylinus, BcsD is a subunit of cellulose synthase and is participated in the assembly process of BC. A
series of G. xylinus with different expression levels of the bcsD gene were obtained by using the
CRISPR/dCas9 technique. Analysis of the structural characteristics of BC showed that the crystallinity
and porosity of BC changed with the expression of bcsD. The porosity varied from 59.95%-84.05%, and
the crystallinity varied from 74.26%-93.75%, while the yield of BC did not decrease significantly upon
changing the expression levels of bcsD. The results showed that the porosity of bacterial cellulose
significantly increased, while the crystallinity was positively correlated with the expression of bcsD,
when the expression level of besD was below 55.34%. By altering the expression level of the bcsD gene,
obtaining BC with different structures but stable yield through a one-step fermentation of G. xylinus was

achieved.

Keywords: CRISPR/dCas9; Gluconacetobacter xylinus; bacterial cellulose; besD

0 1 £ 4k 2 (bacterial cellulose, BC) &
— Bl A s A Sy L B-1L4-BE T R
HEE R A TN, BC R Eis
PEGF . A SR . FLBR SR DL b Al Be ) o
SRR P R AR R T A8
$ B SN /=9 E 1 = R | B g N 16 A ]
ASTA A R ST BC B2 F BRI AR 75
KU R BC #E ARk i by e A e, 75 22
H AR 250 Rk

AR BE AT & BC W& ALtk . BC
FE A BT 52 25 bR, DA B A o0 fift 11 10, 4%
WHZ 46 DR 4Ed R, MR E IR
1.6 nmx5.8 nm, AR LF4EE A7 57 BC WA
o TEFFRAIYNEN E, KA 50 A 15 L
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B —17, I SAMRE RS ST 4iE
TE4 K BC B3 R b [ Bt BC E AT 45 & 40
WAAER G Z WA AL, BesD 2H A2
— o BesD 2REE A BFIEAR, TERLEE A —4
AR R, WML T — S ShRetkry /AR
R EL, PEZEA UL BesD A SR MHEE A HE H 45
T @A, besD WA AR TEEIFEA LA
KA AR RE M, XU BesD A& Al
NP LF AR T TG o besD FE RIS AR [ B i ™
HH) 2 FhEFAER AR (SF4ER 1 MR D
Fb besD BEPR S8 AR (6] BB AR 0 R fIE, 3X
KW besD BNSH T YRS, Mg il

20 TR T A8 2R 00 T2 A T R A A TR T AT A
(Gluconacetobacter xylinus) CGMCC 2955, 1%
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PRIZEN AP AETE 4 P R SRR 1
(bes 1 bes1l . bes HIF bes V), i besD FEH

IAFTET besl B\ 7 A sl
CRISPR/dCas9 (clustered regularly interspaced
short repeats/dCas9) H 4 H

CRISPR/Cas9 ZRGEATA M, T4 [m] i 4 ik
Rk 1 —Fpast i TR, Z R Gk 20
1HPERY Cas9 FEH (dead Cas9. dCas9) FlEE
SRR R S R4S A B HEE RNA (single
guide RNA, sgRNA) 41", sgRNA-dCas9
02 A PRI ) IR PR A 7 1) 22 S s AR L R 3R R
SR 55 K AR B, R U AT DA B AN [
F10 A7 5 SR o 3 P oy e sk U

F) ] CRISPR/dCas9 &Gt X%} besD ik ik
TR PR, RS T — RS besD LR Rk HA
[] P AR S PR AT I 3 3RAE BC A 45H,
I T besD FikiE 5 BC LRI R . F]
AR Rk R M A e R ik,
B BC RRASF 0 1 PR . AEER Tl Ak
B BC 454, ) R 0k R
MWL ARSI, — TR — 2
R PN ZS R P A R 2R e 2%, 1 el 2
VERFEART A A A 5 — o, XEefRs
MR B (4 A= A 254k

WL

1.1 E#

N Re - RN DRy SN 7R Sl |
(Escherichia coli) DH50. 1 BC B & BE R A A
HPRERR BRI, X R Tl R Y 2R R
S A G, T K A ) T R DR A ER O
PRI -

1.2 iEFE

G xylinus CGMCC 2955 555 (g/L): B%

B8 7.5, EHAM 10, Na,HPO, 12H,0 10, pH

palindromic
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7 6.0,121 °C K & 20 min. #j %5 4 25 g/L, 115 C
KB 15 min, [BARKEFRE ST U N 20 o/L Bl .

LB (Luria-Bertani) 5383 (g/L). HEHA M
10.0, BEEEH 5.0, NaCl 10.0, pH H 7.0 [H{k
FRFRILT UM 20 g/L B, 121 C K& 20 min,
1.3 ABIESF

AT 4 855 % 5 S Ak BCRRL T R A A
KR FRHE, 180 r/min, 30 CREFE 24 h, HL
1 mL KRR ESH 4% (VIV) 4R
(5 000 U/mL) £ 100 mL e % B 5 |
180 r/min. 30 CHR%HiF% 24 ho 4 000 r/min 55
O 5 min WERER, EREE, KHREEEMmE
100 mL B & BT 23, ODgp=0.02, PR%
B3840 180 t/min, 30 'C ., 8d. &I &
430 C. 8d.
1.4 AR

SEI P SR Y CRISPR/dCas9 #8044y A< 512
K m EAE AN K1 ARSI HRIE 1Y),
1.5 SRR HEE PCR (RT-qPCR)

F B RNA B HIK7) & (Bacteria Total RNA
Extraction Kit, TaKaRa) 24N 5 RNA

i B8 J2 B 5% 350 & (GoScrip™  Reverse
Transcription System, Promega) 54 RNA Jz
S cDNA

PL gryB B, cDNA Mt , iR
SEEF POt E i PCR A &0 %8 (2xSYBR
Green qPCR Master Mix, Bio-mike) M5 HEA
() besD JER KRB R, Hd gryB R B51H)
}5 gyrB-S Fl gyrB-A;besD K519 K gyrB-S
1 gyrB-A (5% 1),
1.6 HREAERRENE

REESEHG , ¥ BC BB I F 78 18K i
Ve, BREAEEW . RJ5H BCIRILT 0.1 mol/L
(%) NaOH ¥ H R 214, H2 BC 423
B . FZER/KE BC B, RBRILH
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x1 FARFASY
Table 1  Primers used in this study

Primer names Sequences (5'—3)

Description

gyrB-S CTTCTTCTTCCGCCAGATGC
gyrB-A GATGAACAGGACTTCGGCAC
besD_S TCAACGCAAAACCGGACTTT
besD_A CAGTTGATCATGGCCAGCAG

besD (1-)_S TAGTGACAACTTTCAACGCAAAAC
besD (1-)_A AAACGTTTTGCGTTGAAAGTTGTC

besD (126+) S
besD (126+) A
besD (235+)_S
besD (235+) A
besD (337+)_S
besD (337+)_A

TAGTCAGCGGAGGCTGCAGCCGAC
AAACGTCGGCTGCAGCCTCCGCTG
TAGTGATGCGCATGGCATGGTCCT
AAACAGGACCATGCCATGCGCATC
TAGTCCGCTGGATCACGTCGCAGC
AAACGCTGCGACGTGATCCAGCGG
besD (418+)_S TAGTGATGATCGTCTGGCTGGGAA
besD (418+) A AAACTTCCCAGCCAGACGATCATC

Upstream primer of gryB for gPCR

Downstream primer of gryB for gPCR

Upstream primer of bcsD for gPCR

Down stream primer of besD for gPCR

Spacer of CRISPRIi that targeting to the first base of besD

negative-strand

Spacer of CRISPRI that targeting to the 126th base of besD
positive-strand

Spacer of CRISPRI that targeting to the 253th base of bcsD
positive-strand
Spacer of CRISPRI that targeting to the 337th base of bcsD

positive-strand

Spacer of CRISPRI that targeting to the 428th base of bcsD
positive-strand

bsa 1 cut site is underlined.

) NaOH, % pH K 7.0, fJi, ¥ BC HE T
80 CHHIl TH4E T, HZEHE,
1.7 HEEFEHE (SEM)

WL BC JE A, i il 2= Hr LAY BC A
WA 1 h, HRGHETEIGCHRES, #ik
BC %/ZJ5, W4 (HITACHI E-1010), FHirH
F WA NS BC R4, JHARR,

Matlab 35 FLERR: (1) X SEM fé i ifF
PR BEARAL AR B 10(2) XA 1 2047 —fEfk .
(3) HAETE R B AAR R B
JRE TR E A E, RIS IR B LB

matlab B F AT

I=imread (‘address’); % i2HHbhE

figure (1), imshow (I); %ol Hi[&] 1

P =rgb2gray (I); %K1k

figure (2), imshow (P); % ./~ K FEAL 5 RO G

title (K BEALJS B

level = graythresh (I); %+ H BI{H

BW = im2bw (I, level); %K —{HAk

. 010-64807509

figure (3), imshow (BW);

length (find (BW==0))/length (BW==I)
1.8 X-SZfThH (XRD) MK

K X-BFRAT S (X-ray diffractometer)
PEATASI . ¥ BC AL ARSI, Cu#E, 10kV
R, FLUR 100 mA, FHEETER 26=10-30°,
i 10°/min,

gt b B (CrD Y5

Crl (%)=(Tp20~Tam)/T020% 100 (D)

2 HEREMM

2.1 CRISPR/dCas9 if1Z besD E FH B FRiE
S F 2 ) pdCas9 244k ik dCas9 5 H
Fl sgRNA AYREEL, B besD FEPRIARTA]
{75509 20 nt JFHN A 5 pdCas9 4Kk, A5 T
— R |3k sgRNA-dCas9 & SR #E M, X
48 soRNA-dCas9 5 5 1K 53 5 #E ] besD KA J
SCEERER 1 ALBREE A IE CEER SR 126, 235,
337, 418 B Ak o 3X LB AR 5 G 4w A
pdCas9 besD (1-) . pdCas9 _besD  (126+)
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pdCas9 _bcsD (235+), pdCas9 besD (337+)
pdCas9_bcsD (418+) KiX 5 AR LL I pdCas9
AR 5 R ARMHEIRBS AT . UL 48 h )5
HIEAARREA, DL gryB NS IEHME besD FH
R Rk

mE 1R, PL#RIE pdCas9 2K F#E N
X} FETE #k , 2635 pdCas9_besD (1-) .pdCas9_besD
(126+) . pdCas9 besD (235+) . pdCas9 _besD
(337+) Fl pdCas9 besD (418+) YA HHER B AT
WY besD BE PR 3k 43 5] o X BT bR P Y
55.34%. 35.07%. 76.18%. 29.39%7# 62.51%,
Cui 9K, BEE RO R B A h i
HE DR R A2 BRI Bk, 1 H sgRNA-dCas9

12
é 1.0+ I N
: l
5 08f
; *T* ke
]
2 0.6 I
S
o
5 04t T *T*
2
= 02t
[
0070 8 D o o
X X X X
K O Y
o0& o & & D
o o W 9 f

S S - - G‘Zf"
Q‘b% &4 o4 o4 O
Qé Qb Qé Qb Q

Strains

1 AREREBREFTEPR besD MRIEE
pdCas9. pdCas9_bcsD (1-)., pdCas9_besD (126+)
pdCas9 besD (235+) . pdCas9 besD (337+) Al
pdCas9_besD (418+) 435 F 7 4845 AH I AR g A
WWEERESFFIA s *: P<0.05; **:. P<0.01

Figure 1 The expression level of besD in G xylinus.
pdCas9, pdCas9 bcsD (1-), pdCas9 _besD (126+),
pdCas9 _besD (235+), pdCas9 _besD (337+) and
pdCas9 besD (418+) indicate Gluconacetobacter

xylinus that carried the corresponding plasmid,
respectively. *: P<0.05; **: P<0.01.
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S Er AL T L SCRE (A TR R L S SCRE LT AR
MAEARSZH Y, besD KD B #3558 R 5HA07
SR 2 1) B4 2 2 B0 B A e L X
T EEEH T besD 5 besA. besB V) besC 3 4>
HEEH— N7, I HA T IZERN TR
WS, RGN, ARSEIIRIERM T — RS
besD FiR T AT TE 29.39%—100% 27 6] I #E
AT LIRS besD H&H 35K i 5 A H b R 165
FEBE 0941 LA K BC AR ] A G 2R
2.2 besD RIFEN KB

K THRIE besD F:H I Feak Xt Bk AR K
IS, 2 T & 8 d i AR Y pH A8k Hi &
(K 2A) LUKl (B 2B). WA 2A Fil
K 2B A LAKR B, besD 31k i S 14 TR AR AE X
FALFIE pdCas9 25 FARM XS BB HEAERT 96 h
AR, FE 96-120 h At (] B py ) H B T Pk
B TR BEHE B pH S SRR B
FHRE . ZRTMESR R, R TR
i T T TR 7 A K B e R e Sl A A B A Ak AR
TR R AR IR Y pH R R, S
PRIT 06 A FH AR, AR5 i) pH JT iR B TF,
B R R B AT kAR K R BN 1
120-192 h W], AHXTF{LERIK pdCas9 25 #ifk
(A R BE AT T8, besD 3 K52 T3 i TR AR Y
AR T RN 55K 3 BB, e
FRUEA WA KR besD 3[R 26 1k B B R
(%) OD ¥URT X MifE bR A —IRAERK E
Fa e A E], PR besD &k BRI B RR 09 4=
Kl m TP, g AfReEME, 5K
pdCas9 =5 HARMXT BB HRAR L, R4 besD 3
KZ T ER OD 5 TR, MK
FXFHE, H R EAREXT R R OD (B iT
KA, IFH OD WUk shia I ih 5% BE
PRI OD W slifa A0 I o X U BH besD R 3=
I A AR AT TR AR AE AN ) A 4 B B 1 A AR
T TS, 18 2C Jg besD Fih TN R A B bR
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A 657
—=—pdCas9
6.0¢
’ ——pdCas9_besD (1-)
551 —apdCas9_bcsD (126+)
A - pdCas9_besD (235+)
T osob \ +pdCas9_bcsD (337+)
CRS pdCas9_besD (418+)
4.5}
4.0
3.5 1 1 1 1 1 1 1 J
0 25 50 75 100 125 150 175 200
¢ (h)
B —=-pdCas9
4 F—+-pdCas9_bcesD (1-)
—+-pdCas9_besD (126+) ;
~vpdCas9_bcsD (235+) [T ~_F
| —+pdCas9_besD (337+Y/ES ‘
3 pdCas9_besD (418+4) ﬁ\
S af
1 -
00 25 50 75 100 125 150 175 200
1 (h)
C 2s5¢ 115
20t H—w 11272
- T —-BC yeild =
?9 15k 'I'I:|Relative expression level | (g -%
< 2
3 - &
5* 1.0+ T 106 &
A 2z
T =
0.5} L 1032
R NN N0
SRR AN
Y Y Y AY >
o o & gV
9 D7 D S F
P
Strains
2 besD RiZEMAERFIM  A: pH %k

thek; B: WtkpIERKHTZ; C: besD KL B A
TR R BC 7B k2

Figure 2  Effect of bcsD expression level on
fermentation. Profiles of pH (A), growth (B) and the

BC yield of strains with different expression levels
of besD (C).
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FRERFE 8 d )5, BC Rk, & 2C
SEIREW, REHRESAT R E AR d S,
BC B=mIFRAREE besD HeH F ik A ™
A E B AR
2.3 besD RiZEX BC &M

1990 4, Wong %X A ) 0 IR B AT 181+ 1)
besD BRI HRARIG G, RIFEIF ALK L
B AR R U X UL besD IR A K
BC Frhd5 8. 55— 51, Saxena 55K besD
TSR AL T BN I B £ 4 K g ) & ek
AR, W] BesD WIEFZ I T BC M4h A2

F A o T AT BC EAITE S M8
SGEREW], besD F Nk AN R B TR AR T A= 7
() BC BEMFLBR LA T84k (B 3A). XA
besD FERNF B MZAEALEI T BC BEAY MRS,
¥, FIFH matlab HEAIRN BC BEAGFLER RIS,
KBY besD F R 3 ik KT 4 IR Bk B
55.34%J5, BC BEMFLBRMN 65% 44 T3
T 80%ZA A (K1 3C). 75—, BC MFLBR
Mok, PAALATRN BC MM, FRESE
[ 2B BC 1% AR Ak 5 FL R A A
AR (% 2). B KR besD HEH )3
R FEAL, BC MFLBRR 2B T HOmAg
X FHIAT L I besD B 5 R M LR
s, BC HI%EE B FL A A T 20 kG B e
HHFIFHIEA BC H4R NS5, Fik BC
FEE AL B R s M 1 i /e BC B4R 34 1 [
Z . 1 CRISPR/dCas9 4% besD FE R () # ik il
% BC BERFLBR T 45, XA AT BC 724141
T R BIBFGE . F T X-5FR A7 5075 BC (945
SHE R, BC BERATHTIEI A WS besD $
kg R A W% (K] 3B). X BEH] BC JE
(1 F2 AL A 25 R e R A AR AL . (H 3 2 AR
BC BEMZS G &L, BE#E besD MYF IR
FA, BC IS 93.75%M 2 T 74.26%.
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pdCas9_besD (126+)

pdCas9 _bcsD (418+)

B —— pdCas9

10.0 jom-+.
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—— pdCas9_bcsD (126+) —— pdCas9_besD (235+)
pdCas9_besD (337+) ——— pdCas9_besD (418+)
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\(

10 15 20 25 30
20/(°)

-~ -=- Relative expression level
g 12 -= Crystallinity
;o’ ) -=- Porosity 95 85
210t 3 150 ~
k5 {90 5 180 2
g 0.8 »>175 &
g 185 E >
5 0.6 0z 1%
a, q < o
04| 2165
2 1753 {60
=027
TSN Do
4 G‘b’% "-;3X bX D‘X%X "\;\X \\/
oo S S o Ay
VW W v 9
G‘b‘%q /Cz;g /Gb’%q Z ‘b@ s 60%'
Qﬁs Qb S ]
Strains

3 MEFHERMOGHRE A FHHETZMET T BC RIRPIREH ; B: X-LATHHNAG BC BIfT
BP0 C: A[FTERK besD BEARXS Rk | 25 b B M fL IR AL i 4%
Figure 3  Structural characterization of BC. (A) The network structure of BC under the scanning electron

microscope. (B) The relative expression, crystallinity and porosity of different strains with different
expression level of the bcsD gene. (C) The diffraction peak of BC measured by X-ray diffraction.

®2 TREEH#™BCHREEE
Table 2 Mass density of BC produced by different
strains

Strains Mass density of BC (kg/m®)
pdCas9 7.06+0.20
pdCas9_besD (235+) 6.99+0.21
pdCas9 _besD (126+) 7.29+0.15
pdCas9 besD (418+) 7.10+£0.17
pdCas9 besD (337+) 6.23+0.22
pdCas9_besD (1-) 6.36+0.12

& 3C KRB BC W45 i i 5 besD W35 5 52 1EAH
X, XWM B —FTHIUE T Saxena 25 & Bl

2% |, @1 CRISPR/ACas9 1Y besD Fik ik
PTG, BT HA SRS, A
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A KA BE K T[] BT — 2 R D B
X AT B B BC Y45 il B RIFL B 238 55 45 14 A
KB besD WFBEIFAZEIH HEN
AMERRWIEN . REW, BE besD Kik
WAL, BC RIS & B FFL B 3 AR 5 KA R
WA T8k, 3FH BC B h L 4E D%
s, R, i CRISPR/ACas9 #:1l besD F
TR TR BC 454, WENTE—2 LI
i BC 45Mm 7,

3 4

RATHERRBEFF P, besD PR 335 f 1y A2

2
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29.39%—100%3t il P9 728 £k X A [R) A 19 254 T
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BB WF R
ARAHIREEATF T, besD FEPRFRBRLEALT

X BE B AR Y 55.34%)5 , BC IFLBR B2 .
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24 besD FEHW)FRIBELE 29.39%-55.34%
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