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o OE: REE 26 Y TRHEEFELI LA S AN ROIKTESE, CRBILHEREATEH
(Bifidobacteria). &|-F & FL4F # (Lactobacillus paracei) % Mif # 4 B 493874, Bt AR iEmA &
EARTAER . AFFREILE KA E T AL 4 FAE BB ALES (cellodextrin phosphorylase, CDP),
MFE Cc 01 Bitk, FFHZATMEL COS 01 HARIRAMEA, 2T AT COS 01. Cc 01 49 = Ba4R 3~
B LAEAC & F] B AEFn BAB SR AT FAER AR £ . R0 E, AT 4 F A6 = 24 5|
97 g/L, EAHAH 97%, L F 2K 4% —45(16.8 wt%). 4 % =42 (49.8 wit%). 4 % Wiz
(16.4 wt%). 44 ZAE(11.5 Wt%)An 4 4588 (5.5 wt%). B4 45 bt 7 & B Ak A KALIEAE A 69 MK
F,OAFH . KEAE. KERBEALE, TRIAFE(WSH 004). & FEILAFE(WSH 005)A &
#% B2 SUAT B (WSH 006)4) 8 4F 4 AR (A 2-6) A SRR AT A K G, # 4 B 49 £ 4 (ODgo) 48 o2t
MBI Hnty 2 4E, ZAFRAE T ZEERIBE R AL A% B A A R A A, RIS JL 2-6 9T EE
R — K B AR 3 I 3B A A 3G T 64 T Bt AR RS
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Synthesis of cello-oligosaccharides which promotes the
growth of intestinal probiotics by multi-enzyme cascade
reaction

ZHENG Peng'?, WANG Lei**, HU Meirong”, WEI Hua'", TAO Yong*”®

1 Jiangxi-OAI Joint Research Institute, Nanchang University, Nanchang 330047, Jiangxi, China

2 CAS Key Laboratory of Microbial Physiological and Metabolic Engineering, Institute of Microbiology, Chinese
Academy of Sciences, Beijing 100101, China

3 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Soluble cello-oligosaccharide with 2—-6 oligosaccharide units is a kind of
oligosaccharide with various biological functions, which can promote the proliferation of
intestinal probiotics such as Bifidobacteria and Lactobacillus paracei. Therefore, it has a
regulatory effect on human intestinal microbiota. In this study, a Cc 01 strain was constructed
by expressing cellodextrin phosphorylase (CDP) in Escherichia coli. By combining with a
previously constructed COS 01 strain, a three-enzyme cascade reaction system based on
strains COS 01 and Cc 01 was developed, which can convert glucose and sucrose into
cello-oligosaccharide. After optimization, the final titer of soluble cello-oligosaccharides with
2—-6 oligosaccharide units reached 97 g/L, with a purity of about 97%. It contained cellobiose
(16.8 wt%), cellotriose (49.8 wt%), cellotetrose (16.4 wt%), cellopentaose (11.5 wt%) and
cellohexose (5.5 wt%). When using inulin, xylo-oligosaccharide and fructooligosaccharide as
the control substrate, the biomass (ODggg) of Lactobacillus casei (WSH 004), Lactobacillus
paracei (WSH 005) and Lactobacillus acidophilus (WSH 006) on cello-oligosaccharides was
about 2 folds higher than that of the control. This study demonstrated the efficient synthesis of
cello-oligosaccharides by a three-enzyme cascade reaction and demonstrated that the
synthesized cello-oligosaccharides was capable of promoting intestinal microbial
proliferation.

Keywords: cello-oligosaccharides; whole-cell catalysis; phosphorylase; functional carbohydrates;

intestinal probiotics

21 4 55 B (cello-oligosaccharide) ¥ FR£F 4EAIK
B, W EEHE 2-10 4> D-AA AR
B-1,4 WEFFGEEREMERLtEZ" . o7
F(CeH1905)n (N=2-10), 24 n=2 WP B4k —
(cellobiose), 24 n=3 B} JE W4T 4k = #¥(cellotriose),
24 n=4 B AT 4E DU (cellotetraose), 24 n=5 K
TE 1T 4 HM (cellopentaose) 55 LA 254, {HJ&

&: 010-64807509

MR A n>6 BKEHEAL. BT, £F4E
TEWER A IR — TRt A A 18 i R AT 25 1) A 7
73 4R T0 , B aeat fh A R WIS 23R f A B
Jig i B2 (short-chain fatty acids, SFCA), FE4ufE
BETR . INTR AN T IR, ‘BN TRESE KR IE N pH E,
AT U0 5 S0 BT R 38 B, AR FRRAILAAR I 18 A 2
ke, e B BIEERY; teah, FYEEpe
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A R E LA 5556 5™ W) BT i W i, s i
Fe R s SIS LA Gy T84T 2R G oy Yo S S
L35 e LI REST ) YR EME A B —E R,
{HE NRNAAEAE B-1,4 BEFF BB, PRI
PN BEXS HH A e, 45 2 2 S0 a] A/ Ay it
RS IE £ i, W6 PR T TR Y
RN B BaRAh, 2 2 SRR HAT W 254
IF HARE ML, AT AT vz 0 T O/ Ad b Aol | il
25 Tk MR 251 1l 24Uk, A R0
T IR RS .

AR R MIK F R EE N AR, 224
AP ERAAIE L B-1,4 BETT SR N, T
INTRERE () 545, DR M2 4 3R 75 SR K i B
BAREELZHE , A RRNB L AL AT RS R M RN
HoAth 3 (7= iU R AL SR T AR
LR AR A TR | 0T L5 PR ik IR s i v
P HUAbEE, TIAL AR S A IR O
TETAL 382 J5 0 2T 24 23 it ik S vy v, R %) T i
FR] . RN RN M pH SE SR TG
R, X RE—FhE A e B4R HIAEEEAR
RIFHAE B o BRILZAN, S5 4ERD
M, B TNV . S RS
ALFE B-HIEE T, XS AS A B £ 5
W — 20K it LR A W, AT AT 2T 2 S 1)
fERUE R, R Tk R Tl fk A R ER
T LT R—FPF | a0 =R, AT A4
FEWRAE T BR . ZHTA FE R W] 3 2R S —LE
fifp 2T 2 R TR BRI BB S A T kBB R L
fitf(cellobiose phosphorylase, CBP)FIZT 4k Sk
1% 1.l (cellodextrin phosphorylase, CDP)!'')_ jx
PR IR Ak 1 B T OB K R i 94 K%
(glycoside hydrolase family 94, GH94), BeffifL ]
W BERR AL SN, [RIEEXT B-1,4 BT R A = R
(1hy T — U200 T T 2k S A 7 v B
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LA 4 5 4 - 1 -85 2 (glucose- 1 -phosphate, G-1-P)
A] UL i RERE B FR T i (sucrose phosphorylase, SP)
AL FERETS 2, Z )5 CBP #iiifk G-1-P i L8k
MR LI S AR G, e 4E 0, T CDP
REMSAE LT 4 R SEa 5 G-1-P i — R4,
ARG >3 WL HESERE(I8T 1), ANEF4E =8k
SRUEDURE . SRR TR AFYESPESER ) priAd
TR Z W YESERE R B JE 3-6), CDP [
RRNEE B G, P B A B A A
TR AR AR B 2k 10 AR 1 BT R R AR U R
FE 1Y, I FLTE 40 M N AN [R] 2 Y 25 11 Joa 22 [B] Y 3Rk
FEYEEA —E e, R, AR T PR
[Fi 18 S W% A R M T 36 2 W5 T ET AR S o e
AR FE Y, FRATTHE K AT 7 (Escherichia coli)
HhdtRik SP Al CBP, ##L 1 ™ 41 4 A0
tk COS 018 A rfE M mh b, Mg
SP-CBP-CDP —[if sR Iy 4= 4l B Ak 0], LA 44
BEFNRER N ) = 30 AT 4E S5m0 , [RIH Ak T
2 2 A AL SN AR DG 251 IR MR B S Lt
B RS ] b pH. ROV IR )
(RIS, Rl 40 SRR RN 5 B %) 2 W R e AR 2 o P
BE R Wk BZBRUUA T i sk, a0 T
97 o/L RIS LR eSS, HAifE 298 97%. F
M LR G 2-6)%F BAT UM 1Y 25 2E
R AE KA EEH . S BE L 25 A o (KR
. MRERAHE . 288 L SN AR 4t — W5 R 7xF
WE, SRR EE 2-6)] LU E AL UE T
7L #F 1 (Lactobacillus casel) . il T % 2L #F
(Lactobacillus parace) A K W& & FL # A
(Lactobacillus acidophilus) it Ak K , 1H & U AT B
J& (Bifidobacteria) i) & 4 W 7 £F 4k 5205 (R &
2-6) A K AF LR 2, AWIERI] T £F 4R SENk
CRE B 2-6)2—F i AL Z h ekt &9
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Figure 1

1 HE5x=

BRI AR FA B R
vl TE F RIBFFE E. coli Machl-T1 Phage
Resistant W4 [ b 50 1= 9 ] bR A= 9 56 R R4 A B
A RKikE ERGFFE E. coli BW25113, i
R Y 01, TREFLITF®I(WSH 004)., &1
FLFF B (WSH 005) . FERRZLFF B (WSH 006), K
WU FF 1 (Bifidobacterium longum, BL 01)f15%
KK pYBIs (8 pBAD JE 81 T Hl rrnB £ |-
B AR %= R AE, WEoR B B B bk S5
KL 1,
1.2 IR ER

o/ AR &L B EIBGR & . PCR
alifkik & . Cycle-Pure (CP)ZEfLiRH] &4 ) H

1.1

&: 010-64807509

SP, CBP and CDP phosphorylases convert glucose and sucrose into cello-oligosaccharide.

Omega A1), FRHIVENVIEG . =R E DNA K&
it F1 Gibson iR & H Vazyme Biotech 23 H],
Tt B 2 R RN B 114 F- b bRl Marker 1) [ 15 ME
() B A BR S F], DNA 40 TR ifE Marker
WA AR AP BRA L 51A RS R T 51
E VRV EYERRA RIS . WA, LR
Y e Y Y AN S IS e U Na sy o K e RN
H], EFUENE. SRYEDORE . SRR R4 SRR
PRUESHIE H TaKaRa AH] . GRS R0 (1553
Fri¥; fa3i%F: Aminex® HPX-42A (Bio-Rad /A 7]);
B R R 5i(Bio-Rad /2 7]); SDS-PAGE HLUKAY
(Bio-Rad A F]); AV E5.LoH1(Thermo 2 F]).
1.3 EFEMEREN

FhF R R IR 3 16 g/L R AR, 10 g/L
MERERERY), 5 o/l SALSN .
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* 1 AWMRPEAABRNEER

Table 1  Strains and plasmids used in this study

Strain or plasmid Description Source

Strains
Trans T1 Wild type This lab
BW25113 Wild type This lab
BASP BW25113 harboring pYB1s-BASP This study
CGCBP BW25113 harboring pYB1s-CGCBP This study
COS 01 BW25113 harboring pYB1s-CGCBP-BASP This study
COS 02 BW 25113 harboring pYB1s-BASP-CGCBP This study
Cc 01 BW25113 harboring pYB1s-CcCDP This study
RT 01 BW25113 harboring pYB1s-RTCDP This study
Ta 01 BW25113 harboring pYB1s-TaCDP This study

Plasmids
pYBIls Expression vector This lab
pYBI1s-BASP Containing SP gene from Bifidobacterium adolescentis This study
pYBI1s-CGCBP Containing CBP gene from Cellvibrio gilvus This study
pYB1s-CGCBP-BASP  Containing CBP gene from C. gilvus, and SP gene from B. adolescentis  This study
pYB1s-BASP-CGCBP  Containing SP gene from B. adolescentis, and CBP gene from C. gilvus  This study
pYB1s-CcCDP Containing CDP gene from Clostridium cellulosi This study
pYB1s-RTCDP Containing CDP gene from Ruminiclostridium thermocellum YM4 This study
pYB1s-TaCDP Containing CDP gene from Thermosipho africanus TCF52B This study

FFRER . ORI H IR B L 1% He i3
T 5 mL FFEE 3R (BB R W 50 pg/mL),
37°C. 220 r/min ¥ KK S 8 he

MRS }i 55 10 o/L M, 20 g/L #iZ
Wi, 5¢/L LFREN, 5 g/L A4-AKr, 4 g/L LR,
2 o/L R A 4T, 2 o/L AP BERR —4%, 0.2 g/L i
FREE, 0.05 /L Hiifk%h, 1 mL il 80,

PR NG AR . WP FIdE 1% el ph 2
100 mL & FEE SR b (BE 2 R 50 pg/mL),
37 °C, 220 r/min FEAEEFE 3 h, 24 ODgy 153
0.6-0.8 ZEATHF, A 2 g/L FIHi{AME, 25 °Cif
F 12 h, HREEHSE, WK T 4°C. 6000 r/min
250 10 min, 8 FIEH S T-20 °CIR I
1.4 EARNAEE

AR Hi R B B R 1k mE 2 X P 51 BASPPY
(GenBank #3%%5 . AF543301.1)i315[4) SP-F
1 SP-R, L5149 SP-F % 5" A Xho I i)

http://journals.im.ac.cn/cjben

f7 a5, TET 4 SP-R (1 5% /A EcoR I gl {i;
Mo ARYRLR 4 BB AR (LB IE M 51 CGCBPRY
(GenBank %355 : BAA28631.1)i¥i1514) CB-F
1 CB-R, #5519 CB-F 1Y 55/ A Xho I i)
i, FUF514 CB-R B 5% EcoR 1 ]
DAL o FRECTTEF 4E IR A0 I 0 M A R AL il
AR ECS 9 BC1 Fl BC2, 5|4 BC1 £1{ BASP
3% 20 bp [FEFS, 5149 BC2 447 CGCBP
i 20 bp [FE)FH1

R Hh £F 4t SEA B BR AL B 3L M7 51 TaCDPP!
(GenBank % 5 5 . CP001185.1), CcCdP™*”
(GenBank % 5% 5 : CDZ24361.1) , RTCDP
(GenBank &5 5 . BAB71818)¥¢i15[4) Ta-F Al
Ta-R. Cc-F fil Cc-R. RT-F 1 RT-R, {54

B SN Xho 1 EEYIN &5, TS 19009 5%
A EcoR I VI A5 (514 036 2), 5198 hEE
B4 PR A BRA F AR
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x2 AHRPEAANSIY
Table 2 Primers used in this study

Name Primer sequence (5'—3") Restriction site
SP-F GCCTGGTGCCGCGCGGCAGCCTCGAGAATTCGCGATCACGCACGCG Xho I
SP-R CAGCTGCAGACCGAGCTCACCGAATTCAATTTTCCGTCAGGCGACGA EcoR 1
CB-F GCCTGGTGCCGCGCGGCAGCCTCGAGCGCTATGGTCACTTCGACGA XhoI
CB-R CAGCTGCAGACCGAGCTCACCGAATTCCAACGACGGTTTCAGCGATG EcoR I
BCl1 CGCTGAAACCGTCGTTGAAGGAGATATACCATGAAAAACAAGGTGCAGC

BC2 GCTGCACCTTGTTTTTCATGGTATATCTCCTTCAACGACGGTTTCAGCG

Ta-F GCCTGGTGCCGCGCGGCAGCCTCGAGTTGAAAAAATTTGACTTTGT XhoI
Ta-R CAGCTGCAGACCGAGCTCACCGAATTCAAATAACATATAACTTCGTC EcoR 1
Cc-F GCCTGGTGCCGCGCGGCAGCCTCGAGATGATAACAAAAGTAACTCC Xho I
Cc-R CAGCTGCAGACCGAGCTCACCGAATTCTTTACCGCCGGTTTCTTTCA EcoR I
RT-F GCCTGGTGCCGCGCGGCAGCCTCGAGATGATTACTAAAGTAACAGC Xho I
RT-R AGCTGCAGACCGAGCTCACCGAATTCTTATTTAAACTTAAGAGTCA EcoR I

Restriction sites are underlined.

g5l UL E B W FF T (Bifidobacterium
adolescentis) , £ YR (Cellvibrio) , Ak Mg #E
4 (Thermosipho africanus TCF52B), £F4E Z Ak
ZEMIAT I (Clostridium cellulosi), Fg#WRI H AT
(Ruminiclostridium thermocellum YM4)#) 4= 3L K]
P A e, #H4T PCR P 44525 K A Bt
BASP, CGCBP, TaCDP, CcCDP, RTCDP, #;
AR pYB1s JH Xho I il EcoR T X755 4%
&R B, RIS F B8R A R i 7 =X
AT RIS aliAl B ARAR B B S AR R Bk
H Gibson assembly il G i1, 153 HA
Jii ki pYBIs-BASP . pYBIs-CGCBP . pYBIs-
CGCBP-BASP . pYBI1s-CcCDP. pYBIls-TaCDP
1 pYB1s-RTCDP, -4 1 1 5 20 Bk 53 51 4% A
Kk E. coli Trans-T1 B S4iMid, E8
B R (BERERE 50 pg/mL)PibErg AR E ik
EBCIH M B A T P S, T B S 3R A
2 Bk .
1.5 AHESEENEDERKLLEL

PSR E A TR pYB1s-CGCBP-BASP .
pYB1s-CcCDP . pYB1s-TaCDP Fl pYB1s-RTCDP
oy il A B E E KA E. coli BW25113

&: 010-64807509

o, fEE A AE YRR, S Rildr 4 COS
01, RT 01, Ta 01, Cc 01, KT XFLt 3 Fl CDP
BRI PE, Rt 3 A Sk il

J7% 1(COS 01+Cc 01): BB FLE R AT
COS 01=10 OD/mL (ODgq), Cc 01=5 OD/mL
(ODg00) » BEBR FIEWE T-20 °CIR1E .

)% 2 (COS 01+Ta 01): BUA LR HEH
COS 01=10 OD/mL (ODyg), Ta 01=5 OD/mL
(ODgoo), BOEBE PG T-20 °CLREAE S

J7%& 3 (COS O14RT 01): BUAS45 R AT 4H
& COS 01=10 OD/mL (ODgg), RT 01=5 OD/mL
(ODgoo), &5:0ZBk FIEWIE T-20 °CIR1F -

A2 EAE AL SN 5 A AR AL . PRI (i
R REMD L) 0.4:1, 0.6:1, 0.8:1. 1:1, Mg
P pH R 6.0, 6.5, 7.0, 7.5, 8.0, X
NEELEE SR 30 °CL 40 °C, 50 °C. 60 °C. 70 °C,
W 44 A7) COS 01 AYAE 44 (ODeggo)
10 OD/mL, Cc 01 HJ4=4) 5 (ODgoo)IX B4 3. 4.
5.6. 7. 80D/mL, PLAbscse ¥ 12 hy

e RS, BT HA YA e 5 mEsh,
I CAFAER =) A, DL 5% B 0 8 2 AR T

FRAE SOV ZR s S I 7 ) S g% B )

B<: cjb@im.ac.cn
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(R 25 W R R ) P 30 o e B R b A T 2B, DA
alifb 2T AESEME . PRI IELE Y 01 FE TSR
YPD [EfREEFR3E F i TRI4k, 30 °CAFTHIE
HiF% 24 ho Z R PR e AR AR B JCHUE 5 mL
WK YPD B35, 30 °C. 220 r/min $R 7% 55
7% 24 ho DL 1%4%R0 %4258 50 mL YPD
) 250 mL P4AFE H, 30 °C. 220 r/min k3%
B5F9% 24 h, 24 h 5 6 000 r/min &5.0> 15 min YL
LR, B EIERAE 90 °CHUKIAH ALFE 5 min,
6 000 r/min #.0> 10 min ZZpRZ4E A, SR04
LAk £F e SRR B VW K SRR G W T
—fEE AR BRI EERE Y 01 Wb A, 2
Vi 24 h J&§ 5000 r/min #5.0> 10 min, K15 SEHHA
W, 2 S5 SRR BT, X5 T 4 SEME R 7 A 20
MRS UEA TN 7

FRUEF T (A B, SERRR O AAZE 70 °C,
IATEPESERS K (4 g/L), InHGEFEALBE 45 min,
58 €60 45 o R P BL s S A TR 23 W) R BRI
PRI A, A5 20 0 SRRV VORI TRV 119 DS T
(IRFREL 1:9)FE, 4 °CIEF LA, 5000 r/min &5
O 10 min WEETTIEY) . SRJG ATV VR TR 15
FYESEMECRGTE 2-6)7 o
1.6 FHERERRN

fif LB A S RO AR 575 (high performance
liquid chromatography, HPLC)X 4= 4l fg 44k 2 1vi
FEYIET HESENE A AR AN R e SR v
PEFTINE o 420 Ak s 1y 00 J B 3,
FE KRS 50 %, R 0.22 um A UEHE S
PEES, EFEE 10 L. EFEFEA Aminex®
HPX-42A, (300 mmx7.8 mm), EiG&anT .
TN R 5B FKCGEDE 10 min, fhiEalBE,
A HEA 30 min); #EIR 80 °C; % A 0.5 mL/min;
R 00 BF ] 25 min G R 22 47 6 A I
(refractive index detector, RID)#EA 74, K F
MR 25 il o R 2 X AR S AR R R IR

http://journals.im.ac.cn/cjben

AT f 50T o AR il i o il el
I FRANT
M. y=112 174x%-2 632.6, R?=0.998 4;
FBE. y=520 024x-2 597.7, R=0.999 9;
HEME . y=158 697x+2 179.8, R?=0.999 4;
LT 4E —HE . y=196 890x-2 327.9, R=0.999 6;
R4 =W y=59 206x+764.4, R=0.999 5;
LTAEDURE . y=167 452%-1 232.4, R=0.999 8;
YT y=129 073%5 611.8, R=0.994 5;
L YESHE . y=137 947%-5 290, R==0.995 6.,
1.7 AHEERRFZEFEKBMEEITN
H5—80 °CLR L 1 WU A B (BL 01) |, T & FL
FFE(WSH 004). &lTHFLFE(WSH 005). g
iR FLFF B (WSH 006)7E [5 /& MRS A _E i 17116
b, 7E 37 °C RSG5 24-48 h, 25, TEEAD
MRS i FHREC 1 AR TERE, $ 5% MRS ik
Brarder, 37 oC JRAEHEFR 24 ho (ETCH 96 fL
B InA 25 pL WP A 4 ODgoo/mL),
135 uL MRS };FEIEF 40 pl 2 b/ 5 b
(50 mg/mL)IRIR A, (R4 BE(PHIEXS I) . &F
Y ZRE AR (LT 4R 200 . IRRAKE . IR
BRI 46 B0 ) A 155 57 05 A e 29k ) 10 mg/mL,
FEWRAAR 7 INATC R 8™ i e s, 4 96 AL
MR AE 37 °C K Fet v, ARl v Al %) 2R TR
TE 24-48 h PN T ICH W0 S T AR Y WO B
(ODsoo), AT HIINE SEIR 34361 T 3 YA T4

2 BER540

2.1 WHERCEEMRIFERIA

SP ML REME R TCHLEE A= B G-1-P A1,
CBP fEft G-1-P 5 ZMELR G A UL 4E —hE A
JCHLBE, CDP LLEF 4 SEREAE i sz ik,
G-1-P FF AR E2 I LR m R A
JEE 2T 4 SENE IR R TOMLEE o & RERE IR 1L
it T A W B TR A0 1 KA FF P T ik BASP



S8 /S ERER IA HAES A A KO

CGCBP ) SDS-PAGE & [1HLyk i W&l 2A Jir
/N, BASP. CGCBP HH4TH5IH0 604,
85.4 kDa. 75 £ AEZENEWEIR (LI 0 K AT T T ik
CcCDP., RTCDP, TaCDP f#) SDS-PAGE & [ 1,
Yk EE e 2B s, CcCDP, RTCDP, TaCDP
B TR0 112.1, 108.4. 98.5 kDa (¥4
A His-Tag).
22 =MAEEHAEELERIELE
TEZ R F IR P, T Ccos o1
BASP il CGCBP P~ JE K 7 A oI %o &1
Y Wl R 3 e UL T 4 A0 A AL
AR 1R IAE BL AT LAE A 4 i 4k 7] COS 01
rh AR AL i 1 R R IR T COS 02 B4,
ARATEF Y — () = it o] AR, & kL
pYB1s-CGCBP-BASP Y T-#[# COS 01 A
5tk pYB1s-BASP-CGCBP ) T2 COS 02 j~
AT LR 4E S, IERE COS 01 fE A

2 =ThiER{LERAY SDS-PAGE 734

5T A de R fE LR . HUZ COS 02 Hhef4E—
W04 77 AT AT 2 2 1 oL 7 e AR A R
Pr&IE A 1 AL TR A, 30T WS T R
%, X FALEEAAR [ 2 D E ZA I AL E
AN S5 B S o R, 2 2 Bl R — o
T [ S v A e 78 - S S i3] 105 2

S AR COS 01 (BW 25113/pYBls-
CGCBP-BASP) SDS-PAGE 43 #1 (I8 3A), HHEE
M HL UK K A LA Y CGCBP H1 BASP (1) 0] %1t 2%
RBLAT . AR A AL RN ), 7SR 1 (COS
01+Cc OAHEL % 2 (COS 01+Ta O ZE 3
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Figure 2 SDS-PAGE analysis of three phosphorylases. A: SDS-PAGE analysis of recombinant E. coli. Lane M:
Protein marker; Lane 1: Control E. coli BW 25113; Lane 2: Soluble extract of E. coli expressing BASP; Lane 3:
Insoluble extract of E. coli expressing BASP; Lane 4: Soluble extract of E. coli expressing CGCBP; Lane 5:
Insoluble extract of E. coli expressing CGCBP. B: SDS-PAGE analysis of recombinant E. coli. Lane M: Protein
marker; Lane 1: Control E. coli BW 25113; Lane 2: Soluble extract of E. coli expressing CcCDP; Lane 3:
Insoluble extract of E. coli expressing CcCDP; Lane 4: Soluble extract of E. coli expressing RTCDP; Lane 5:
Insoluble extract of E. coli expressing RTCDP; Lane 6: Soluble extract of E. coli expressing TaCDP; Lane 7:

Insoluble extract of E. coli expressing TaCDP.
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Figure 3 Selection of three different whole cell catalytic systems. A: SDS-PAGE analysis of COS 01. Lane M:
Protein marker; Lane 1: Control E. coli BW 25113; Lane 2: Soluble extract of CGBA; Lane 3: Insoluble extract
of CGBA. B: Cello-oligosaccharide production from sucrose and glucose by using strategy 1, 2, and 3.
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Figure 4 Optimization of whole cell catalytic reaction conditions. Effect of concentration ratio of sucrose and
glucose. A: Reaction pH. B: Reaction temperature. C: The ratio of two phosphorylases. D: On

cello-oligosaccharide production.
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Figure 5 Efficient synthesis and purification of cello-oligosaccharides. A: Production of each oligosaccharide
in a large volume reaction. B: Comparison of the cello-oligosaccharide before and after purification by HPLC.
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Figure 6 Effect of different prebiotics on the growth of probiotic strains. A: Lactobacillus casei. B:
Lactobacillus acidophilus. C: Lactobacillus paracasei. D: Bifidobacterium longum. The background color of
the medium was removed and the growth curve was normalized. All the measurements were carried out in

triplicate.
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