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Design and Activity Assay of 1,3—Galactosyltransferase (CgtB) Mutants from
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(School of Basic Medical Sciences, Hubei University of Science and Technology, Xianning 437100, China)

Abstract: S1,3-galactosyltransferase (CgtB) from bacterium Campylobacter jejuni is mainly
responsible for the second elongation of proteins O-glycosylation by transferring a galactose to
O-linked N-acetylgalacosamine (O-GalNAc). Presently, CgtB has been widely applied in the
synthesis of O-glycoproteins. To develop a recognition tool for O-GalNAc modification, the CgtB
protein was used for mutant design. Cgtl was generated by deleting 30 amino acids from both the N-
and C-terminal regions at the gene level. Cgtl was constructed in pMal—c5x expression plasmid and
expressed in the Escherichia coli. The soluble Cgtl was purified by affinity chromatography with
maltose binding protein (MBP) column and the activity assay was carried out by glycan binding
activity. The results suggested that the soluble recombinant Cgtl with the molecular weight of
approximately 70 000 could be successfully expressed in the system of Escherichia coli. The
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recombinant Cgtl possessed the activity of binding O-GalNAc modified proteins. For different

standard glycoproteins, Cgtl only recognized mucin containing O-GalNAc modification. For

complex cellular samples, Cgtl could specifically recognize intracellular O-GalNAc modification.

The developed recognition tool for O-GalNAc modification in this research will provide a foundation
for further research on the function of O-GalNAc modification.
Keywords: 1,3-Galactosyltransferase, N-acetylgalactosamine, prokaryotic expression, O-GalNAc

modification
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1 #il57E

1.1 #REF

111 Hk Rk pMa—c5 x kL 5 FE
# DHSa F1Z 5 # BL21(DE3) . W T 2R E Y
NI 7 B i & S RS e il Y S BE e 7 /N
B LB BF 7R3 WERERY 5 o/L, B IR 10 /L, &AL 4N
10 o/L; LA 35358 3 B bE#G 5 /L, R A R 10 o/L, &
a0 10 o/L, BAEH 20 o/L, 121 CH EZ& XK E
20 min J5 £,

112 E£&Z&XA Ak Taq DNA B4 IR H
¥ B8 P VI Ndel Al EcoR I \DNA Ligation Kit, %
KRR MBP ZEATH RO IR LYk TR
= RAEDFARA W % B 5E i R-250 YLk T
Biosharp; #uy EPI & K2 ELISA Jif oA . W F
Proteintech .

1.2 Ak

121 CgiB £ E4k Catl #9&#EF % Bk CaB
1) C i 25 B 30 N2 KRR, PRI CetB 9 N o A BR
30 ANEIEFR Rl Catl o w0t i JE P 91 fh A= TAE 9
AR (i) ety A BR A W5

122 Cgtl R T4k A 69K A& 3 2Rk & AK
pMal—c5x 09 3 Bdn  LISGE B Cgtl 2B R A L
SRR G AR AT 3G 1 o/dL B i B B i i Tk
HLE 140 V, HL3K 15 min, [EISCY 3609 H A 3L R R
Bt Cutsmart Buffer 5 pL,pMal—c5x JFkL 3 g, Bl
YER R N VI Nde 1 A1 EcoR T 4% 2 pL, #b ddH,0
% 50 pL,37 CAAEFY] 30 min, 28 1 o/dL Bl it
JiE R K T

123 F A K4 pMal-c5x-Cgtl #h % 9 & LU
10 pL DNA JC&%3% #5203 wL Cgrl FEPR P14 B
1 pL pMal—c5x BORL W EG Y1741, #h 6 WL ddH,0 %
20 pL K & ,50 °C .20 min JC 4% % $% 15 & 4 IOk
pMal—c5x—Cgt 1, F 2 ORI B 1S ULIE 1, B 10 plL &
H L pMal—c5x—Cgt] % A 50 L 1) DH5a 32 25
AP, VK 30 min, 42 CHE 1 min, 1A 1 mL
LB £33 37 CH: 5% 1 h,3 000 r/min &> 1 min,
BUF 2 100 wL i TR N FE R Pk, i
KRR PR A B V% ,37 CHE 3% 9 h 5 A PCR #I25
B E  J5 SR AT SR )0 — P g BRH A R R
REGFRAREUTORL , B BT 48 J50RE 7% £k 31 3R 35 T BL21
(DE3) ",

PpMAI-5x-Cgtl

EcoR 1
1 Z|ARK pMal-c5x-Cgtl KR AL E &
Fig. 1 Plasmid profile of the recombinant plasmid pMal-
c5x-Cgtl

124 Cgtl 90 255 W Cgtl AR T 1 mL
LB #5837 CY REE5%, BEELL 1:100 W L
B %% AF) 10 mL LB ¥ F A rh [ 37 CH RIEF* 2.5
h, 2 OD {E ik % 5 B 0.6~1.0, 2k J5 il A TPTG fif
HAHE N 1 mmol/L, 16 °C 160 r/min % F 12 h,
FT 12 000 r/min B0 1 min, 5 B, 1 mL
PBS 2% sl ARSI UIVE . B IEE T 4 °C,
12 000 r/min &> 20 min,

1.2.5 Cgtl #9 k& Rk A st BPHME BB AE 1
mlL LB ¥ FR i ey KB 9%, L 1:100 K L 5%
AF 10 mL LB 33538 7 h, MiFHAZI 1L
1) LB 3G 9 KRG 9229 2.5 h fi OD {E ik 2%}
BAIRN 0.6~1.0, 25 A IPTG i 24 4 1 mmol/L,
16 C 160 r/min 55 12 h ¥ 1 L =W T 4 000 r/min
B0 20 min, 2 F3EW, 40 mL 0.01 mol/L. MBP
2% WP (20 mmol/L Tris—HCI, 200 mmol/L NaCl,
1 mmol/L EDTA, pH 7.4)¥ivE HEIRS) . M5
e, Tk 200 W, BERE 10 s, 15 10 s, 35 90 ¥, W%
SEEEJEF 12 000 r/min # 0 20 min, W LG T
EEAFE S, 0.45 pm JERERR L RNEY . AT
5 H1 MBP 22 o F- 46 4 (1) MBP 2% Fl2 B 4 3t
oM 1 ml/min, EFRESERUS , H MBP 2% vh i 8 25 F
SR SE A R 2 B T, B AR R IS
ANEAEAL, KRATE 1 h, e H 50 mmol/L 22 2 B it
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1) NaHCO,) 73 514 i 8 1 (% A O-GalNAc &1,
PL O—3E W31k ), Transferrin (% N-
Glycans) brERE 8 H# B2 10 pg/mL, &1L 100 pL,
4 CHt R, W, MRS %0.1%11
PBST (PBS £ #h i ,0.1% ) Tween 20) ¥E % 3
W, M3 gdL ¥ BSA = E M 1 h,PBST ¥E¥% 3
W, TR E R E N 20 we/mL A Cgtl 8784
B RN, EWBEE 1 h, J PBST ¥E% 5 Wk, BEJE
R E BUJR MBP —¥HT(1:1 000)1 h, #£% 5 e
FIRFE LY P (1:5 000) 1 h,PBST ¥4 5 %,
B FL A 100 WL TMB 52 1 3 38 56 & €2 ,30 min
JE A 100 pL.1 mmol/L $HARZ 1k I iy, FHEEARAY
K B FLAE 450 nm AR GIE .

1.2.7 Cgtl *F %8 j ¥ O-GalNAc 154564 % & 43
T ME 25 P ZH A [R) A9 HeLa A0 HepG2 20 B AR 5 TR)
HIFE I3+ T 10 o/dL SDS-PAGE %3 # , £ Marker fY
10 000 Z& 77 322 3T MRS & B 455 1k FRLUR T 4R % I =
PVDF f 1,5 o/dL () BSA ZEiR&H 1 h, —H =R
E 2 we/mL Cetl 8 A BE R ; 5 — A= EIEE 2
IR A ER 1 h 9 2 wg/mL Cgtl % & Al 50
mmol/L N—Z, Bt2f= FL B A9 1R &AW 1 b, BV 4]
R VR TERME BIE GST —41(1:2 000)
1 h, B e 2 00 B R o SR A A Bl b i 1 S B B
PL(1:5 000)1 h, B2 R N5, % 85

| 2 =55 I

2.1 Cgtl REFPHEEKE S

pdE MR IR KB CatB C ¥ 30 4
SR . KAERFF R I, AN BRI CatB (19 N 3 i
108 AR i BE R ST, P REJE AL UDP—2 2L B 1
ZEG LA, LA R T 9878 CotB 1 4 Ak 16 6 K
CgtB (C ¥ 2 MR 30 D2 FE/R) 1 N 3 2 5k 30
ANEIERREN A Catl , it 2k LIE 2,

N AC(C-30aa)

CgtB I
Cetl(N-3020) (I

CetB C 3 2 2B 30 A AR, K N 3 25 Bk 30 %R
J5ih Cgtl,

JEHTHE R ddH0 Yk 5 1

B2 CgtB KBS HK L
Fig. 2 Transforming strategy of CgtB

22 Cgtl REGERFY R pMal-c5x R W
IS

DAL LR Carl DK P B VE AR Y 18 B B 3%
Vi 3 PCR ¥ B4 7= 428 1 g/dL W B B AR
LUK BGIE , WL 3. 76 800 bp Bbiz 445 B 4671, 5
MO R H A FE R /N 753 bp A — B0 F XU ) R
7 Wy 5 ) ET Y BURLZR 1 o/d L Ba B U IR R Yk
Xif 25 SR UL 4, nT UL SR D) IS B JBORE A 3 AR AR
B 1 Sk, I BLEEYIRG G 400 KA BB 25 5 1
B pMal—c5x RHETI AL

bp M 1 2 3

1 000,
500
300

M:DL5000;1.2.3:Cgt] PCR §"$7=4)
3 Cgtl REHPCR EE Y15
Fig. 3 Gene PCR amplification of Cgtl mutant

1 WU V) IR A SR 5 2. LT DD R A JBORY
4 pMal—c5x L E) N EGY]
Fig. 4 Double enzyme digestion of pMal—c5x plasmid

23 EARMENLEH PCR EIE

e T 20 JBORE e AL 2 5 B TR DHSoc S, BEBIL 3R I
2 A RE VA AE | mL LB B B G 329K, 9 h
Ja LA 1 pl AR MBI 61T PCR BIE , 1 ¢/dL By
JE B GRE JEE L UK 5 SR IR 5, AT UL 2 A B T B TR 7 Y
£ 800 bp &4 A WL 2541, 15 WU K/ — 2, w28
FW oA B BOZ TR WBIE— 28 Iy Bk, P51 2
TR, I,
24 Cgtl REFHRER 4L

BRGS0 BHPE R LW A PTG D875 2 1Y
PR TR B35 W45 400 WL, 2 11 5T il 522 ) A (R
PihdR,V semusV wwtV wn o 4:4:1), 4 SDS-PAGE
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B 5 pMal-c5x-Cgtl EH R R E R PCR Wik
Fig. 5 PCR validation for pMal—c5x —Cgtl recombinant

plasmid system
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A e g fa 25 LA 6(a), Cgtl AT EEMESR
ik Bl G KRS Cotl B 0T R R 00 28 1 R
A1 MBP 5% F1J2 B7 A 2040 i 45 210 19 2 ASFE 5 ED 50
mmol/L & ZE M 1) PRV L %F TR, 45 BL 200 WL 43 5]
AT A TR IR (P EEEDTHER V gomntV ww
Vo h 4:4:1), 58S SRR S 9 UTE R A 28 SDS-
PAGE F12% Shilr ek e to 25 UL 6(b), nl WL H i)
EH R Cgtl &4 T 50 mol/L 22 25 B By Bk i i | 4%
4l P R e, NN K/ (70 000)—%k, I PBS K&
ARSI W E i, EBUE RIS Catl B
AW E N 0.5 mg/mlL,

M S F E P

70 000

55000

40 000

35000

S: WG R F: S0 E: 50 mmol/LAZ ZEHEIN UL ;

S: IR
(a) CgtlIPTG/VHEES:

P: PSS ITE.

(b) Cgtli&lifk

B 6 Cgtl WRES5H4L
Fig. 6 Expression and purification of Cgtl

2.5 Cgtl 8 ELISA &40

Cgt] 19 ELISA #0025 3% WK 7, 45 R B, Cgtl
REHE 5745 & 0-GalNAc M ) mucin FrifEREE F,
M X BSA I A N—i&E % B3 AL 1Y Transferrin B #%
BREPRAS G, AR Catl - O-
GalNAc 45 G161

ELISA
0.8
By oy
- 0.6 Transferrin: ¢ : :J N-Glycans
@)
o 04 Mucin: e i
© (2], %« 5. O-Glycans
0.2
0
& g,?" S [JcaiNAc QO Gal IlGIcNAc @ NeusAc < Fucose (@ Man
‘b\(b S Qg@é @00
<&

B7 Cgtl SRREEEBMES
Fig. 7 Bindings profiles of Cgtl to different glycoproteins

26 Cgtl XAEMEAAFH O-GalNAc EIHEE

Cgt1 VE A BE R T2 0 fo g B3 45 L DL 1AL 8,
TE HepG2 Fll Hela % 2% /M98 4 JL A & v, Cgt 1 3758
HFE K O-GalNAc B {55, %45 AL Cgtl B
A O0-GalNAc B %S A 16 .

THFLT Y0,
H AT GalNAcE ]

FW: MBP-Cgtl
e RG] GalNAcE ]

v 2 v v
@ Q@Q%Qy > Q@QOQ@\) » QQQ%&\) » Q@QGQ@\?

Fig. 8 O -GalNAc modification in different tumor cells
identified by Cgtl
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BEE BB S S0 UER Catl PR T AL

AR A3 i i CatB MEN, R AF Hifi b 0-GalNAc B4 4h A 16, I Hool DUVE R % 5] 0-

TEPERL L, DRE RS & 07l , SCB T H AR GalNAc &1 %22 T H 3 4F O-GalNAc &4 (1 if
Cetl 76K p iy K i3k MBP 2% 12 7 A 4l GERE] TR WS VE R .
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