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Identification of deamidation modification of B-catenin in
colorectal cancer cell lines*

Xiang Yuan-chu', Liao Yu-jie’, Chen Jie', Shen Yi-Lun’, Li Hu', Peng Jian'
(1. Department of Geriatric Surgery, Xiangya Hospital, Central South University, Changsha, Hunan 410008,
China; 2. School of Life Sciences, Central South University, Changsha, Hunan 410013, China)

Abstract: Objective To identify the deamidation modification of P -catenin and related deamidases in
colorectal cancer cell lines. Methods The two-dimensional electrophoresis combined with the deamidation
inhibitor 6-Diazo-5-oxo-L-norleucine (DON) was applied to determine the presence of deamidation modification of
endogenous B-catenin. The candidate deamidases were screened out by -catenin purification and mass spectrometry
analysis. The interaction between the candidate deamidases and -catenin was detected by co-immunoprecipitation
(co-IP). Results Two-dimensional electrophoresis verified that B-catenin protein exhibited deamidation modification
in colorectal cancer cell lines HCT116. The pEE14.4- 3 -catenin plasmid was constructed and expressed in cells
successfully. Protein purification combined with mass spectrometry analysis found that CAD was a candidate
deamidase, and co-IP further confirmed the interaction between CAD and endogenous B-catenin. Conclusions 3
-catenin could be modified via deamidation in colorectal cancer cell lines, where CAD represents possibly the key
deamidase responsible for this modification.
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LI 9 R 99 A BT AT 1) 2 98 0 h 6 51 58 3 46
(10.0%) , W FEH TR 247 (9.4% ) . T4 EH MR
N I N N = N 1797 Nl S B o
SEPESR TR R R 2 B, i — 2P
I 4s e KR R R Gy FHLH, S 45
FRER BT IR T S S S bR R L

8 3t 80% 4% H W i 5 Wnt/B —catenin {5 53l #
S B P MR R Wit/B —catenin {5 5 18 [
B TE 43 F 19 B —catenin 111152 B B IR 1k 12 &
b BERAL AL AL AR 2 R R A R B SR
R U N I WUN S F N =R 4 PO N2 S
PRIIReA & A AT ZAVE -

A & Wt M B 2 4 M8 (carbamoyl-phosphate
synthetase 2,
dihydroorotase, CAD ) 52 — > HA £ Fl T g 19 fi 1k =
A, ph 2 IR R S I 2 3 R AR R A LR
Fo W I J — A FLBERE 3L IL R 40 A . CAD B
A5 I IV e 7% T 45 e 1, 8 A 1 2 10 0 A O T i
b, BB CAD BT Ry — 0 6 Ik e fL i . Ttk , 28
R BRI 45 W 9 40 M h CAD 5 Wnt/B —catenin
WA IRIE AT .

1 RS

LS F

45 1 06 40 M 2R HCT116 il v g K 2p 2 B2
2 e B B B LR ARG . DMEM B % 3k iR 4
Ifi. 7% (fetal bovine serum, FBS) . JiE & 14 i 74 1k ik ( 35
[ Gibco A 7)) , 5% % % 1R A W ( 3¢ [F Hyclone 23
H]), CAD Hifk (F 5. 16617-1-AP, BRI = 18 1 Y4
RABRL AL, B-catenin FLAK (H5- : ah223075 , e [7]
Abcam 23 ] ) , Tubulin 47T 1A (% 5 : 3873, 3 [§ Cell
Signaling Technology 2% w ) , 14 5 AU fk 2% & Ot 1k 7
(enhanced chemiluminescence, ECL) i 7| & ( & 5 .
42029053, 3 [ Millipore 23 & ) , HRP % 3t 1eG $i 14
(BI5 . A0216, HIGHE = RAEYHEARAGRAA),
HRP BT 1gG HLAR (B 5 . A0208, | i 28 7 KA 1 4%
ARABRA ), e 3% VT YE (co—immunoprecipitation,
co—IP) ik 7] & (%15 . 26149, £ [H Pierce 23 7)) , PEI
YR F) & (85 . P3143, 5 [H Sigma 23 7] ) , TRIzol

aspartate  transcarbamylase  and

1.1

7 & (A5 . R401-01, Fg 5% 15 ME P8 A= W B 45 I 4y
FPRA ], 37 S5 K 58 e it RT-PCR il 7
& (TR MBEN YRR R A A
1.2 ZHRELEFR SRS

45 1 1 98 40 B & HCT116 ‘& T % 10% FBS 1Y
DMEM 35 3% 3 vh | 7 37 °C 5% — A ALRR CO, i iR 55
T . S MR PELRE YL i) £ U B 1504 45 B 95 40 e
Z LY pEE14.4—Flag—CAD , 24 h J5 Wi 58 75 4y 40 o 46
W CAD BB NG YL BRI AT R — 20 5250
1.3 FHik
1.3.1 Atzsie  BEE Y Flag—B—catenin oig A ESS
L 95 AL 32 HCT116 1y 44 4 Flag— B —catenin 41 , &
T YL 1) 1 24 A Vector 41 o ¥ Flag— B —catenin 4]
(10 em dish £ 60 %, % 94 J5 36 ~ 48 h WA ) HI 1 x
PBS AT, e B2 i B0 4 T, 4 °C .3 000 1/min B 0>
5 min, 7 VW, BUAHBLIN A 1% NP-40+1% cocktail
[ 1 x lysis buffer 24 fif , i€ 5% #% K I €% 45 min, %¢
fRE5 IS 4 °C .12 000 /min 550> 20 min, 15 W
10 L 7 A 4 4t R 2R A T, H LA b T i Wi 4 31
() EP & o, £ A 2 ~ 3 wL Flag beads, 4 C &4 F
JE 5% B R AT 0 o 5 26 AN it 24 M V1) EP 45 UL
4 °C .12 000 r/min £5.0> 20 min, B 10 wL |35 WAFE K
Flow through, % # % 4% FIiE W . KA .00 Flag
beads W5 £ [f]— A~ EP 45 7, 1 mL 1 x Lysis buffer ji
Ve Flag beads 3 K, 15 min/¥X , 4 °C .3 000 r/min & .0
5 min ¥ 4 Beads , W B Lysis buffer, fil A Flag beads —
5 14 FR Y Tris—Hel (pH 3.0) ¥E W H A9 & A, BE M
33K, 10 min/AX , £ 36 B H Tris—Hel (pH 9.0)
Ao ISR e BV B ok 25 LA, -80 C A& R
W WA 9 R AR AR A 26 1R U R B B A A A | E
A7 B 73 A o
1.32  Western blotting # M| B —catenin & & 4 §¢
48 h JE AL A M AR A, $R U4 LS AR L BCA 50 5
R E , SDS-PAGE LIk, # I A )5 L 4 C &A%
TWFE i 8, A P H ECL &t &6
AR, B-actin A NS, 45 B8 i3 IMAGE J 8 44 1E
TTIREE 53 # 4 B S S WS E M L EAE N H
(14 28 A X ek
133 co—IP S FHE co-TP 35 £ i W 45 i 4k
FEAREE M. B A Flag br 2 (1) 318 % Beads il A 41

ML ZLf# Y, 4 CHEE 7%, 2 000 r/min 20> 3 min, 3
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MRS, 55 . 45 IR NI B—catenin & P BEA AL B (10 SC B0 AT 5E

RIE W, PBS MR 3 U, AR ik 2 UK, SRS HTAR
ZAY N 1 REGE wR, SDS-PAGE Ha Uik , % i & 41
J5i 4T Western blotting
134 =Zewi iy fE6fLAP I FRAS HInE
240 it 22 HCT116 , o FH 58 Pt i e 40 74 77) 6 i 20 k-5
AR -L-1F 2= & 2 ( 6-diazo—5—oxo—L—norleucine, Don)
Aab B 43 2 ) Esf S 0 400 A 590 6 240 B PBS i ik
JaEE > 8 h, A4 MLFE & o A Rehydration Buffer
S 240 LA ot 1 A% B 4 B KRR o BB Don (1)
240 MO A DAy Ak B, TS AT Don B 20 AT A X B4
1.4 FitFEHE

B o3 B R 1 SPSS 11.5 Ge it # ik . i 9okt
AR « ARl 25 (x +5) RoR , OB ¢ K 30 sy 22
SN L BE— 2 P LB LSD— A 5 . P <0.05 2 25
ARG E L

2 #R
2.1 5MEME B-catenin B B I EFLER 4L

Flag— B —catenin 2 | Vector ZH Flag & [ 4 % 3 ik
54 (0.621 0.007) (2,401 = 0.006) , 2 ¢ Ky, 2
SHGH A X (1 =81.660, P=0.000) ; Flag—B—catenin
4 Flag 5 FIARXT ik i 5 T Vector 4. WLIE 1,

1 2

42 kD

B—catenin

1:Vector 4 ; 2: Flag—B—catenin 21 .

BE1 Flag-p-catenin E& BB ZRE HCT116 REIRIE

Sk U UE TR Y 3K | K pEE14.4-Flag— B —catenin
I3 5135 0.0,0.1.,0.3 F10.9 g 15 18 55 Y 25 1 i 95 40 Jfd
% HCT116, F W B 41 Mg 7 17 Western blotting, 0.0,
0.1.0.3 F10.9 wg TR YL it (1) B—catenin & [ AH X 3
ik 9k (0.465+0.043) . (0473+£0.012)
(0.482+0.015) . (0.842 £ 0.003) , £ )7 255307 , Z 7 A
Yi it 7 L (F =119.000, P =0.000) ;0.9 g Ji 5 4y
i 1) B—catenin 2 X R IA 55 T°0.0.0.1 F10.3 pg
kLG it (P <0.05) , R ORI A AT . LA 2,

B G 30 4~ 10 em Dish 19 45 B i 96 40 i &
HCT116 BEATWCRE . 4lifk, R Western blotting 55 UF
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FORE Y bt/ g
El2 Flag—p—catenin £ & HiAEME &
HCT116 EJRIX

i RCR . KA E . 1P )5 VST . Beads
VERL I . Beads #1543 5% 4= %8 FH Loading W 45 25 (1 DL 56
WE TP AR (WK 3), )5 H 0.25% pEE14.4-Flag-
B —catenin F [ FF i P8 B0 VR E AT R e O 2 St 4lifb 2R
H (WK 4), HE53 214 wg pEE14.4-Flag-B -
catenin 7K FARE A &

1 2 3 4 5 6

1:WCL; 2:FT; 3:Elutionl ; 4:Elution2; 5:Elution3; 6:Beads.
3 IPXEIGIE

100 kD
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1:Elutionl; 2:Elution2; 3:Elution3; 4:BSA 10 ng; 5: BSA 30 ng;
6:BSA 100 ng,
B4 HCT1165RLLER
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S5 10 TG R i AT pEE14.4-Flag— 3 —catenin = H a1k
SCG I 245 ) 8 VR B (£ 35 B —catenin £
K S5 HEMEAERMER), S T —Fnl g

5 B—catenin 25 [1 77 A A B A FH A9 15 38 8 11 CAD (it
T 45 R b CAD # KN ) 2 R Z K55 ) LA B-
catenin & A= It Bk i Ak 0 45 358 il & AEAVE &

p-catenin (2346bp.781aa) :
MATEADLMELDMAMEPDRKAAVSHWQQQSYLDSGIHSGATTTAPSLSGKGN
PEEEDVDTSQVLYEWEQGFSQSFTQEQVADIDGQYAMTRAQRVRAAMFPETL
DEGMBIPSTOFDAAHPTNVQRLAEPSQMLKHAVVNLINY ODDAELATRAIPEL
TKLLNDEDQVVVNKAAVMVHQLSKKEASRHAIMRSPQMVSAIVRTMONTN
DVETARCTAGTLHNLSHHREGLLAIFKSGGIPALVKMLGSPVDSVLFYAITTLH
NLLLHQEGAKMAVRLAGGLQKMVALLNK TNVKFLAITTDCLQILAYGNQES
KLILASGGPQALVNIMRTYTYEKLLWTTSRVLKVLSVCSSNKPAIVEAGGMO)
ALGLHLTDPSQRLVONCLWTLRNLSDAATK OEGMEGLLGTLVQLLGSDDINV
VTCAAGILSNLTCNNYKNKMMVCQVGGIEALVRTVLRAGDREDITEPAICALR
HLTSRHOEAEMA QNAVRLHYGLPVVVKLLHPPSHWPLIKATVGLIRNLALCP
ANHAPLREQGAIPRLVQLLVRAHQDTQRRTSMGGTQQQF VEGVRMEEIVEGC
TGALHILARDVHNRIVIRGLNTIPLF VILLYSPIENIQRVAAGVL.CELAQDKEA
AEAIEAEGATAPLTELLHSRMEG VATYAAAVLFRMSEDKPODYKKRLSVELTSS
LFRTEPMAWNETADLGLDIGABGEPLGYRQDDPSYRSFHSGGY GQDALGMD
PMMEHEMGGHHPGADYPVDGLPDLGHAQDLMDGLPPGDSNQLAWFDTDL

i H=72.5% (566/781)

Deamidation sites:

Q476(5/77)
Q482(3/77)
N483(7/77)
Q668(1/55)
N691(6/15)
Q703(6/15)

Q4(921)
N143(1/6)
Q440(2/10)
Q395(1/1)
Q407(1/1)
N415(1/1)
Q364(1/1)

Deamidase:
CAD(2)

U A9 8 €0 B3 i S B T ARG DN B F) R BE L £ B D RE A S AR T e e A B A ) S B R B ik (B —catenin 25 F AR BE IR I AL 02 25D o

A JE T i T 7 s 7 KB ) 7 8 15 I8, AR DG At I POk P A Tl LA 2 302 R H AR o A BRI e A7 S5 1 430, 40 BERER R 312

AL TTERHI AR B BRE, 23T EE I B e f i U B

E5 p-catenin & B BRI EIGAL R REBEEREANRIESHTE

2.3 B-catenin 5CAD EHHIHEEEA

145 1 i A0 &R HCT116 o 5% Y2 pEE14.4—
Flag—CAD JFURL, 36 h J5 W5 5k 5% e I 19 40 it A
A%, 3 co-IP %5 IE AP M CAD 15 P
B—catenin & A EAEH (UWIE 6) . [F 1) F] 4
1 pEE14.4-Flag— B —catenin kL5 Y ¥F A 45 15 1)
TR AR HCT116 h, RIKHA Flaghr%s i B—catenin
HHE, A co-IP LU E T AN B—catenin FH 5
PR CAD A AR (ULIEL7) o AN 52 56 25 SRt
[ IE B 7E 45 0 98 40 i &R HCT116 1, CAD fEf 5
B—catenin &5 [ AH EAEH]

Input 5% IP: Flag
Flag—CAD + - + -
e
Flag i-i 250 kD
3—catenin — — E_-_-_-_i 100 kD
42 kD

Input: FRERE; IP: BAER,
El6 CADZEH5WIRM p-catenin EEIEEER

2.4 HEFEMA R H B-catenin FETERR BLAZ 4L
YLK AT & BE, A BRI H B —catenin 2R
R 5 & A 1) bl A% ka3, i X B4l e & AR
i #% , % B B —catenin & H 45, &% , {2 Don AN 52 Wi

B —catenin 1 BB H , UL 7ESS s AL = b, o]
HEAFTE B—catenin B LA LB . WA 8.

Input 5% IP: Flag
Flag—catenin B + B
i
cap S = 51
—
i |
B—catenin — =.| 100 kD
[
42 kD

Bl —

Input: FAEGE; IP: AR
7 B-cateninEBHE5RNIRERECAD EHEEEA

PH - +

N | wma

3 —catenin |

| R

l yhseiE|

S +_ |

B-actin

X HE 4

73 35V 100 032 V hrs
8 ZHHEFEMANZRHCT116 H p—catenin EHHI Z4EHE %
3 it

55 EL R 2 T AL AR G L A R 2 —
BN T B bl i B ) S SSOIE Jhe 53
Lo~ Y gt A v, il 45 I R A R 5 R AR AR
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WIUEAE , 5. S50 AN B—catenin 2 P BRRL A AZ 1 09 S35

AR T i AT B AT, RS R T D
it F AR YIRS R AR SO . (AR 28R
HHEH AT ], Al FARRIT RS E K,
PR A . R, 3 — P AR ST 4 E e e R
AH A F ML, R 25 1 W 98 i i6 9T SR A 8T 1R 3R T
HEBUEYAREY LN H

Wnt/B —catenin i #% 7 22 Ff ifgd b (8 & A2 K g
rh R HE SR Y G ) R OIS AR S J e
s A7 AE , LR T 25 0 A M A AT o AR
WAL ATz, G0 VS5 B v A% B, AT S
S A MR 2B 0 GE BN R AT
BRI 1 2 22 MR RS J1 . B—catenin £ [ /& 38
B rh =S T4 i R CE R

W IR A 5 g OC R B DT, 2 H s iy
ROGRDYE 25 . CAD J2 4% 1 IR A 1 il 5 e v 8 2 —
GO RN 2O RE AR SR, 25 g
Sk B BT =20 I, AR08 25 2 I Bl 2 Ak 1 =
WERR PR, 5 & 5 1AM i 1 58 T 0 %5 RNA \DNA
FVE R Mg 5T 0 B M R, 2 5 40 I Y 38 5 A oy ARt
>0 e SR I N S 30, G ERE 4 L N 25 64T DNA &
B RO A R E , CAD B N R B A e .
RICHMOND %5 & #L7E 48 iE 7 I 5 T CAD fE % 11
il bt 48 i 7 NOD2, 2 5 %95 (1) & 4= . MORIN
AR IAE T A R 40 ML, CAD RE 98 P A R
ZARBY AN, VMR 2 R SR, S 5
P0G B 0 A AR R R H S A R RO
REYIMG . LA RG] CAD 85 78 g & A=
Rt FE R B PEAE ) CAD FEiZ R FE ot R v,
A Shy — ol 5t 1k e Ak g & #5 T BB D) BE . AR )
ARSI, 45 1 B i A i B —catenin 5 P A 7 156 T i
e M, CAD A] B8 S A S H & A= It Tk i Ak 18 1ii
14 it .

0 U6 Tk e A 1 1 2 8 AR 1 B ok 3 & R
E PRy = K= g 1 Ko L S i I T ]
Ee AR SR IE R R AR IR IEIA R A & Y
O Tt e T A i 2 2 1 B T AR A — S SRR
TE AR P S0, — S 40 TR 3 Db O 1 e il 3 o 2 o o
SR AE A DR B s ki iy B g i
O 5% 2 W 2 1T 006 Tk e A A o T DR s R
U W e R, ) A0 TR T A R A RN PR F- 3
XA 3R AR 9% R G0 1) A 5 4 Ol Ik e Ak &

W5, DT ER N R R S 2 B A R e X BRI ER
P Pt e A5 W B 8% 7 — 5 A B b 52 0 2 1 oY
IRe , M 7EHLAR — R 50 28 B 3 5 2 o R 454
FH o SR, I8 1k Ml P A6 s 7 ik 96 AF DG 2R 11 M98 E 1)
R R R R EREE RS MR . A
WFFE 38 3 co—IP SE B0 UE B AP R B —catenin £ 15 N IR
CAD fFfEAH EAE ] o 3k — 20 5 3 o — 4 5 Jie
Tk 45 45 T Tk i A6 A1 1 57 DON J7 % 43 MF CAD 5 -
catenin 8 F B9 & 5, K BLAE A7 16 1B I e AL 40 il 551
DON HJ 5 L , B—catenin £5 [ 55 H 25 B AIK, 5 A M
A DON X BEH AR FE, A T ] SR GTE A% Y a3
X7~ B —catenin F5 [ 1F 45 B 98 40 ML & h AT BEAF
TE#E CAD BBt AL B LS . TEJG Saft o %
H A Bk ] — RV EAL Oy T RVEY R EOR
455 IR 20 B | 3l W A Y R il TR 2H SURE AR R AR 5T
CAD 475 174 JBid BBt Ak A& i XF B —catenin 5 [ (1 T GE 7
55, LA 65 B M es A R SR RS, R 4
14 i il B 5 5 Rl PR 12 07 B2 it B K 40 R Y
HW
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[1] HYUNA S, JACQUES F, REBECCA L S, et al. Global cancer
statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries[J]. CA Cancer J Clin,
2021, 71(3): 209-249.

[2] DISOMA C,ZHOU Y Z, LI S N, et al. Wnt/B-catenin signaling in
colorectal cancer: Is therapeutic targeting even possible? [J].
Biochimie, 2022, 195: 39-53.

[3] LIGY, LI D H, WANG T, et al. Pyrimidine biosynthetic enzyme
CAD: its function, regulation, and diagnostic potential[J]. Int J
Mol Sci, 2021, 22(19): 10253.

[4] ZHAO H, MING T Q, TANG S, et al. Wnt signaling in colorectal
cancer: pathogenic role and therapeutic target[J]. Mol Cancer,
2022, 21(1): 144.

[5] BOUDIER-LEMOSQUET A, MAHLER A, BOBO C, et al
Introducing protein deamidation: landmark discoveries, societal
outreach, and tentative priming workflow to address deamidation
[J]. Methods, 2022, 200: 3-14.

HANSEN J M, de JONG M F, WU Q, et al. Pathogenic
ubiquitination of GSDMB inhibits NK cell bactericidal
functions[J]. Cell, 2021, 184(12): 3178-3191.e18.

XIA C F, DONG X S, LI H, et al. Cancer statistics in China and
United States, 2022: profiles, trends, and determinants[J]. Chin
Med J (Engl), 2022, 135(5): 584-590.

NUSSE R, CLEVERS H. Wnt/f -catenin signaling, disease, and
emerging therapeutic modalities[J]. Cell, 2017, 169(6): 985-999.

(6]

[7]

(8]

e 37 -



EBREAE

#

[9] LIU H, LI D X, SUN L N, et al. Interaction of IncRNA
MIR100HG with hnRNPA2BI
stabilization of TCF7L2 mRNA and colorectal cancer progression
[J]. Mol Cancer, 2022, 21(1): 74.

[10] ZHAO H, MING T Q, TANG S, et al. Wnt signaling in

colorectal cancer: pathogenic role and therapeutic target[J]. Mol

Cancer, 2022, 21(1): 144.

DEL CANO-OCHOA F, MORENO-MORCILLO M, RAMON-

MAIQUES S. CAD, a multienzymatic protein at the head of de

facilitates m°A-dependent

[11]

novo pyrimidine biosynthesis[J]. Subcell Biochem, 2019, 93:
505-538.

RICHMOND A L, KABI A, HOMER C R, et al. The nucleotide
synthesis enzyme CAD inhibits NOD2 antibacterial function in

[12]

human intestinal epithelial cells[J]. Gastroenterology, 2012,
142(7): 1483-1492.¢6.

MORIN A, FRITSCH L, MATHIEU J R R, et al. Identification
of CAD as an androgen receptor interactant and an early marker

of prostate tumor recurrence[J]. FASEB J, 2012, 26(1): 460-467.

[13]

[14] YING Y J, LI H L. Recent progress in the analysis of protein
deamidation using mass spectrometry[J]. Methods, 2022, 200:
42-57.

[15] HE S P, ZHAO J, SONG S S, et al. Viral pseudo-enzymes

activate RIG-I via deamidation to evade cytokine production[J].

38

Mol Cell, 2015, 58(1): 134-146.
[16] KRISHNAMURTHY N, KURZROCK R. Targeting the wnt/beta-
catenin pathway in cancer: update on effectors and inhibitors[J].
Cancer Treat Rev, 2018, 62: 50-60.
HANAHAN D, WEINBERG R A. Hallmarks of cancer: the next
generation[J]. Cell, 2011, 144(5): 646-674.
ZHAO J, ZENG Y, XU S M, et al. A viral deamidase targets the
helicase domain of RIG-I to block RNA-induced activation[J].
Cell Host Microbe, 2016, 20(6): 770-784.

PENG K S, KOU L L, YU L, et al. Histone demethylase

[17]

[18]

[19]
JMJID2D interacts with B -catenin to induce transcription and
activate colorectal cancer cell proliferation and tumor growth in
mice[J]. Gastroenterology, 2019, 156(4): 1112-1126.

(FEFST i)

AR5 AR AL, BIR I, BRI, 45 . 45 BV AN B-catenin
5 LIS I AL A A 1 SE B TF 5 (0], v R BRAR IR 24 A A, 2023,
33(14): 33-38.

Cite this article as: XIANG Y C, LTIAO Y J, CHEN J, et al.
Identification of deamidation modification of B-catenin in colorectal
cancer cell lines[J]. China Journal of Modern Medicine, 2023,

33(14): 33-38.



