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# ZE.DCLKI1(Doublecortin-like kinase 1) 7% & B2 b2 T 40 89 0 FAR A, 2 — MBRAEWEF BT 4 TR A, ELBE
WL P s I ET R 4 E W, T 2 AR DCLKL, R A A 4 415 B % F &, 4 DCLK1 & A 3 H R 48 kk
T Ef AT A RS E AR M %R )T R REEHAT ., %R XKW A DCLKL 2 H %5 729
MNEEBRARNE S, EHMTEPEERT, BT TGS # Kk PKe_like 57k, R UETHENEAES, T FRME
BRE, ZEAEMTHAREE THERA, FE_REM N TNEN ., £ GO /4 F KEGG # B 4947 7 42, 5 DCLKI # &
fE A B & % ,NOTCH % & PRDMS8 £ PRUNE2 EF X \N# %, H &~ DCLK1 FEE H E W ERANH, AXER -5
#5 DCLK1 Wy gh ik R BUBHLFIRET — 5+,
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Analysis of the spatial structure and physicochemical property of DCLKI1

LIU Chang'**, LIU An’
(1. Department of Biochemistry and Molecular Biology, Shanxi Medical University, Taiyuan 030001, China;
2. Central Laboratory of Changzhi Medical College, Changzhi 046000, Shanxi,China; 3.Depariment of Orthopaedics,
Heji Hospital Affiliated to Changzhi Medical College, Changzhi 046000, Shanxi,China)

Abstract ; DCLK1 ( Doublecortin-like kinase 1)is a gastrointestinal cancer stem cell marker and a potential target for
gene therapy, but its carcinogenic mechanism and prognostic value have not been fully elucidated. To gain
insightful information of DCLK1 protein, bioinformatics methods were applied to analyze its chemical properties,
tissue expression, subcellular localization, signal peptide, trans-membrane domain, space structure, protein
interaction networks, and hereditary conservation. Results show that DCLK1 protein is highly conserved and
comprised of 729 amino acid residues. It belongs to the TGS super family and PKc_like super family. The DCLK1
protein is alkaline, unstable, and hydrophilic without signal peptide or trans-membrane region. It is mainly located
in the nucleus and the main secondary structure elements are random coil. GO analysis and KEGG pathway analysis
show that among its interactive proteins, NOTCH proteins, PRDM8, and PRUNE2 deserve further study, which
indicates that DCLK1 has more complex mechanism of action. The results provide some reference for further study of
the function and carcinogenic mechanism of the protein.

Keywords : DCLK1 ; Bioinformatics; Structure; Function; Interactive proteins
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B BRE ARG SR, 2RI AN ERE BT
SZARIT FUECTT 1 e84 L 8 A7 AE R A S S e
R FEFRRNZ—D ) 55 &8, DCLK1 245 H
a5 A PR T A0 R B 4y AR AR . DCLKI
T IR 1 IR AN A T PERRAE , b DCLK IR A Y
YA SR Ay F B EHTRE T ; T DCLK1 Ay %A 6E
B B R T 4 A, AR e & & T RE

Ol BT 2T 2 DCLK 76 22 fith 72 40 ity
Hm Rk N A HUE L . Gao 48 & B DCLKI
UL B 20 @ 263k i S5 A i 55 2
BEUG 224 %, 1k ik DCLK] fEfs 12 HE4s & e
YA A b TR RS AL (EMT) 0 Qu 25 & B0 J iR
SRR RS 5 T DCLKL K8 F 1E %)
HRAH ;ffiFH siRNA B3 41 ) 510 08K DCLK1 , 8
i EMT i AR TRk K T, 7E#d 50%
FRG A 8 200 J v R ARG 31 DCLK Y 2 3k, i 0
DCLK1 FHA: (9 i %3 40 B = 5 8 9 EMT 53 2217,
Sureban 4 & PR £k A9 28 28 09 3% Fn - 1z (8]
JEH 4y DCLK1 k7Kt 25 5 TR AP AR AL Xt R 41,
FERR BN 98 B2 T # m g B A b fifi FH siRNA T0 3R
DCLK1 fEG AT Mg A H A5, 2 F let-Ta 55 g 411
) miRNAs 135t o Vega 2% I Barrett B
DCLK1 kK F-THiE , Barrett £ 1 AL 0 £ 45 i
S, $E7R DCLK1 RIAE A 0 6 48 9 8 e 1 109 0 1
AN/ I

FIFHAE W05 8 24 7 2% DCLK1 1) 55 8] 25 ¥4 il
AR R EA T3 HT , % B8 DCLK1 S Bt AR 1) 55
KE, BT TGS # FK %A PKe_like #5005, 7E1E
A R TR S BEAR ST, TOAs 5 RIS I IX 3, 2 8
FE T BRAZ 0 T BB e K, FR B RS R R O
#ih, 5 DCLK1 M EAEMME A+, NOTCH & H .
PRDMS F1 PRUNE2 5|2, filn DCLK1 /775 5
KR ZBUENLE] . ASHFSEE A FE T DCLKT E A
LSRG DI RE AN T, B 7E IR AR TE % Y
YR FHPLI B AL R

1 ARSIk

1.1 DCLK1 EHF3HRE

i F§ NCBI %4 J% ( https : //www. ncbi. nlm. nih.
gov/) , LL“DCLK1+¥ 7l 457 Sy i), 1 R A3 B
DCLK1 £ H 2 E M7 95 2. iR R T
DCLK1 A 24> S A A 2 SCHY 70 B % & J& DCLK1
SERIIA 1 ( Accession number; NP_004725.1)
1.2 DCLK1 RE#H UM

76 NCBI Hr ffi 1] BLASTp #2453 DCLK1 7E

AFEYF R RIEF S, R Clustal2. 1 844 Hoxt
DCLK1 1 & % MR J¥ 51, & i MEGA6 # {F,
Neighbor-joining 5% , 1% & Boot-strap 43-M71 8 & 5N
1 000, ## DCLK1 953 F#E LR
1.3 DCLK1 ARFKARFM L HAEE TN, S

SHEBRERIE S

K A NCBI (1) UniGene (#i 2 H EST 45252, i
I DCLK1 76 1E ¥ 20 LR A8 21 20U i) Rk 0
K H PSORTII 7E4E T.EL ( https : //psort.hge.jp/ ) Fiil
DCLK1 A9 3V 41 g % 7 55 ¥, K F SignalP 4.1
( http://www. cbs. dtu. dk/services/SignalP/) 43 ¥t
DCLK1 A 55 ik, TMHMM 2.0 T H (http://www.
cbs.dtu. dk/servicesyTMHMM/ ) 43t DCLK1 F JC %
FREIX 42K
1.4 DCLK1 B R

* H ExPASy BAR M 2 5 B ProtParam
(http ://web.expasy.org/protparam/ ) T.H %} DCLK1
1531 O3 2 R AR e M IR AR B kA T
8T, K Protscale T.E. (http://web. expasy. org/
protscale/ ) X} DCLK1 B ZEEi/KPEHAT 5387
1.5 DCLK1 =413 53 1

K H SOPMA T. H. (https://npsa—prabi.ibep. fr/
cgi—bin/secpred_sopma.pl) 4381 DCLK1 ) 2 4544
K& WL or e o5 il SR ] NCBI Y Conserved
Domain 45 724341 DCLK1 FS5H IR, SR FH SWISS-
MODEL # % IR 55 #% ( https://swissmodel. expasy.
org/) Tl DCLK1 1) = 4E25H4
1.6 DCLK1 #BEEHEZERAMN

i GeneMANIA ( http : //genemania. org/ ) il
DCLK1 AHEAEHEH,

2 RS0

2.1 DCLK1 ZHZFIILLX KR

£ NCBI £54fs e v 48 R i ZL3h ) . Al 25 £
ZsH A\ DCLK1 FE A MFEIIEFS], A DCLK1 2 FH Y
FHEER P S A EPRE ) INER AR DTCE
FIBE £ A AR 43 931 493.65% ,93.39% .93.39% .
93.39% 90.41% .90.08% .86.88% #170.50% . H [#] 1
AAT, N DCLK1 & (-5 HoAth JUFR i 2L 3h 90 1 2 3 1R
FEFVRRAI AR, T 5 A7 288 40 25 1) 7 9] AR AL
BN, SYFh R B A — 3k, £ DCLK1 A TE
A R B CRSF I 5T T DIRE
2.2 DCLK1 WARAFEHFRE . THBEEML . ES

Bk 5 B R S5 ¥ iE 3 i

NCBI 1 UniGene %5 5 1) EST 25 5 3R W,
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X, 4% DCLK1 #)25 [] 25 R R ALV 5T 20 B 233

DCLK1 7ELLF IE# 3G 3Rk, ¥ DL U ) e
i 248, {4k 181, Ag 414N 155, #h 4 128, H 62, JIF
JRAIZ 46 it 41,5 14,17 12, HILAT I, DCLK1 /9
HARRFe AR, FEZ AN A RIE,
25 R W], DCLK1 BB ¥ #2844 otit
B W B T 3R A2 R i A7 i ds O 2 A A 22 57

SR YRR A, 5 EST Wil DCLK1 78
i Bk A B e I A R — 2, AR RSN Bk
Bl DCLK1 Z/NMagh B4 br &Y, EEAE N
& E R R g 2/3 # o FRIE, FE B e AR g e e
P E S

88 ——— Btaurus XP 010809038.1
BT L Syerofa XP020920868.1

80

99

C.jacchus XP 017828535.1
F.catus XP 019680952.1

93

M.caroli XP 021013152.1

51

G.gallus XP 015133299.1

H.sapiens NP 004725.1
X laevis XP 018103168.1

D.rerio XP 009303718.1

E 1 A DCLK1 ZEB5HERFERF X B Rt LRt

Fig.1 Phylogenetic tree of human DCLK1 protein and its homologous sequence alignment

DCLK1 7Ef 4l 20 i 23k, 45 DU il
PREEIE TR 130, A= FE 40 i MRd 121, B 98 29, LR
10, 25 TR 8, THALTE bR 8, FE # 2 B: 41 i R
A, B BR DCLK1 A8 9% 42 oF 40 i 4 -, 4R
DCLK1 A 2 i b #f 48 B 40 i 98 ¥ 7 3G 7
LIS

PSORTII il , DCLK1 5& {37 T 40 i 4% 9 v fig vk
K (34.8%) , YR AT BERE 7 T Lo AiiA (17.4% ) , 40
5 (13.0% ) , 5 /R FEAK (13.0%) , A0 HII (8.7% ) ,
YA SR (4.3%) , o3 W6 HE 3 (4. 3%) A4 i Ab

(4.3%) . 1 IAEDN , DCLK1 32 B 7E 40 i rh & 4% 4
PRIIRE , R Sh A AR T HAL W 4 g5 44

SignalP 4.0 Fijll DCLK1 & (4 JG{e 5 w51 (I
B 2), BRSSPI 8 C i s SR 2R 68 i a3k
iR, /3 fEN 0.109 #4535 V)5 Y (B i i A FE S
31 EIERR , 4ME N 0.106; /5 5K S B s S T
B 12 AL FERR , JME N 0.13451-30 128 HE R % )
215 B BRAME R 0.103 , AN J2 LU il 28 i 1y {52
JRIX 3k, TMHMM 2.0 fiiill DCLK1 JG 85 i 45 #4) 35k
(WLE3),

SignalP-4.1 prediction (euk networks): NP 004725.1
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Fig.2 Analysis result of DCLK1 signal peptide
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Fig.3 Trans-membrane domain analysis of DCLK1 protein

2.3 DCLKI1 BB MRS

A DCLK1 F:HAALF 13 S afk [ (13q13.3),
A 21 NHMNE T RIS NP_004725.1 Az 3k A
(R 5 31 4 65 )5 51, DCLK1 & H 4 U h
C‘35811—157001\1100001100 SZS ’ ﬁ%%ﬂygl 10007 Da’ /E'\ﬁ
729 NEFER S A S Iy 8.84, 432 My Btk
FEE T, FEFLsh P 22T 40 9 2 223000 30 h,
AFE RECK 4017, 5 AARER AT, T8I &

BONT9.79, S RIE KM -0.431

FH ProtScale 7F£k T HFiill 45 5 a1, DCLK1 2
TP B BB AL NS 17 R R, AN
-2.933; B K ISR 7 1 S 2R 578 o I T 2R, 2R
579 i S5 B R A5 683 I Y 22 &R, /- (H 4B M
2.322 F & 4 A1, DCLK1 & 19 35K K IR £ T i
IKIXIR, 732 R K B

Score

ProtScale output for user sequence
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4 DCLK1 ZEBHFERKES
Fig.4 Hydrophilic-hydrophobic analysis of DCLK1 protein

2.4 DCLK1 B = B &5

i SOPMA 45 Rl 1, DCLK1 F) 25t v
s (R (538.27% , a- B2 (18 P il ) o
28.4% JEMEE (TP 5 (0) 4521.819% , B-F6 ff (18 h4k
) 5 11.52% (& 5 % Bl WL T i hitp ./ swxxx.
alljournals. cn/ch/index. aspx. 2018 455 4 #}]) . NCBI

i Conserved Domain £#& % Fitill DCLK1 J& T TGS #8
KA PKe_like #2515 (WLIE 6) , 75 N-K I A 4>
MU T3 (DCX) S5A8 3, 7E C-AR i —4> Ca™ /451
PR ARG 25 A IR, WUz Jo 3R S5 F B B8 5
HEEASE M EARZEAAEEAER, #2755 DCLK1

=]

B MMEE A L PKe_like BE T STKe 45



%4 X%, 45 . DCLK1 Y53 [a) 45 44 A B AL M 5 2 Hr 235

FIRES AL y-BERRIL AN ATP # B2 E FURMIRY 25 (DL 7) R8I AR LR A100% , GMQE “40.33,
2GR AR IE L, NIl 8 AR IwER L, ff  QMEAN Sh-0.3, iz RIg5H) A8
FH SWISS-MODEL A5 55 #% Wil DCLK1 £ [ 1) =

0 100 200 300 400 500 600

5 SOPMA Fiill DCLK1 & H Z R4
Fig.5 Predicted secondary structure of DCLK1 protein by SOPMA

1 125 250 375 500 625 729
Query seq. .

TP bin n )
polypeptide substrate binding -
. . activation loop (R-loop)
Specilic hits
Superfamilics TGS supenfamily T6S supentamily PKc_like superfamily

6 DCLKI1 EBRF &1
Fig.6 Conserved domain of DCLK1 protein

2.5 DCLK1 ZEARMEEERADHT
{1 GeneMANIA T5ll 5 DCLK1 AH EAEHI 8
J5T, ¥4 44 DCLK1 2 F A EAE M4 (LK 8), 5
DCLK1 A . AE JH 19 3 B 5 32 2 4 §F NOTCHI
NOTCH2,NOTCH3, PRDMS8 ( PR domain 8) , PRUNE2
(Prune homolog 2 ). TNKS ( Tankyrase ) , SLC4A1AP
(Solute carrier family 4 member 1 adaptor protein) |
CALMI( Calmodulin 1) \CABP1( Calcium binding protein
1) 1 DCX ( Doublecortin) , DCLK1 54 DCX 454 A1l
7 DCLK1 =4 &% Ca™ /F5IRIEE 11 P 95 il 235 F 3k, w265 5 T DL i
Fig.7 Three dimensional structure prediction of DCLKI protein DCLK1 5 CAILMI1 .CABP1 1 DCX Zl‘ﬂﬁﬁi‘ﬁﬁfﬁﬁﬁo
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Fig.8 Protein-protein interaction networks for DCLK1 protein
T DL AR hitp : //swxxx |, alljournals.cn/ch/index. aspx.2018 457 4 1.
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XTUA EH AR AT GO 43 Hr Fl KEGG
WP, GO SPHrasi iR BAER 2 5 DNA 12
WERE 5 . ATP 45 & Fl DNA &5 & % o T 1 fig
(WL 1), ¥ S DNA EHlFngn i 61 /S W%
HAEA YR (R 2) , AT MCM & 51K %

EHRGE ARG A E S (LK 3) . KEGG #
AT G JL R A, A R TRt A T A0 A R 30 A
DNA S %58 B b (W36 4) . il DCLK1 5
NOTCH % 1A % 14 ( NOTCH1 ,NOTCH2 F1 NOTCH3) .
PRDMS Fll PRUNE2 5 & {HAFE— 55T,

®1 GONTFHRENELER

Table 1 GO molecular function results

D ST UIRETE R BB A R R IR
G0:0003678 DNA BETERE T 1 6 3.50x107°
G0:0005524 ATP 454 10 4.54x107*
G0:0003688 DNA B il#iras & 2 8.71x1073
G0:0003697 Mgk DNA 254 3 1.10x1072

R2 GOEMFLBRFELER
Table 2 GO biological process results

D Y R R FEF /A HE R R IR
G0:0006270 DNA & il 46 8 8.11x107"%
G0:0000082 A 25 AR GL/S Fedft 10 1.70x107"2
600006271 DNA & ifilid 1 DNA HEGE 6 1.09%x10~°
600032508 DNA XU fif i 6 1.61x107%
G0:0006268 DNA S il if 2 rh DNA fiftfk 4 2.37%1077

=3 GOHMARNLLER
Table 3 GO cellular component results

D 2 L 2E BT R FEF it /A FER R B
G0:0042555 MCM & &1k 6 2.44x107
G0 0005664 [PV VS Y RE NS 2 1.47x107
G0 ;0015630 T8 A0 M 7 1.47x1072
G0 0005654 (A0 10 4.19x1072

% 4 KEGG pathway B§125|%
Table 4 KEGG pathway list
D PRARTERE TR/ A FER R B
04110 i1 i S 3 9 5.2x10713
03030 DNA & 6 1.22x1071°
Wih G1/8 B A AR i B | 0 25 4 T 400 M R 8
3 3 ® 1 DNA & il 5@ b, Kk, #£ DCLK1 BAEE A

DCLK1 £ R — AV 7E ) JE AT 0 T 0, A
W5 A YAE Bk, B8 31 DCLK 2 Bt
AFEE BY K BT, TOAR 5 IR IS X J5, 3 227
YN AZ & 4 A BRI RE . DCLKI A9 £ 2 254 2
TG, JE T TGS MW PKe_like #8 %% , 2
— M ROCE A,

H DCLK1 HAEE A GO 24 Fl KEGG
FE AT R AL, EAEFE A ¥ K DNA & i) i 2 i )

i, NOTCH1, NOTCH2 H NOTCH3 5] i X ¥,
NOTCH1 ,NOTCH2 FI NOTCH3 #B-& Notch 15538 j%
[ Z AR A, A Noteh {5 530 5 = PR SF , %08
HEETL S T BN & AR GRS A T VEMT R A
YUASEEE AL B A . Noteh 2 RITC (4 AR B4
FHJG #0% Notch {5538 8, 51 & y-or bl 2 & Wy ik
TTSZAREIE =43 WA T 52 5 W BE A% BRI Notch f N
SER I QU T W0 S0 25 R R HEVE T
MR ELAR O 20 3R 85  NOTCH1 BESSAE Ky BUlig 3L A
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PRATFE 4095 6 R AR AT BFSE & B, NOTCHI
R T AR 1 5 AT 84 %, TR NOTCHI 411 i 3
KA SERAMEIET: ) Jin 25 & B Notch 15 518 %
FE2S H g T A0 b ol 3K M AR 25 L W g
TN AE T | B0 A A TR R R D R AR
A", DCLK1 5 Notch {55 i i 22 [8] /4 56 & 1t A
WARE , A SO TR BT Z AR BAE A
BCH BB DCLK 1 7R FAILEI ) 288 11,

AR, B GO 43 Hr25 R ml A1, BAER N2 5 DNA
RS P DNA 256 45 7 F O 6e, & 48 TAZ
MCM & &k %52 e 4R 52 A VR R i A5 400 it i 28
Hr, P, DCLK1 5 PRDMS Z [H] it 3¢ &R 512 K 1,
PRDMS & 12—~ B PR SF I G s B 7 N=K
WA —A PR S5 A 2N s R R RENS T
PO RE S P 1 DNA 454 VR 1 5 (8] A0 B4R
PR 45 #9505 20 2 1 H 3554 3 [ SET (The drosophila
factors suppressor of variegation 3-9, Enhancer of zeste
and trithorax ) £5 4 34 3¢ | W 5¢ & 1L, PRDMS 1) PR
SEMSRELAT AL (W LR RS TG O R4 S AL AR
B ok 1 Ry 418 1 3R 5 B WS 1) 0 7, A
M L A, PRDMS ik pi 4 R 5
P Jo M 1) SRR s TR, RS TR & B o R B
g™ . M DCLK1 5 PRDMS HYE R AT,
1 DCLK1 7E % & B o Fe b VB AL, A B TR
fEXF DCLK1 43 DI RE A4 A

PE— M3 GeneMANIA Fiill 45 5 DCLK1 5
PRUNE2 fFEM B AEFH . PRUNE2 J2& Bl /R %% i B g
(5 B3 [N, L J& Rho {5 5 3 J% 109 G 4 3 425 [N
TV AN P2 RS RN BUE B E R
PRUNE2 & #55 , Machida %5 % 31 PRUNE2 fiE % 45
P 251 A L JRE A ML 234k 3 BE FR 28 i8R 1 o
Fik 5O\ w2 B A0 R UG KA S OE R R
Salameh 58757 & P, PRUNE2 i ¢ 35 RE A% 3 1 B
B i M A A, B on R B VE Y . DCLK
YERBURR - FEMIE A 5 PRUNE2 /EHIAH I,
H it 656 F DCLK1 Fl PRUNE2 22 [a] ¢ 5 i 4]
B RAIT P Z AR A, A B Tk — 2 A
P DCLK1 A EHALE]

4 & ik

1) DCLK1 MY ANFEE RECH 4017, F0I S AN Fe
EEAR, PS5 T8 N81 100.07 Da, FlE %5 5
884, Fil A mME R BT, AR R ECK 79.79, A
SR K E A -0.431, TN Ay 55 K B R,

2)DCLK1 [ &5/ EZ LG, 8 T

TGS # F I PKe _like #8 F %, & A MZ R &
(DCX) S5 F IR Ca™ /55 IR B P AR 14 P il 45 A
TCAF 5 BRI P25 RA

3) DCLK1 Kk e A 0, 67 T 40 il
ANEIN N,

4) ZGE I R, A DCLK1 & (A -5 Al JL#h
Wi L 20 40 1) B B TR P 9 AL 35 K T 5 A AT 21 R
020 P HN AR IR /N, 5 P Fh i AL R BE AR — 3,

5)5 DCLK1 #HEAEHMEN EZS 5 DNA B
Tl AN 20 B R T G 1/ SNG4 A5 A e 2
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