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Abstract ; In this study,the high sulfur keratin B2A promoter of Tianzhu White Yak gene was cloned and got
sequence ,and analyzed the bioinformatics. Comparison of forecasting results by subcellular localization , phosphoryla-
tion analysis, secondary structure of proteins, tertiary structure, MEGA 5. 10 software by NJ method and phylogenetic
tree construction and MegAlign software to analyzed the difference between B2A gene and KAPI. I gene. B2A gene
CDS region was 471 bp,encoding a protein with 156 amino acids, the secondary structures were mainly composed of
extended strand ,beta turn and random coil. B2ZA and KAP1. 1 protein of subcellular localization , phosphorylation a-
nalysis, conserved domains,secondary structure , tertiary structure and homology were different. But from the function
prediction results showed that the two protein’s function were exactly same ,and Clustal X software was used to com-
pare the amino acid sequence. B2A protein compared with KAP1. 1 protein has ten amino acids deletion at position
33,the remaining sequence has very high conserved between two proteins. So it was proved that the B2A gene was
KAPI. I gene sub gene.
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P 929% MRS AR LA DU )1 A T
Hilta R E X", REAEE S50
BT em B RH AR EEA R B
PRBEPE SR R B DL S AT R0 B AR iR A
P, R A PR 60 14 % 6 B R I e fa ik i
MRS T Tl A . 188 11 SCHK 2R [ ( Keratin asso-
ciated protein, KAP) YE NGB/ FE L5, Z50
EAKAEMEART, MAEHCHE M F2 55
SRR B AR OCHR AR T e A B DGR
A H & R/ B R AR ER Y, A
W5 LA e B A 2 1 DI B 1 S 35 PR v vy s et A 2
PSR A 37 B2A SERVE MR 42, 38 4 6 o
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BKAPL. 1 5EBQER BEMHMHCHE, Bl2E
PESTHT R KAPL. | #1555 240 5N H )2
F5E o TR BE oK ¥ M B2A 45 1, ifif FLif i Aleksey
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AR RN I EIRATARE UL 2 AL
2 2 FORTRIRE R ALA 2 2 FiORRI R R, AR
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1.1 KEHre

111 KRS PR SRz S A RS 50 1
FER FH A8 R B 16 B0 KA e AR s K
FrRABZ MM (E. coil) I TR AY TR (Kif)
F PR FLRE AR pGEM-T Easy g T3 9% 4% 1E
WHAARAF

1.1.2 A FAY2EMIGRR ik DNA #BGL5]
%2 x Tag PCR MasterMix , 3t Jig W5 582 11 i3 57) 4
AR FE IO G390 T AR AR (dbs) A
FRONHED; SRR BV YITO 28 R Bl by |
BR R M e PRI T OXO0ID A F, X-gal |
IPTG F1 Amp YT FigA TAEY A A,

1.1.3 5%t 56 M Lh GenBank HH#54- B24
FEH A mRNA 51 (XM _002695972. 2) VE J AR,
i Primer 5 &1 —XF 514, F:5'-TGGGAGGGCT

CTTTGAACAT-3', R:5'-GTCTGCCGTGGAAAGTCAA
G-3', 5l i TAY A FE L,

1.2 KB A*

1.2.1 FERMSRAE MR B e R AL A A il
MURE I HUEER 1 AR DRAFAE - 20 “CUkAE &,
1.2.2 FEPZ DNA $2HC fEMFEF A EDTA 3t
NG S ) DI Pu e S U 7 R i s = DO
ARV, R S AR AR B , SDS (- e Ak i
FREM ) 5 40 0 JBE SR A%, 7 25 B K EDTA BIFF7E T
THACEE BT a2 KB/ NI 7 A% 8 AR PERE i, filf
DNA MAZEE i g5 thoke . I HTRE 0 i D5 VR
DNA S B HEEL, A —80 CHBIRIRVKAR A% F .
1.2.3  PCR ¥"3f MBI A 514, LIZEHNA
DNA A A, {fiFH 2 x Tag PCR MasterMix AT
B AR Z 50 wL AR 2 wh,10 mmol/L 514 F |
R % 1 pL,2 x Tag PCR MasterMix 25 pL, ddH, O
20 pL, PCR R N #2 ¥ Fil A8 1 94 °C 4 min; A8 7%
94 °C 30 5,12 K 62.8 C 30 s, 4EfH 72 °C 50 s, FEH
30 ;72 °C 10 min, fHH] 19 ARBEEEI AT PCR 7™
Wy HEAT H ARG DN AR 4R 3R W [ ATk ) 6 e 4
VEABRRE PCR Wy In1 WO AT BRI M R FEAS I
1.2.4  B2A BRI soRE o B — 2B A& A% 1Y
PCR PN & A pGEM-T Easy 5 [ 2 1A% (1 75 i
T, IR A T4 DNA 48, 78 16 COK I P kb AT
WL, B BOESER BORLINAE E. coil DH5a
JEAZ 35 A M TP ORI A SOC B 3% 3k 7 fH IR 4% IR
37 °C,200 v/min #&FHIGFE 1 b, BUEBIRM T &4
X-gal \IPTG F1 Amp $TLPER) LB [EASE S5 T 7216
IR FRA 37 CHIFR 12 h, PRHUEFREE B
DI VE K HAEA T35 Amp (9 LB AR 70
i 7E 37 CARMRER FRAA T 200 v/ min FEATHE RIS,
R IR TR [T AT 12551 6 P9 100 BHRS T 94 o Y R R4 T 4
I EAT UMD SE 5 o 4 S B AR O R 22 1T
A A A AT

1.2.5  B2A ZEWNREYFEE 00 fMATEL K
{4 ORF ( http://www. ncbi. nlm. nih. gov/gorf/orfig.
cgi) TIFEA: B2A J R T 550 1) 2 HE 5 4 R AL 1 4
4= B2A DR 4 i 2 11 1 28 L TR 17 41 i A\ B TE 2k A
4 Protparam ( http : //web. expasy. org/protparam/ ) i#f
78 B A BRAG P S5t 23 A5 £ PSORT 11 (hitp://
psort. nibb. ac. jp/ ) £ L&A 150 S 40 i 2 A ; o
TELR B NetPhos2. 0Server (http://www. cbs. dtu.
dk/services/NetPhos/ ) 73 HT £5 F 5T FOBERR LAV A5 5 i
A3 Interpro (http ://www. ebi. ac. uk/inter-
pro/ ) 73T & [ 5T 1Y 45 44 35 i H SOPMA (http ./
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npsa-pbil. ibcp. fr/cgi-bin/npsa _automat. pl?page =/
NPSA/npsa_sopma. html ) 75 £& 344 #0025 1 Y —

gy, AL SMART (http ://smart. embl-
heidelberg. de/) 73 A1 2 111 & 57 D) fig 45 44 J; 1
Clustal X HPFXH 8 H R EE MR P 91 2547 UL, 23
BB R 22 55 i FHTE 2 4 Phyre2 (http://
www. sbg. bio. ic. ac. uk/phyre2/html/page. cgi?id =
index) #1778 H BUAY = 45 4 7000, £ A ProtFun
2.2 (http://www. cbs. dtu. dk/services/ProtFun/) 7E
LA ATE A BN REBUIN . 76 NCBI HUF 20 [F)
YRl B2A R % ) SR Y 51, (] MEGA 5. 1
AT N IR B2A LR R G RBW,
MegAlign A AT [RIIEPE 3BT .

2 HERE540HT
2.1 X#HAES B2A EEH PCR ¥ 18

P52 1) PCR 7= H 1% B I W EE ik vE 47 HL
Wk OARPEE 1 OSSR PCR A P20 AE 940 bp A2
A, BRTUNEE S 958 bp MUK ST,

1 200 bp
900 bp ~958 bp
700 bp
500 bp

300 bp

100 bp

P. PCR #4774 ; M. DNA 43 B s Aofk
P. PCR products ;M. DNA Marker.

B1 XR¥BHES B2A EE PCR ¥ 8= ¥ ik E
Fig.1 PCR electrophoresis products of Tianzhu

White Yak’s B2A gene

2.2 KXRBES B2A EENFEI S

A ORI Y B A5 R R, AT A R
958 bp, i) Blast XT LA HIN 745 5 5 B4 B2A
PRARBLRE 55 18 96% , W] LARA 2 45 21 (1) BE 2 B2A,
F SO RE I B2A KT 51 i A 2] NCBI 1% ORF
Finder 7EZ A b 047 FF M B2 HE 43 AT (KT 2)
RIMKAAFES B2A FEH & — KR 471 bp
(T A | JEZR AT 156 N IERR , EIRE ST
ATG , Z 1510 TAA

2.3 XHBESBAZARNEYEER

ATGGCCTGTTGCTCCACCAGCTTCTGTGGATTTCCCACTTGCTCC
Mm A € €C S T S F € G F P T C€C S
ACTGGTGGGACCTGTGGTGCCAACTTTTGCCAGCCAACCTGCTGC
T 6 6 T € 6 A N F C qQ P T C C
CAGACCAGTTGCTGCCAGCCAATCTCCATCCAGACCAGCTGCTGC
Q T §$s ¢ ¢ g p I S I Q T sS € ¢©
CAGCCAACCTGCCTCCAGACCAGCGGCTGTGAGACCGGCTGTGGC
Q P T €C L Q@ T $ 6 €C E T G € G
ATTGGTGGCAGCATTGGAGGCAGCATTGGCTATGGCCAGGTGGGT
I 6 6 85 I 6 6 s I 6 ¥ 6 0 VvV &G
AGCAGCGGAGCTGTGAGCAGCCGCACCAGGTGGTGCCGCCCTGAC
s §$ 6 AU S S R T R W C R P D
TGCCGCGTGGAGGGCACCAGCCTGCCTCCCTGCTGTGTGGTGAGE
c R U E G T S L P P C C VvV U S
TGCACACCCCCCTCCTGCTGCCAGCTGTACTATGCCCAGGCCTCC
c T P P S C C Q L ¥ ¥ A Q A S
TGCTGCCGCCCATCCTACTGTGGACAGTCCTGCTGCCGCCCAGCC
c ¢C R P S ¥ €C G Q S €© C R P n
TGCTGCTGCCAGCCCACCTGCATTGAGCCCATCTGTGAGCCCATC
c ¢ ¢ g p T C I E P I C E P 1
TGCTGTGAGCCCACCTGCTAA 186

c C E P T C =

B2 XEAES BA ERFBHNEARFS
Fig.2 The protein coding sequences of B2A gene in Tianzhu White Yak
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7 B LA Y KR (Asp + Glu) A 6 1,

i 1E HL AT 1Y

2.3.1 RULESES B2A HARFALE R
H Protparam TEZFKAN 43 K AL FHAEA B2A HEH it
PIERA P BT, & B B2A SR F 88 16. 025 4
kDa,PL{E} 7. 10, B2A & 1407 18 FhIL AR & J
R, i N Cys(22.4% ) , S & KA Asn
(0.6% ) Trp(0.6% ) Met(0.6% ) Fl Asp(0.6% ) .

IR (Arg + Lys) H 6 1~

2.3.2 RHLEYESF B2A A BMBERRIL R
FIFEAE B2A K& PR i 9 A 2 11 J5 A0 198 192 A A5 5 T
K 3) i, B2A HEA7 5 A BERR AL A7 55, 730l 72
Ser:2 /> Thr:2 /l\\Tyr;l 4.
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MACCSTSFCGFPTCSTGG TCGANFCQPTCCQTSCCQPISIQTSCCQPTCLQTSGCETGCGIGGSIGGSIGYGQVGSSGAV 80
SSRTRWCRPDCRVEG TSLPPCCVVSCTPPSCCQLYTAQASCCRPSYCGQSCCRPACCCQP TCIEPICEPICCEPTC 160
......................................... ) . AR (A 80
............... e 160
Phosphorylation sites predicted: Ser: 2 Thr: 2 Tyr: 1

B3 XEAESF B2A BERLE QBB AL T
Fig.3 Phosphorylation site prediction of Tianzhu White Yak’s B2A gene encoding protein
2.3.3 RHUAFES B2A AWM EN 8 33.3% , MRS IR AT REME N 33. 3% , 431 15 40 i
i PSORT I 7ELRAMEXS KA FEA B2A A BEAT  FRAGATRENESN 11. 1% i R Wi B 32 2 4
WML E B BT A A R Al R (1) e gonn MO AE i A o i ok K A A
RBYATREE g 22. 2% , 0 A1 75 40 M A% B9 R] REE A
®1 XHNAES B2A EANTHAMEEN

Tab.1 Subcellular localization of B2A protein of Tianzhu White Yak %
I ) I A ESYIRIN g2il)iiones H ok 53k 240 J5
Subcellular location Mitochondrial Nuclear Extracellular Cytoplasmic
Al REME Probability 22.2 33.3 33.3 11.1

2.3.4 YE4 B2A HHA AL ST ] Inter- 4) G5 W RIZT YA SE () Keratin-associated pro-
pro TERFRMXTFEL: B2A B BT AT 45 1000 (&1 tein R IS5 H 3L,

IPRO02494 Keratin-associated protein

'» PTHR23262 (KERATIN

i)
» PF01500 (Keratin_B2)

B4 FREESF B2A BEEHBHAN
Fig.4 Domain of B2A protein structure prediction of Tianzhu White Yak
2.3.5 RULHEED B2A M KAPL. 1 B 245 KAPL. 1 BYZ R FF 90 5 A B SOPMA H, 455 (K
FLEXT  f#H SOPMA 7ERERAFFIN B2A B2 H A 6) /M, M E Al o BREX & 1 DAL, &
CREEHI (R S) SRR IR E AR S 24 0. 6% ; SEREE S 30 NEILRR, 5 18.07% ;B A
ANEIEWE, b715.38% ;B & L AEIRm, 1 AERRR, 5 0.6% ; BB 134 NEIERR, 5
0.64% ; LA & 131 2R, 5 83.97% . % 80.72% .

A 10 20 30 40 50 60 70

I
MACCSTSFCGFPTCSTGG TCGANFCQPTCCQTSCCQPISIQTSCCQPTCLQTSGCETGCGIGGSIGGSIG

eeeecccc C CCCCCCCCCcCCcCcCccCccccccccceeccccce ~ceecccccccocccccaeetcocee
YG6QVGSSGAVSSRTRVCRPDCRVEG T SLPPCCYVSCTPPSCCQLYYAQASCCRPSYCGQSCCRPACCCQP
TCIEPICEPICCEPIC
B
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A. B2A EUERR T I 4% “RAEH R IT BARAL B SEAREE (o) (B A (1) ERLEM (o) ;
B. B2A “ AR A R B IR IR B A oML
A. The specific location of the B2A amino acid sequence in the two stage structure unit; extended strand ,beta turn and random coil ;
B. Schematic diagram of B2A two level structure ,vertical bars have long to short respectively : extended strand , beta turn and random coil.

Bs5 XHRAES B2A EAM_REMTN
Fig.5 Prediction of two structural protein B2A of Tianzhu White Yak

2.3.6  RHLEYEL B2A A KAPL. 1 2 FARIMRSFES  Furin-like 25K (FU) ;1M KAPL. 1 21 (8. 3)
FBT P AE LA/ SMART F0 KA FHAEZE & 6 D55 BR 75 F B2A EHME &R 3 4
B2A #E I KAPL. 1 45 AR ST D RE 45 A4 B, 45 SEFIRAN B 5 A LT TR 45 4 38 ( Chitin binding do-
R B2A BHESA 3 AEME(E 7.32) 4000 main, ChiBD1) | BEREF A KA 249 (Homologues of
S 2/ Bz o 25 [ W5 52 itk 435 #4) 38, ( Defensin/ cortico- snake disintegrins, DISIN ) FI M. 45 1 1l & 9% A+
statin family , DEFSN) | £F4E K45 & 45 #950 (fCBD) Al (vWF) C H2545948, ( von Willebrand factor type C do-
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T T T T T T
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" 1 L L I n i n

20 40 60 80 100 120 140
A. KAPL. 1 EEERRTF I 4 R BATTEARNI B o BEHE(h) FEM4E (e) (B S (1) |
ToMM () ;B. KAPL. 1 &5 MR IR Lk th K B0 9278 o IBHE JEMEE B M AT B

A. The specific location of the KAP1. 1 amino acid sequence in the two stage structure unit:alpha helix, extended strand , beta turn and random coil ;

B. Schematic diagram of KAP1.1 two level structure,vertical bars have long to short respectively :alpha helix,extended strand and beta turn and random coil.

Bl6 XHAEHS KAPL 1 EAKNZREHTN
Fig.6 Prediction of two structural protein KAP1.1 of Tianzhu White Yak

961
41~98
s =
DERSN] | BERSN!
AT ey TAA ATG TAA
fCBD &5
H7 RREES B2A BANEEES HE = A
Fig.7 Distribution map of Tianzhu White Yak — T
B2A protein functional structure domains 8 FHMAEL KAPL 1 EATEEEHENHE

£2 XHEES B2A BEEIEEEHESH

Fig.8 Distributi f Tianzhu White Yak KAP1.1
Tab.2 The functional structure domain analysis '8 istribution map of Hanzhu te 14

of B2A protein of Tianzhu White Yak protein functional structure domains
— 2.3.7 RULHFEFFIEEA B2A Al KAPL. 1 R AR
B)ﬂf?ui/ L YRGS Furin-like " o\ .

# K gﬁﬁiﬁ% P Prav MIFHI L AR Clustal X f HERT 45 7R, B2A
Name HIRERC enp FU R T KAPLL 1 4 (597633 P fBRE T 10
B Start 4 15 41 LR LB FE S SR (C) CQPTSIQT,, 4% 41
Z |k End 30 46 98 {RSEPERS R ANAE 17,19,22,23 25,34 ,120 F1 164 ( LA
E-value 949 570 1 180

HAHET S AU ) 3% 8 ML A 257 (K9) .
®3 XULBES KAPL 1 EAINEREEMIESHT
Tab.3 The functional structure domain analysis of KAP1.1 protein of Tianzhu White Yak

Sk B £/ B 2 LT Rk IREEREE F4EEL5E Furn-like MR AR N T
Name ] st % T 285 ik ChiBDI [ 2 Yy 5 hy ik Eeqap ELT R (VWF) C U253,
DEFSN DISIN fCBD FU VWC
AR Start 4 8 9 15 51 69
2 1| End 30 35 61 46 108 116
E-value 1730 1 080 245 812 1100 618

¥4 Bos grunniens KAPL. 1 Ji
#4 Bos taraus KAP1.1
¥4 Bos taraus B2A

#4: Bos grunniens B2A

¥4 Bos taraus KAPL. 1
#4 Bos taraus B2A
¥4 Bos grunniens B2A

E9 B2A 1 KAPL.1 EASEBFEIILLERE

Fig.9 Comparison of B2A and KAP1.1 protein amino acids sequence
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2.3.8 KALH4ES B2A Ml KAPL. 1 2 ) = 4% VIIEIZ 451 02 B2A SR =20 2549 , 1 KAPL. 1
MR WT =AW NS —RasmBEkA— (B 11) BT {F BN 80. 4% , i B Wl iZ 45 14
FE, BT LIS B ) 25 5 AR KA R], 38 4 Phyre2 75265 KAPL. 1 A =gty WNEPRNMTTUER, G
PEFEMA B2A A KAPL. 1 S RAY =454, 10 254> KAPL 1 FL B2A £ 717 2 4> B H MMl 2 Mt
LSRN B2A BRI TSN 72.8% 0 sk,

B ¥4 Beta turn B ¥ Beta turn

‘\ HEffEE
HE{HEE Extended strand Extended strand
E 10 B2A =REHMTNE E 11 KAPL.1 =RLHHNE
Fig. 10 Prediction of B2A tertiary structure Fig.11 Prediction of KAP1.1 tertiary structure

#&4 B2A 1 KAPL.1 EAIhEEHM
Tab.4 B2A and KAPI1.1 protein function prediction

£ PR Name E A IIfE Protein function fEHHER Prob SEIHER 0dds
TIReuwE MR A4S M Amino acid biosynthesis 0.011 0. 500
Functional category A F A9 YA Y Biosynthesis of cofactors 0.210 2.917
YR Cell envelope 0.033 0.541
40L& AY Cellular processes 0.030 0.411
]} Central intermediary metabolism 0.048 0.762
it Energy metabolism 0.035 0.389
RE R AR Fatty acid metabolism 0.017 1.308
N4 FIMEE Purines and pyrimidines 9.331 1.362
P EE Regulatory functions 0.034 0.211
B Fll%% 5 Replication and transcription 0.020 0.075
F115% Translation 0.071 1.614
32 F145-4 Transport and binding 0.773 1.885
JEA L J& Enzyme 0.368 1.285
Enzyme/Nonenzyme 7 Nonenzyme 0.632 0. 886

91 44-B2A Bos grunniens B2A
#4-B2A Bos taurus B2A

B2 KAPL. 1 Ovis aries KAPIL. 1
3ILEB24 Vicugna pacos B2A

Jeifi# B24 Loxodonta africana B2A

I,B2A Equus caballus B24
El_? FLHANARKAPL. 1 Dasypus novemcinctus KAPI. 1
59 FaEARB24 Saimiri boliviensis boliviensis B2A

#¥B24 Ovis aries B2A

60 56 7K4-B2A Bubalus bubalis B2A
WIE%#WL 1 Bos grunniens KAPI. 1
96 #4-KAPL. 1 Bos taurus KAPL. 1

51 /NERRLB24 Jaculus jaculus B2A
4|]| E HEIKAPI. 1 Callithrix jacchus KAPI. 1
59 97 FABAEKAPL. 1 Saimiri boliviensis boliviensis KAPI. 1

SEERSEEIMRKAPL. 1 Tarsius syrichta KAPL. 1

42

45 —— MAKAPL. 1 Homo sapiens KAPI. 1
86 {EWBBEKAPL 1 Pan Paniscus KAPL. 1
46 88 HEKAPL 1 Pan troglodytes KAPL. 1

R AEHBRKAPL. 1 Papio anubis KAPL. 1
EEHEEIKAPL. 1 Nomascus leucogenys KAPI. 1
P VIENEEEPEKAPL 1 Pongo abelii KAPI. 1
— \13B24 Capra hircus B2A
84— WFFKAPL 1 Rattus norvegicus KAPI. I
B 12 NJEHE B2A 71 KAPL. 1 EER# R

Fig.12 The phylogenetic trees constructed B2A and KAPI. 1 gene by NJ method
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2.3.9 RHLHFES B2A F1 KAPL. 1 &AM RET
W S8BT AR AL ProtFun2. 2 A 45 5 (2 4)

7,2 PR TS S A B0 S8 4 — 2, IRLAY 3Rs 2

35

98
s —
2
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REAYHR 1] IEWTX 2 FhEE AR Sz A JFH
R HA MR EN

$ELFKAPL. 1 Bos grunniens KAPL. 1
H4KAPL. 1 Bos taurus KAPL.1
7K4B2A Bubalus bubalis B2A

2 %KAPL. 1 Ovis aries KAPL. 1
#¥B2A Ovis aries B2A

$E4FB2A Bos grunniens B2A
F4EB2A Bos taurus B2A

2LEB2A Vicugna pacos B2A

M %B2A Loxodonta africana B2A

9%Br— HiEIHKAPL. 1 Callithrix jacchus KAPL. 1
L #AEMEKAPL. 1 Saimiri boliviensis boliviensis KAPI. 1
/MEEFB2A Jaculus jaculus B2A
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Fig.14 B2A and KAPI. 1 gene sequence alignment
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