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Abstract In silico analysis were performed between some species for hemoglobin characterizations specialy resistivity to
glycosylation. Multiple alignments of both hemoglobin subunits were revealed
L-K-V-K-E-G-E-A-L-R-P-T-F-F-D-L-S-A-V-K-H-G-K-V-H-D-L-S-L-H-K-L-V-D-P-N-F-L-L-L-A-F-T-P-A-K-V-L-Y conserved in
camel, human, cow and horse entirely. Hemoglobin segquences are well conserved in

W H . 20154209 H 07 H evolution and between species. Camelus families HBA were in same cluster (91%
P2 HM: 20154209 H 07 H
KEAW: 2015409 H 07 H

bootstrapping). However for HBB they were in same cluster (95% bootstrapping).
Camel hemoglobin appeared to be more basic than either that of other species. Based on
isoelectric points, camel HBB has high mobility than HBA in electrophoresis. The

1
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charged and hydrophilic amino acids of hemoglobin in camel were more than human. The non-enzymatic binding of glucose to the

protein or HbAlc is reveded both subunits hemoglobin in human is resistance to N-glycosylation but camel HBB is only resistant to

O-glycosylation. HBB is less susceptible to glycosylation than HBA. Also HBB has critical rolesin camel for instance resistivity to

glycosylation and diabetes subsequently.

Abbreviations HB, Hemoglobin; HBA, a-chain of hemoglobin; HBB, B-chain of hemoglobin; GHB, glycosylated hemoglobin;
AA, Amino Acid; NA, nucleic acid; Vs, versus, p |, Isoelectric Paint.

Keywords Insilico; Multiple alignments; Hemoglobin; Glycosylation; HbAlc

BREE 2 T DA By A4 20 23 B SR Ry
T IMAT R A AILLL SR A2 53 A AE BRI A 4
THIPIFIERE E . EAVRE T A B A — Lk
PR TCEHESI D . B HESH) rh () AT 25 1 454
NERE AT B S — I I P LA A 454,
2T 3R 3 [ 2 — A nl 30 ks 4 45 A B o T
BRIR T EMIEER] . BN AL 2 A4 b &
ZBERI 5> TN 15 kDa f[a(2):B(2)]1 MU A I 415
H, Hrrg s g & i A IR S S Ais i El
A G R DL 1A EARET 212 (Dickerson and Geiss,
1983; Paoli and Nagai, 2004; Pairet and Jaenicke,
2010). F& 1 38 5ERFASMEINH FLAN Y 1 2140 L 1)
RRERTEFINTE ), ERETER R ME Y, I A
/b (Goniakowska-Witalinska and Witalinski, 1976;
Azwai et al., 2007). &3¢ LA MRS PR I
BAEYUE, FIa% Y e ik H R a6 AR AR
240 % T FEARE ¥ W h A 2 B 2 (Oyewale et al.,
2011).

WA ML 2T 2K 1 (GHB) Bk 36 37 5 2 )3 2 H 6
AT N- A 3 40 22 R <[] 1) JE B AH HLATE F AN HB 1) B
BER B IR TE ), W RES| 25 HbALc-a AU
2125 R S B R 97 (Rohlfing et al., 2002; Wautier
and Schmidt, 2004; Soranzo, 2011). T HbAlc K
WA I B i, JLHFRE A A HbAlc
TR EE SR PP At A R 42 1 R A PR S 3 s 10
Bt GHB IR AN AT, HAELL A0 b 17K
T MBER . GHB [IIllE J5i%AE 20 4l 70
FEARE RGN, R mEEGIES, Hog
BEUE B 51 RCHE R IRTT SO, S EcE AR
il HbAlc 2 H 4 5 NI MBEK AR, Hn]
RE -5 HoAh h W MLFE 7K ~F47 55 (Nathan et al., 2008;
Shahbazkia et al., 2010; Bazzi et al., 2013). & T4 3
i RIVRE 2 B 2 TR AR G, AR AR R R A i
FERAT DA A TR, N-JERE, O-Hf:, C-iEH:,

Copyright © 2015 BioPublisher

P G-i%ERE, Horp N-FI O-E B2 5w UL Bl o
b1 3 (Chauhan et al., 2013).

% e FH A v 1) R VR BE B D (9.7+2.8 mM) (=
K FI(5.7£0.73 mM)(BAKK ). B85 H =K
{14 IR R BE A2 T RO ) JBR & R AP RE ) 51
fJ(Jirimutu et al., 2012; Bazzi et al., 2013). J&5¢A14f
rhopE AL I 2T 38 (1 (GHB) /K -3 1A 3.4+0.23%711
32+0.11%. FEEImE N EFRE T, B85 Hb 1)
ECHE A 2 B 0 6 DR 2 7E o ] TR FE IR 9P Hb
T ¥k (Bazzi et al., 2013). H#E Oyewale %5 A
(01) FIRFF 7, PRI IR I I 2T 2% (A N A FE VD
TFE ST NI AEAE SRR AL T — N BRI S0, 9%
I Hb RIS b NS4 1 15 418 1 3 s i e
WKiTF # (Oyewaleet al., 2011).

HAT, FHIC2EE O IE T 1) £ 240 B A
L A AT T REMHE S (Lin et a., 1976
Braunitzer et al., 1980; Farooq et al., 2011; Oyewale
et al., 2011). Oyewale %5 A (2011) Lb 55 T 7EAS R 3445
{50 K FLIE L% 3¢ (Camelus dromedarius) A9 (Equus
asinus) Z [ LT A fatE . A ATEE B T I fi A7
I () 2 b, 2140 MRS AR AN pl i AS 0 AT AFES%
JE MR BET AT & B KIEEEEH
(Oyewaleet al., 2011). Bazzi 25 A\ (2013) % Bl u&5e rh
) IR VA 2 (9.72.8 mM) 5 e F FLFE LA I 1 2% (4
B BB (3.4£0.23%) , (H A& 2 LI 70 8] 26 HREAR
[ (5.7+0.73 mM) B HE 34k 1L 21 25 1(3.2+0.11 %)
WH B2 75 (Bazzi et al., 2013). B&5E I i b v A
T WA FEE AR (PR W 35 1 S 7 o ) W R B T DAAR
1 Hb ARANEIEA . FEEEAL Hb 17K A AT A
ST RS 7K, 2140 75 i R 2T 40 B S35 325 1 11
Mg, T HLE R TE B A R U7 THI (Ardia, 2006).
Borai % A\ (2011)# 1% HbAlc 7 AR iR S =itk
() — P {E R PTEE AR B, DA SRAR IR g A
X IR P TE RSN TR A 2 i 52 P (Borai et al.,
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2011).  ARHE LAAE SR T AL R AR PR R AR H
(IR TT, BTk 58 W TEH 0 JR B I e, XU,
FPOgsE, A4, NFEMERIMAE RS . Lk
AEAAL K. A IESERA LA o 1 U 7K1
(ER IR JE MR P AR AR B /D T IRATA K
I, HB JEFEfK] DNA M1 F 5P FI7E e S i) 4
Z ) EAT LB LLBIE T B A0 ) 04 AN i F B R
o

1B 5
11 #HElE

A YD ECHE ZE 51 40 Uniprot Il KEGG 3545 /1 T
FLIGDETE . WUEDE, BFIRTE. 45 ASKFIEM AA
A HB(a F1 B W IE)ZER(NA) T H1(R 1).

1.2 3%

FFAE 4Bt Lasergene B4k N & LR
(*.pro). [FIEFH IS BE 2h FASTA %5 (* fas),
AP ACH B TR R A s . AR MEGA
501 (Tamura et a., 2011) fil CLC Genomics
Workbench 7.5 #2F{# ] ClustalW i &5 )
AT 2 EF AT dE L s 2T Kimura
I S PREN UPGMA HEATHERT. UPGMA B
AR A,

1.3 BE AR

4R 145 K925 48 ] Alpha Deléage F11 Roux St
Nishikawa 1 Oo0i(1987)1& & J& 11 77 v 3t 47 T
(Deléage and Roux, 1987). F|/f Protean # {F
(DNASTAR Inc., Madison, WI. USA)Jll & 2 4 i 45
P MR SRR L IR AR T AR

1.4 FEEREH TN

® M M A fE ExPASy MWk
(http://swissmodel.expasy.org) ' #&  ft [H
SWISS-MODEL Fiil i 2 - [7] 5 14 el A5 1 1L 41 2 1
T EE I = R M o Z AL T A T AR AT 1 I
T M T AE G EE R R F A5

1.5 N-F1 O-BEE:Ab AL A TR
FERX IR FEA, FRATRIFH — AN 0 2 e 55 4%
GlycoEP(http://www.imtech.res.in/raghava/glycoep/su

Copyright © 2015 BioPublisher

bmit.htm 1) 5 AE g TN SE BE VA A AR HBA
HBB sl &b 5 8 (15T R AR R4S & (W 7E HbALc 1)
UL N BEHE . O BN C BER IIBIEAL AL K

1.6 thEEAR

NT IR PR, FRAEH BlastP 7EFTHE 2
IR b I — Sebr e, ElinERYE, (RSP, —3X
PEFD Eff, JFH%E: NCBI Homol oGene tf 28 LA
AR K. &5, 34T PSI-BLAST(fif
B IEIEA BLAST) DAMEAE T ik 20405 e vh Ak A%
I 0L 2T 25 1 R 25 B 115 2 (] (1 () 905255 8] (Alltschul
etal., 1997).

2R GV
2.1 M4 E A WER 2 B 75 Xt

Z EFA|LLAHEoR Leu, Lys, Val, Lys, Glu,
Gly, Glu, Ala, Leu, Arg, Pro, Thr, Phe, Phe,
Asp, Leu, Ser, Ala, Va, Lys, His, Gly, Lys,
Val, His, Asp, Leu, Ser, Leu, His, Lys, Leu,
Val, Asp, Pro, Asn, Phe, Leu, Leu, Leu, Ala,
Phe, Thr, Pro, Ala, Lys, Val, Leufl Tyr fEfTH
M2 E A b e ARy (B 1) BT 0RsF P51, 7]
DAHENNTE i F i ix e AA R A B/ NRAR, B8R
H—L aa BIONIEI KA R T IR 41 1 1ML
LR . HE Binder 5 (2013)W 5%, FERSFF A
R b, Leu BAA FZETTER, RN, SLEBRX AN
S A R 5 A B A AR AR B R vT e Bl T s 1 A
E FR 7 (Binder et al., 2013). [FINF, 76 & 1 py%Eat |E,
FEFTHE S At b oy AR B T ORE ) AA T IILAD
AN o f B R, PHIHOX R ELEA FPFh 21 2
S5 R A BN RAL . BRI, FRATTRT DAAS A
1218 S5 89 AT LLERS e S 32 35 A8 50 g i, el
T o AT B AELEIRDE . A SRS B IR,
1M B B Bl H AR b b I £ B R SR R R R S
aHBA 1 HBB f45H. ZRFIFRIESG . Wil 3
Fiios, ABEFRREAN AT & AR A — NS5
(domain1).

HA & MEHFINMK As & T
L-K-V-K-E-G-E-A-L-R-P-T-F-F-D-L-S-V-K-H-G-K -
V-H-L-D-L-L-S-L-H-K-L-V-D-P-N-F-L-L-L-A-F-T-P
-A-K-V-L-Y 3B i R 6 T3 e 31 T A
Y8 X RAFGW BV NZ R . B0, IR 1,
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Table 1 a. and B8 chains of hemoglobin are obtained from accessing biological database. Protein names, Access number and GeneBank

following is shown

U5 AR RS, A SRR BRS A GenBank 41T FiaR

Protein names Access Number GeneBank

HBA_ Camelus bactrianus P63105 http://www.uniprot.org/uniprot/
HBA_ Camelus dromedarius P63106 http://www.uniprot.org/uniprot/
HBA_Camelusferus 102513641 http://mww.genome.jp/kegy/
HBA_Homo sapiens P69905 http://www.uni prot.org/uniprot/
HBA_ Bostaurus P01966 http://www.uniprot.org/uniprot/
HBA_ Equus caballus P01958 http://www.uniprot.org/uniprot/
HBB__ Camelus bactrianus P68230 http://www.uniprot.org/uniprot/
HBB_ Camelus dromedarius P68231 http://www.uniprot.org/uniprot/
HBB_Camelus ferus SOWASL5 http://www.uniprot.org/uniprot/
HBB_ Homo sapiens P68871 http://www.uniprot.org/uniprot/
HBB_ Bostaurus D40QBB3 http://www.uniprot.org/uniprot/
HBB__ Equus cabalus F6RDD3 http://www.uniprot.org/uniprot/

Abbreviations: HBA: a-chain of hemoglobin; HBB: 3-chain of hemoglobin

HLA cameius feus M A G T BGEA =1
AL rameis haemans -0 - L L] GERT T W6 B3
HE&A camales domedanius - - M s afiierT T GEA - - - = =3
HBA fguuy cateluy L] A CEPT T HGEA - - - - =4
HEA bos muwus M L EQPT T Ho8 A 24
HEA oMo Sag-ans N A EfPT T HoS A .23
HEE camelus feus A A P T TABAEMHEN =2
HBE cameles bacihanus . A PE T TARA NN 25
BB samoles dramedaneg A A Pl T Talaleun o
HEE homa sags-ens Al BWCER saflA Pl T TERANGN 25
HBEE equus cabalus A scfa BB PH T HECAlMCN S8
HEH bos U 0T EBwsHE A E-HERNREFA T alh BT aBalunng 2

My - LEGXXKT XVEAAMNMGEKVE -HADEXGYXEA LERXXXVEPNE THEXXFPEFGD LSHGSAVM-N

Laasersun

r
_ 7 T - - ] T | —|' I—r I [
i |!il:r' o e -|_!_§|— 1—[5_5 |I| R 1N [NANE] | | 11
TA)
a
|
HAA &8/ Al W 56 TH Haa A A CERTT T (] AGEA 3 &
HEA T B his BSOTAr S - TH Han AR A ClPTT L] L HGEAO 53
HBA coen aius Seomedaras - &8 TH Haa ey FY olPTT T I HEa 59
HEA snusas cababas LE] TH HAG = E CEPTT Li Ll HGEA A“{ &I
HBA Bod Suras ERL | L] J\nltr LERY | =Y T EalerTT HTHEF BGEA Gl w0
WOk b anpaae WEESRABETH lll.l.-'“-ﬂl. HACER:AEAR ERUGEESECTT ETEECHERES dcoAan@EcEHC &0

Consendus

MYLEENDETH

WA KO XG0

HAALAEYGAEAL ERMFLGFPTT HTYFPHFDLS

HG S AD & HD

' [ DT e T 11 PRIV R T T ORI AT
consenaven T T i T 1 TR TTETETT (TTTTRTTE | 1181
1B

3 ' D
HER camaiug e UIII:II'IIIH A“"-‘l l "l' Al AEIENNEFET SECEES TaBaBuNnPR oo
HIRR cormehus BECran s =H g .I.‘ Iﬂlm IIG‘I TafaBuuNER =0
HERE comatus drom edaras = T L E TaBa@unuerl so
FREE SO BBDAE II‘E- :I: I AT SlGEEsS TPrEalucNER Ao
HBE souus cobaras WG .-. FNTQ GEEE HPCAENMGNPE &0
sl pos pures. W . [BEA l & L] T Q lE TaBaBuunel o

A rarim M el L S X N .ﬂ.\.llu w“-\.xu Wi .-'":-"FA 8 ALLYWYPFATE ARFFESFGOLE TADAWMNNE
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111 ]II 11|
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I ITIT Tt}
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1CH

Bl 1 HB WA Z HFHIEX. 1A) MLE AN o F B HEFEN, FKIFHIETEFIXIEDE, BFAEXUELE, 4 AE 2 (A7 51 X
1B) At g Wi 2 (B AT 8 (1 A 57 FIELST. 10 B s Fh 2 AT & H B FE/F 4 ELxt. A8 RISk AR <7 7 51045 B 4% (-
I AARCEN BTN

Figure 1 Multiple sequence aignment of HB subunits. 1A) o and 3 chains of hemoglobin were aigned between human, domestic one
and two-humped camdl, wild two humped camel, cow and horse. 1B) A chain of hemogl obin was aigned between mentioned species.
1C) B chain of hemoglobin was aigned between mentioned species. Identical gaps and conserved sequences are indicated by dashes
(-) and pink columns respectively
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EAMIMa®E A o WEED S,
A-A-G-A-W-V-S-G-A-A-A [1] AA(RFEIR)FF 5437
B — A AL ) SK-T-T-F-1-G-A-K-G-D Bt
AN, EREAMIENMAEA o WIS,
SK-T-F-I-G-A-G & F 1R 7 41 43 ol 9 N 2K iy
P-A-A-W-V-A-G-S U, Xt E/R1E T RAEKEE
(R4 S (B 2)0 76 5 N0 35 () B8 e Rk 2 B) 5 R 3
QAR IR, AEEXT T AR AR R T = A
R U (B] 1)

R, B AT RV K AT B A 7 40 (E L R
Z [A) AR ST £ Camelus 5 Jif(Camel us bactrianus,
Camelus dromedarius A1 Camelus ferus) i1 B 5% /7 51 (1)
—eigsrth, H, D, N, H, G, S, K, VAIDH)
AA#Q, E, A, L, A, D, N, EFMERt, =%
FHggpRld S, G, D, N, H, G, S, K #1 R ¥
AAWET, P, E, S, T, A, G, Nl QHUX.
I, 7RSI, PRl G EEIR 1 R TR IR —
Z K, IR S AR AT R R SR A
o Fk, FARTEMSIYIE NS R PR B T R
18 7 BB MEH . Lin Z(1976) 7T oK,
T BAE IS 6 AT 8 IR E N ML R A2 1), 7 o
HEM N-Kuiy 20 NMEIETRTREEH R 6 MM E
S, WR¥E. 4512,1417,19; £ P HEh, EALE
4,5,6,9,12,13,16 f 19 &b &I T 8 M AR IR . 7F
o5Ala—Lys 1 B1OAs—Lys b (BRI i 1 5% B¢ (1)
IE FLA TR A, TR A B E S
(Linetal., 1976). Pieragostini % (2010)7E x4 54
P B Y T I AT A AR AR 5 R R S O
P = X (Pieragostini et al., 2010). Braunitzer %5(1980)
Foon, B UESE HBA Hh 57 AAsFIHBB ' 21 AAs
SR R R AR A . AR, A ATTHES: B B O T
NI TRTE ) AAS 75152 A [H] f) (Braunitzer et al.,
1980). A1, FRAMRBEE T & [ 5 s K TRk
AA BRONZIRAEH, K2 anfeT 34 hn i 21 8 (00
SRR J5 B RIS 1) R BH 2 1R5E 2

22 RERBE T

i 2 FEATR, SUETEMETIRIEH Y HBA 1E
100% bootstrapping o J& T-[7]—WZ#f, SHIER o
TEEEAHAR . Camelus ZK 1) HBB 5 ISR ALL (K 2).
T XU O R LG TE. o-BE 5 N R RAK B EE RS
RTHMG(E 2. RGEKENER TR, $

Copyright © 2015 BioPublisher

W gE R R B (Y B R (HBB)7E [F — W 95%
bootstrapping, 55% bootstrapping i & J& 1) HBB.
5T 2 o HBA 7E L R4 TEAH A LA R 2 A 39
% bootstrapping, {H/2iEE AKM HBA. RAKE
SINTUERA, RN IALER IR AE A 2 DR 51 1,
I BB T 5 A R R E ThRE AP RE .

23 E&H|BEHRM

HBA 1 HBB 14> 8 IF 41 S 71 9% Be B} A2 AH [
(1), AHRFEAANFETIHMIFEE 2). HTE2, I
g & v i 21 B S L A (p) TR TN,
AE (R 2). FsL b, WP ERTER pl
SR, AR B&GE 4L A A
AL N ZRBE 22 R 1 FE A 7 L R SRR - pll

% |

b =
% i &
A 3 y
w - E
?'"_;. il &
% T 5
5 4
e ] # .
, Fi o
i g, b ., o
g - o
7 My §:"
4 - ]
| 1
L'W" | _-II* ."n:}
% e
O il
n s %, -
e g N o
T Zna| a5 Yo,
7 )
-C? g ":':'.
&

2 UPGMA (W [R5 TH . Gl A F 2 T JTT A PR Y
UPGMA J7ik#fEWridt4L 7 5. 1000 ~EE K bootstrap
consensus tree TR KRB AT L. B R ESERINVILE
WESIASIT . ZHE R 12 N EER T

Figure 2 Circular cladogram by UPGMA. The evolutionary
history was inferred by using the UPGMA method based on the
JTT matrix-based model. The bootstrap consensus tree inferred
from 1000 replicates is taken to represent the evolutionary
higory of the taxa anadyzed. Initial treg(s) for the heuristic
search were obtained automaticaly as follows. The andysis
involved 12 amino acid sequences

TEYETE HBB H AN KT HBA(GR 2),
IRA TN NS 5558 HBB 1) &l # %40 L HBA 78
L VKRB S OSSR, BRATIA N IESE
FIWEH HBB & s s b ARIZE 2, (HR N T
(% 2). #A)Gul, (EIRIEFIANZEF1H B 55 (HBB)
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BHABPEA R PERRAE, SE T T DU R A .
TE LK R R B B R IS R, IR BE AN
HBB 7& FL Uk ] 7 0 BA s AT 2. BR T
Bazzi 4 (2013)4F B A7 J& JE I 41 25 11 2 A Hb N84
1) IF 5 Il 21 8 (1 58 & 1) F VkOE B K (Bazzi et dl.,
2013). H:T3R 2, XU RILE I I Y 1) i 41 8
(HBA)I) o HEIY pl fEB & T 9% 58 )& (9.33) . MMM
LR AWAEMIELE pl Lk AKZ (R 2). RIEHTFL
AN 2, TANE R B AFFIIELE Z (8] HBA (1%
AN A BRI A 2 R AAE . B, FRAT3AR
A A 1 52 380 3% B 1f 21 85 11 16 B /N il SR AL TR 2
B, 5 NAH G, 3% B 2141 i m] fit o B 1) 2 b
iZ. OyewaleZF A\ (2011) % UK B¢ 21 40 b B 2144
Jfa B8 i v if (25 b 92 3% i 1 )(Oyewale et al.,
2011). FEIXIAFFCH, Wil 2 frs, BR5E S0 AT
HE S5 N AL B A & He ] i SRk M R R (1)
M) (9 i N FIBRIE K] HBA 43 %19 20.42 il 21.28),
I HIX A8 15 5% ¢ 1 21 5 1 B A o8 /K MEAE 3% D6 ik
1 HBA Al HBB [ Hifaf A(ZEEIR) L NRZ (R
2). R4 Bazzi 55 N\ (2013)F KI5, thrl eI 2%
i 1L P A2 A 3 TR 75 B 21 40 AR 1 P9 3R B8 4 R I
W pH HIARL AT fEFT Bh T HbAle /KT (I 4K . 1976
CEREHEIA TSI A AT T S HBA TE4UHK vk
A 2 IE AT, FEE R — i K
(Linetal., 1976). —YeiFf NAERR, 54, 4%,
= H& AR NRHARS AL, SE5ERI 2T
Jf e v if 5 B i (Al-Qarawi et al., 2004; Oyewale
et al., 2011). T2k F 3% 58 I I 20 2 1 AE Al s iR
JEE TR PR AL T 3G R YD I I AR 2R (A R 1 T
(Balasubramanian et al., 2009) . 7£i5 % AN AT (5 2 (144
SR LT gu i b K B EL LR NI =A%, X P
5 S00IK D 21 20 B X2 3 AR Ak AR T R B 14 (Bognera
et al., 2005). 1INt &2 i 48 [ (GHB)I)
B 2= 4k 1 5% i 4% IE B — #F (Miksik and Hodny,
1992).

2.4 [RVE MR &

TR 3 PERIER, XL RIELE T
HBA F1 HBB [FAH LN 100%, - H BA 100% 7%
#H(ER ). I, FEIRLESKTEY HB(HBB)H B 4k
FIFRRIME & 100% F1 100% B & 5. Hb [ o F1 B
XNy 84% AHMME, fEIRSERIFI AR M BA
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100% #1785 &5 % . BT SR Hb 1Y o 55240 A1 A
U491y 85% A1 86% . BRIEZ I S54EFI L1 B
A ACLRE 73 39 83% A1 82% (% 3). Altk, 4L
HEM o F1 B EETEAT IR R R, BTLL, W
PR E AR T MR (A A T AE

25 AR MEE

B T4 FH EXPASY W25 iR 55 5 1 [ 05 14 S A5 1)
o F1 B HE(HBA F1 HBB) I — 2% 25 f4 (1) Tl (¥ 3 B
e HBA R =2 45 AR S& JE R 505 o A A AL
(1), FfH N-EBRIEREE Asn, X AT REZ A&
RARAAE Ho 1) o B 5121, F, 8 AT
PR FE AR, 9] i i 46 I 21 2 1 1R e R BEE )
IHAEAS R F AR G I A0y, & 8] ¢ e R S
o F1 B BE R RESE I L0 R (OB Th RE . I
3 ffi7n, HBB Al HBA [ =457 3% Je Bl XK
AR FEI, HEART AEKWE 3. wE 4 FR,
FT iRy F e HBA F1 HBB (KRR & 4T 25, 4L
ZINER 5RHE 2k, P E AW A7 #R 2 EHis
R, RAVEAXHEOAEESR, T HFEERE
B, TEIRIERIKET HBB [ =2 S5 MR v RE e A
K1) a-fE(E 3). RERTE 3 1FsL, WBIKE
H1) HBB X HEEA R G A E . Wil 3 fr
N, FEZRIFFAEF AT Asn131 F1 Asnl132 %if-F
HBA 1) N-FEZEAL & Z) IR 24 1R, 2R 1A HBA
MIFTE Asn #LEA X N-FEEALIPUIE. RIS
HBA Fl5%5¢ HBB Z [A] (AL S5 1), AT 115 H 451,
N HBA B X N-fEb iyt mankE 3
Ji7x, HBB HEAG L HBA B/ N-FEEAL A7 B
I, HBB tt HBA B £ #h 2 5 K4tz sl . WiFifrid,
HBB 17 7L BT 2% [S 4 Fh o2 s FE AR =7 1Y, 1
VRIX RS T A1 AR s H I G EH

2.6 FEEALAL R

% BB 5 8 A 5 1 AEBESS A& (WHFE HbALC (B UL R)
[PIRE AL TN 2 2 T = e ik (BPP) B A AT o AT B
HEMIREIEAAT ST E5 R RORTER 4 AEZIE A,
FEFTH S (I i A K IATAT HBA Fl HBB (1) C
R . C EERPE AL AN I, IF
HAEH A RIVREEERBIL A 75 W-X-X-W 5
W-X-X-C 8% W-X-X-F(H 1 X 24T AT AAs) F I —
Trp M5 b (Krieget al., 1998). #£T HBA H1[1)
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N-FERALIER 4, FRATRBL T WG JE FH UG 3g o
Asn131 [ LEIFIREHEAL AL AL, TP S% GE T Asnl32,
{HE N XS T AS LA 8 R 3% R s g 7E 1)
N-FEIEAUAT SR 4)o T8I i) S0 18 o 225 4 ok
P N-EEFERIRE AL, Asn Y N4 4% SRR 53
A Asn-X-Ser/Thr, o X ZBRIHEIRZ 4N
I (Gavel and von Heijne, 1990) . 7E X I 55 o,
BATVRIIGR o A 7 5l HBA Y 7E O-FE L

Ser3-Ser4-Thr8 Al A1) Serd-Thrd2(3 4). #T% 4,
o ML ETRE S 52 O FEEAL, Rl 2 BFgse.
# 3R HBB 1) O-WEJEAL, FRATKIAENSE
HOR Thrs BATELEEEEIL(GR 4). A A E X
J%5¢ HBB i) O-FEFL LUK . O-FEHEA i@ )it
B PR R AAS BREEII NI BIHETT R R, Fridbk
FAHE Ser, Thr LARAE—EFRFE R RN
5 B2 (Christlet et al., 2001). Ht, A5 H 458,

X T O- Bl A A2 B, B 0 dn 5K BE

Table 2 Composition of hemoglobin. Predicted structural class of the whole protein: Alpha Deleage & Roux Modification of
Nishikawa & Ooi 1987
2 MLEAMAL. A8 QB4 7525 AlphaDeeage & Roux Modification of Nishikawa & Ooi 1987

HBA HBB
Cb C.d C.f H.s B.t E.c C.b C.d C.f H.s B.t E.c
MW(kDa) 15.172 15.172 15.303 15.257 15.184 15.245 16.245 16.245 16.364 15998 15979 16.139
Length 141aa 14laa 142aa 1428a 1428a 142aa 147aa 147aa 148aa 147aa 145aa 147aa
pl 9.39 9.39 9.33 9.12 887 9.12 8.71 8.71 9.05 7.11 6.64 6.77
Al 87.234 87234 86.62 90.775 93.521 93.451 94.762 94.762 94.517 93469 92.759  95.442
Ala(A) 0.121 0.121 0.120 0.148 0.141 0.113 0.088 0.088 0.088 0.102 0.110 0.095
Cys(C) 0.007 0.007 0.007 0.007 0.000 0.007 0.007 0.007 0.007 0.014 0.007 0.007
Asp (D) 0.071 0.071 0.070 0.056 0.056 0.063 0.061 0.061 0.061 0.048 0.062 0.048
Glu (E) 0.021 0.021 0.021 0.028 0.035 0.021 0.048 0.048 0.047 0.054 0.055 0.068
Phe (F) 0.057 0.057 0.056 0.049 0.049 0.049 0.048 0.048 0.047 0.054 0.069 0.054
Gly (G) 0.064 0.064 0.063 0.049 0.063 0.070 0.088 0.088 0.088 0.088 0.069 0.095
His (H) 0.078 0.078 0.077 0.070 0.070 0.070 0.061 0.061 0.061 0.061 0.048 0.061
lle (1) 0.007 0.007 0.007 0.000 0.000 0.000 0.000 0.000 0.000  0.000 0.000 0.000
Lys (K) 0.092 0.092 0.092 0.077 0.077 0.077 0.075 0.075 0.074  0.075 0.076 0.075
Leu (L) 0.128 0.128 0.127 0.127 0.141 0.148 0.129 0.129 0.128 0.122 0.117 0.129
Met (M) 0.007 0.007 0.014 0.021 0.014 0.014 0.014 0.014 0.014 0.014 0.021 0.014
Asn (N) 0.021 0.021 0.021 0.028 0.021 0.028 0.061 0.061 0.061 0.041 0.055 0.048
Pro (P) 0.043 0.043 0.042 0.049 0.042 0.042 0.027 0.027 0.027 0.048 0.028 0.034
Glu(Q) 0.007 0.007 0.007 0.007 0.007 0.007 0.014 0.014 0.014 0.020 0.021 0.027
Arg (R) 0.021 0.021 0.021 0.021 0.021 0.021 0.041 0.041 0.041 0.020 0.028 0.027
Ser (9 0.085 0.085 0.085 0.077 0.092 0.092 0.048 0.048 0.047 0.034 0.041 0.041
Thr (T) 0.071 0.071 0.070 0.063 0.056 0.063 0.027 0.027 0.027 0.048 0.041 0.020
va (V) 0.078 0.078 0.077 0.092 0.085 0.085 0.122 0.122 0.122 0.122 0.124 0.122
Trp (W) 0.000 0.000 0.000 0.007 0.007 0.007 0.014 0.014 0.014 0.014 0.014 0.014
Tyr (Y) 0.021 0.021 0.021 0.021 0.021 0.021  0.027 0.027 0.027 0.020 0.014 0.020

Abbreviation: aa: amino acids; MW: molecular weight; p | : isoelectric point; Al: aliphatic index; HBA: a-chain of hemoglobin; HBB:
3-chain of hemoglobin; C. d: Camelus dromedarius; C. b: Camelus bactrainus; C. d: Camelus ferrus; B. t: Bos taurus; E. ¢: Equus
cabalus; H. s: Homo sapiens.

HBA ] O- &R HIERALAHEL T N-, C-EESR AR
R AEREZ, 1 HBB FEAETEWIE N N,
O-HEtl, RE o MIEARS T O-EEMIEEE

1, XA VIR TR R R 7RS4 Je A N R TR
2.7 PSI-BLAST 43 (b B 4e 7 1154 BLAST)
FKIEWETE(HBA A1 HBB) 1) o Al B 5 I 21 25 11 1
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Wb Eefs

Table 3 Genome homology of a-chain (HBA) and 3-chain (HBB) of hemoglobin between mentioned species. The criterion of identity
as homol ogy with E-value and query coverage is shown for each comparison betweenspecies

Hemogl obin chain Sequence Indent E-value  Query coverage
Camdlus bactrianus Vs. dromedarius ~ (HBA) 100% 76103  100%
Camelus bactrianus and dromedarius Vs. ferus (HBA) 100% 6e-102  98%
Camelus bactrianus and dromedarius Vs. Bostaurus (HBA) 85% 3e-87 100%
Camelus bactrianus and dromedarius Vs. Equus caballus (HBA) 86% 2e-88 100%
Camelus bactrianus and dromedarius Vs. Homo sapiens (HBA) 84% 4e-88 100%
Camelus bactrianus Vs. dromedarius (HBB) 100% 5e-110  100%
Camelus bactrianus and dromedarius Vs. ferus (HBB) 100% 5e-110  100%
Camelus bactrianus, dromedarius and ferus Vs. Bos taurus (HBB) 83% 9e-82 97%
Camelus bactrianus, dromedarius and ferus Vs. Equus caballus (HBB) 82% 4e-82 100%
Camelus bactrianus, dromedarius and ferus Vs. Homo sapiens (HBB) 84% 1e-92 100%
Camelusferus (HBA) Vs. Camelus bactrianus and dromedarius (HBB) 39% 3e-25 97%
Camelusferus (HBB) Vs. Camelus bactrianus and dromedarius (HBA) 39% 9e-30 97%
Camdlusferus (HBA) Vs. Camelus ferus (HBB) 39% 3e-25 97%

Abbreviations: HBA: o-chain of hemoglobin; HBB: 3-chain of hemogl obin; Vs: versus

x4 IFBFEMARPIMAEA (o F1 B o N-, O-F1 C-HEIEALL AT TN, FEEAKAL, I 75 o 2 1 B
AR LA TR U frs

Table 4 The predicted N-, O- and C-Glycosylation sites of hemoglobin (Alpha and Beta subunits) in Camelus family and human
(Homo sapiens). Glycosylation type, position of glycosylation in consensus sequence and prediction of glycosylation are illustrated

following
Protein Glvcosvlation Tvpe Position Sequence Prediction
9 NVK Non-glycosylated
N- alvcosylation 97 NFK Non-alycosylated
131 NVS Potentia alvcosylated
3 S Potentia alvcosylated
HBA Camelus bactrianus and 4 S Potentia alvcosylated
Ar ~rnndari e 8 T Potentia alvcosviated
O- dlycosvlation 12 T Non-alycosylated
38 T Non-alycosylated
39 T Non-alycosylated
41 T Potentia alvcosylated
49 S Non-alycosylated
52 S Non-alycosylated
10 NVK Non-alycosylated
N- alvcosylation 98 NFK Non-alycosylated
132 NVS Potentia alvcosylated
4 S Potentia alvcosylated
5 S Potentia alvcosylated
9 T Non-alycosylated
13 T Non-alycosylated
HBA Camelus ferus O- dlvcosvlation 39 T Potentia alvcosylated
40 T Potentia alvcosylated
42 T Potentia alvcosylated
50 S Potential alvcosylated
53 S Non-alycosylated
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68 T Non-alycosylated
79 S Non-alycosylated
82 S Potentia alvcosylated
85 S Potentia alvcosylated
103 S Non-alycosylated
109 T Non-alycosylated
119 T Potentia alvcosylated
121 S Non-alycosylated
125 S Potentia alvcosylated
134 S Non-alycosylated
135 T Non-alycosylated
138 T Potentia alvcosylated
139 S Potential alvcosylated
10 NVK Non-alycosylated
69 NAV Non-alycosylated
N- alvcosylation 79 NAL Non-alycosylated
98 NFK Non-alycosylated
4 S Potentia alvcosylated
9 T Non-alycosylated
HBA Homo saniens 36 S Non-al vcosviated
O- alvcosvlation 39 T Non-al vcosviated
40 T Non-al vcosvlated
42 T Potentia alvcosvlated
50 S Non-al vcosvlated
53 S Non-al vcosvlated
68 T Non-al vcosviated
10 NAV Non-al vcosviated
57 NNP Non-al vcosviated
58 NPK Non-al vcosviated
70 NSF Non-al vcosvlated
N- alvcosviation 77 NHL Non-al vcosviated
81 NLK Non-al vcosviated
HBB Camelus bactrianus, 103 NFR Non-al vcosviated
109 NVL Non-al vcosviated
140 NAL Non-al vcosviated
5 S Non-al vcosvlated
17 S Non-alvcosvlated
39 T Non-al vcosviated
45 S Non-al vcosvlated
O- alvcosvlation 50 S Non-al vcosviated
51 T Non-al vcosvlated
66 S Non-al vcosviated
71 S Non-al vcosviated
85 T Non-al vcosviated
90 S Non-al vcosvlated
124 T Non-al vcosvlated
20 NVD Non-al vcosviated
58 NPK Non-al vcosviated
N- alvcosviation 81 NLK Non-al vcosvlated
103 NFR Non-al vcosvlated
HBB Homo sapiens 109 NVL Non-al vcosviated
140 NAL Non-al vcosviated
5 T Potentia alvcosvlated
10 S Non-al vcosvlated
13 T Non-al vcosvlated
39 T Non-al vcosvlated
O- alvcosvlation 45 S Non-al vcosvlated
9
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Figure 4 PSI-BLAST (Position-Specific Iterated BLAST) between a-chain (HBA) and -chain (HBB) Camelus ferus, dromedarius
and bactrianus with different species from GenBank. We found a lot of HomoloGene from different species that each them have
identity with a-chain and B-chain hemoglobin of Camelus ferus, dromedarius and bactrianus (HBA). Maximum score, total score,

query cover, E-value and ident are shown as genome homolo

Copyright © 2015 BioPublisher

10

Jisuan Fenzi Shengwuxue | Vol.4 | No.7 | 1-13



Reza %5

M £1 55 FRAE R In silico 2347 51 0HE 5 A UL B FTIG 17 6 U5

PSI-BLAST (i B 45 7 11548 BLAST) 145 SR Kl 4
Fis. BATRIIELE HB 5 A Fh g . K fE
ML RS2 AHR%Z HomoloGene. M, ATTK
5K 77 U B 1) I 21 2 1 -5 At i L 30 4 BRI B
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A HBA HAGITHER, HItgmmiiiEih. FA1A
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