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Abstract In silico analysis were performed between some species for hemoglobin characterizations specialy resigtivity 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 sequences are well conserved in evolution and between species. Camelus
families HBA were in same cluster (91% 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, came HBB has high mobility
than HBA in eectrophoresis. The 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 revealed 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 resigtivity to glycosylation and diabetes subsequently.
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Abbreviations HB, Hemoglobin; HBA, o-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 aignments; Hemoglobin; Glycosylation; HbAlc

BRER 2 T DA By 44 20 23 B SR SRy
T IMAT R A AVILLL S 2 53 A AE BRI A 4
THIPIFIERE E . EAVRE T A B — Lk
PR TCEHESI D . B HESHY) rh () AT 25 1 454
NERE A B S — NI I P LA A 454,
Z LT 3 5 A — Nl ok A 45 A B Hp o T
BIEF AR . BN AL H 20 i
ZBERI 4> TN 15 kDa f[a(2):B(2)] U A I 418
H, Hrrg s g & i A IR 4 S i Ais i El
A SR DL 1A EARET 2 4% (Dickerson and Geiss,
1983; Paoli and Nagai, 2004; Pairet and Jaenicke,
2010). F& 1 38 5EFFLASMEINH FLAN Y R 2140 L 1)
RRBRTEFINTE ), ERRER MR, I i
/b (Goniakowska-Witalinska and Witalinski, 1976;
Azwai et al., 2007). & 5EARH LA M RHEE PR I
BA®EM, Fkewy & s s LR G AR
240 % T FEARVE ¥ W h A 2 B ¢ (Oyewale et al.,
2011).

WA ML 2T 2K 1 (GHB) Bk 36 37 45 2 I3 2 H 6
AT N- A 3 40 22 R <[] 1) JE B AH HLAE F AN HB 1) B
HER IR FETE i), 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 TS SRVTA A Dt A ot X A R o B TR 52 . 10
Bt GHB IR AN AT, HAELL A0 b 17K
T MBER . GHB FIIllE J5i%7E 20 4l 70
ERE RGN, R EERrELR, Hosg
PR BA 51 RCHE IR IRTT ISR, S EcE AR
il HbAlc 2 BH 4 5 NI MpEK Ao, Hn]
RE-5 HAh h W MLFE 7K ~F47 5% (Nathan et al., 2008;
Shahbazkia et al., 2010; Bazzi et al., 2013). & T 53
i RIVRE 2 B 2 TR AR G, AR AR R R A i
FERAT DA A TR, N-JERE, O-Hf:, C-iEH:,
P-EEEAN G-3%ERE, Mo N-FI O-ZE B2 5 UL B
b1 3 (Chauhan et al., 2013).

% e FA 2 v 1) R VR BE B D (9.7+2.8 mM) (=
K FI(5.7£0.73 mM) (B AR T). B85 =K
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%) IR AT BE A2 BT RO Y JBR & R AP RE ) 51 A
fJ(Jirimutu et al., 2012; Bazzi et al., 2013). J&5¢A1f
rhopE AL I 2T 38 (1 (GHB) /K -3 1A 3.4+0.23%11
32+0.11%. FEEImE MR T, B85 Hb 1)
ECHE A 2 B 0 6 DR 2 7E v A T PR FE T IR 9P Hb A
T ¥k (Bazzi et al., 2013). H#E Oyewale %5 A
(201) FIRFF 7, FRLIA IR L I 2T 8% (A A FE VDR
T FE AT NI AEAR SRR AL T — N BRI S0, 9%
I Hb RIS b NS4 (1 15 L4158 1 3 s 1 e
WKiT R (Oyewaleet al., 2011).

HAT, FHIC2EE O XTIE e Fh 1) £ 20 B A i
LB A AT T KREMHE Y (Lin et a., 1976
Braunitzer et al., 1980; Farooq et al., 2011; Oyewale
et al., 2011). Oyewale %5 A (2011) bL#¢ T 76 A [R5
f5 0K BLIE L% 3¢ (Camelus dromedarius) A9 (Equus
asinus) [ LT A fatE . A ATHE B T I fi A7
B[] 2 4, 2140 MO PR B AR A pl 840 AT DATE %
JE MR BET AT & B KIEEEEN
(Oyewaleet al., 2011). Bazzi 25 A\ (2013) k% Bl & 5E h
) IR VA 2 (9.7+2.8 mM) 5 e F FLFE AL I 21 2% (4
R EK(3.4+£0.23%) , {2 A ML VRRE 5 75 6 2 iRk
[ (5.7+0.73 mM) B HE 34k IfiL 21 25 1(3.2+0.11 %)
WH B2 75 (Bazzi et al., 2013). W&5E I i b v A
T WA FEE R PR W 25 1 S 7 R ) W R B AT DAAR
¥ Hb ARANEIEA . FEEEAL Hb 17K A AT A
ST RS 7K, 2140 75 i R 2T 40 B S35 385 1 11
Mg, T HLE R TE B A R 7 THI (Ardia, 2006).
Borai % A\ (2011)# 1% HbAlc W PAME iR S R itk
() — P fE AT EE AR B, LU SRARICRT g A
Xof BB 1) TE RN 1Y) % B i 52 M (Boral et dl.,
2011). AR LA ST I 41 AR A ZERE R AR
IRIEFE,  FRATT R E T U 9% 00 8 U Bk O, XU BE,
FOxOE, 4, NREM ML E . s
TER AR, R I TE ELAT b AR BE s I i /K
{ER 9% 06 MR P RS AR P /N FRRATA S . (A
Ik, HB 3 ) DNA FEE (537 BIAE B 2
Z B BEAT b2 CURE 50 08 4k 1 B v R 5 ) 0 TR
I o
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A 245 an Uniprot T KEGG 3718 H T+
FRIEIRTE . RUELE, BPIETE. 4. AKMEH AA
HTHB(o A1 B EZE)ZBR(NA) T 51 (R 1)
1.2 534

FFH B 4Bt Lasergene B4k N & R
(*.pro). [FIEFH IS BE A FASTA %5 (* fas),
KR ACH T 2 AR 4. RATHI A MEGA
501 (Tamura et a., 2011) fil CLC Genomics
Workbench 7.5 #2F{# ] ClustalW i &M% )
A AT 2 E P A o bk s BT Kimura
B A B ARIEY UPGMA ZEATHERT . UPGMA B
A AR R
1.3 BARARK

4R 1 45 K925 48 ] Alpha Deléage F11 Roux %t
Nishikawa 1 Oo0i(1987)1& & J& 11 77 v 3t 47 T3
(Deléage and Roux, 1987). F|/f Protean # {F
(DNASTAR Inc., Madison, WI. USA)Jll & 2 [ i 45
P e AR SRR AH R AN o B R R AR
14 BEREHTM

* O O M £ ExPASy W ik
(http://swissmodel.expasy.org) & ft [®
SWISS-MODEL  Fiil i 2 - [7] 5 14 A5 1 1L 41 2 1
WEEEI =R A5 o 2R RS AR DT AR W 1 i
F& MBI T I TR AR F XK
1.5 N-F1 O-BEZEALAL /B TR

FEIXR TR T, AR — AN 1) X 48 ik 554
GlycoEP(http://www.imtech.res.in/raghava/glycoep/su
bmit.htr 1) 55 7HE i 1 5000 5% SE AR AL 6 HBA.
HBB Bl %) 1% 5 & )5 1 AR R 45 & (W17E HbALc 1)
THOL T N B8 O BEHCM C BRI BEEAL AL 5
1.6 LB

N TR, AT BlastP 7EfTiR 3]
(R i) — SR, IR, fRsEiE, —3
PR Eff, ki NCBI Homol oGene ¥ & LLH
EATP BRI K K. &5, #E1T PSI-BLAST(fi
B YEIE BLAST) LAEAE Fride £5c4f e b R I 9%
g 11 A 3 AN %A i F o 2 [a] ) [R] Y BR] (Al tschul
etal., 1997).
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2GR 5TiR
2.1 M4 E A WEK 2 B 75 Xt

Z EFA| LA EoR 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, Leufll Tyr fEfTf
MM 2T 8 e b e 4 OR sy (8 1) TR FRA, AT
DAHENNTE i F i ix e AA HR A B/ NRAR, B8R
HL aa KONE RASE B 1 IX B R <5 5 41 1) 1
L. HRE Binder 45 (2013)W1 5%, FERSFF A
R b, Leu BAG FZTTHR, [FIRS, SLEBRX ANE
S A R 5 A B A AR AR B R vT e Bl T T 1 A
B FR 7 (Binder et al., 2013). [FINF, 76 & 1 A%EAt |E,
FEFTHR R 2 R BE TR E I AA FH T 1AL
AN o f B AR, PHIHIX R ELEA FPFh 41 2
HEE R R A B/ NIRAE . Bk, A0 AR5,
I 218 S5 R AT DLERS e S 32 35 A8 50 g, el
T o AT B AEEIRDE . A SRS B IR,
1 B g B HL A ) P e I 21 B ) SRR R RO
aHBA Fl HBB [f45i#). AIRFFRER %, Wik 3
Fias, AW A LA & A A — S5 Ik
(domain1).

BHA mMEHEFIHNMK As B 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 X Rl W BTG R A T DL e
ZRARYWE /NI IR . B, REE 1, 4
0T (1 W= G = < YV | A S S M LR
A-A-G-A-W-V-S-G-A-A-A ] AA(ZEEER) T 51535
Pr—AWIELE ) SK-T-T-F-1-G-A-K-G-D Bt
Ak, EIETE LRI R o WEEE 7,
SK-T-FI-G-A-G R R 7 51 75 5l # N 2K i
P-A-A-W-V-A-G-S U, RXWERIE T RGEKE R
(145 5 A (K] 2) o 75 /N 028 1 5% B Rt 2 ) A R IR
SRRV, AR X T HARYFh SRR I T 2
FR I AR 1),

Rl & ml Revs R i 408 7 A8 A FI P b 2 )
R 7E Camelus F % (Camelus bactrianus,
Camelus dromedarius A1 Camelus ferus) i1 B 5% 7 51 (1)
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following is shown

WG R AR SRS, A AR, BT GenBank U1 T R
Table 1 o and B8 chains of hemoglobin are obtained from accessing biological database. Protein names, Access number and GeneBank

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://www.genome.j p/kegy/
HBA_Homo sapiens P69905 http://www.uniprot.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.uni prot.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

HBA cameius ferus

HAA ramahes hacmanes -l -
HEA camales domedaius -l -
HBA fguuy cateluy

HEA bos EBuwus

HEA hoime S8geans

HBB camelus feus

HBS cameles bactanus
HBE camoles drameds s
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Figure 1 Multiple sequence aignment of HB subunits. 1A) a 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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—eisrth, H, D, N, H, G, S, K, V Al
DIJAA# Q, E, A, L, A, D, N, EFlE 5,
WFE®IERITS, G, D, N, H, G, S, KA R
AAKET, P, E, S, T, A, G, NfQHUt.
I, 7RSI, YRl G EEIR 1 R AR TR —
Z K, IR S AR AT R ORI A
o Fk, FARTEMSIYIE RS [F PR B T R
18 7 BB MEH . Lin Z(1976) 7T oK,
T BAE IS 6 ML AT IR E N AL A2 1), 7 o
HEM N-Kuiy 20 NMEIERRTREEH R 6 ME IR E
S, WR¥E. 4512,1417,19; £ P HEh, fEAE
4,5,6,9,12,13,16 f 19 &b &I T 8 M AR IR . 7F
o5Ala—Lys 1 B1OAsn—Lys b (BRI i 1 5% B¢ 1)
IE FLAr TR A, TR B E S
(Linetal., 1976). Pieragostini %5 (2010)7E < Z 5
P B T I AT B AR AR 5 I AR S O
P X (Pieragostini et al., 2010). Braunitzer %5(1980)
Fon, B UEIE HBA Hh 57 AAsFIHBB ' 21 AAs
SR R R AR A . AR, A ATTHES: B B I T
NI TR DY) AAS 7515 A [H] f) (Braunitzer et al.,
1980). #RifM, FAVEEE T B (AR sIE K TR
AA BRNZIRLER, e dnfar 38 I if 41 8 (60
SRR J5 B RIS 1) R BH 2 1R5E 2 v
22 RERB T
i 2 FE AR, SUETEMETIRIEH Y HBA 1E
100% bootstrapping o} J& T-[F—F#f, SHIER o
WEEEAHAR . Camelus ZK 1) HBB 5 IR ALh (K 2).
BT X B R UG 0E o-85 5 AR R AR B IS
RTHMG(E 2. RGEKEWER TR, $
I Bg RN BF UL LR (1) B 4% (HBB)7E [/ — L #Eh 95%
bootstrapping, 55% bootstrapping #2111 J& ) HBB.
BT P2 HBA 78 IR 2R 6 AH R (A Fh B A 39
% bootstrapping, {H/2iEE AKM HBA. RGKE
SINTIERE, AN LA AR (A SELE PR A (R <7 1,
HH BB TE AR R E Re I ERE. 2.3 &%
=EN

HBA 1 HBB 14> 8 I 41 S5 9% e B} A2 AH [
(1, (HRFEEANFETIHMIFEE 2). HTE2, I
& v i 21 8K S A () T TN,
AE (R 2). FsL b, WP &R TER pl
SEBRPER, AR WIeH 2 i A
A B N 2 (71 1 FEL AN G R R R - pll
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2 UPGMA (W [R5 TH . Gl A F 2 T JTT A PR Y
UPGMA J7ik#fEWridt4L 7 5. 1000 ~EE T bootstrap
consensus tree TR R AT L. B R SSE RNV
WESIASIT . ZHTE R 12 M 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

TEY%SE HBB H A BN KT HBA(GR 2), Al
HIRA TN NS 5558 HBB 1) &l # %0 L HBA 78
L PIORITBE J5 B SR 0. SR, FRATTIA N BE 5
FIWEN HBB & s s b NRIZE 2, (HR N T
(% 2). A)Gul, EIRIEFIAZEF1H B 55 (HBB)
BHABPEA PERRAE, SE T T DU R A .
7E P R R B R IS R, IR sE AT
HBB 7£ FL Uk ] 73 0 BA s AT 2. BR T
Bazzi 4 (2013)4F B A7 J& 4¢ I 41 25 11 2 A B A8
1) 1E 5 I 21 85 1 5 = 1 H vk O B8 K (Bazzi et .,
2013). H:T3R 2, KUY RILE I 0% DY 1) 1f 41 8
(HBA)I) o HEIY pl fEB & T 9% %8R (9.33) . MMM
LR SRR TE pl L ANSRZ (R 2). IRIEHEFU4E
RN 2, TANE R R ANFFIIELE 2 (8] ) HBA (1%
AN R B 2 A . LG, AT AR
Ay 175 150 A2 38 % i X 21 2 1 PR o /0N B AL PR A
B, 5 NZEAH G, 3% B 21 41 i m] fit o B ) 2 b
2. Oyewale %5 A\ (2011) & PLU& 5e 21 21 At b 3 2140
Jfa B8 i v if (25 b 32 3 i 1 )(Oyewale e al.,
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2011). FEIXIAFFCH, Wil 2 frs, B5E S0 AT
T E 5 N A BA T & He ] i Sk P R R (1)
M) (5 i N FIBRIE [ HBA 43 %19 20.42 il 21.28),
It HIXAE 45 58 3¢ L 41 25 1 B AT S8 /K 1 72 3% B8 5
1 HBA 1 HBB [ i A(ZIEER) L AR 2 (%
2). R4 Bazzi 55 N (2013)F KI5, thrl BE 2%
I 1L P A2 A 3 TR 75 B 41 40 AR 1 P9 3R B 4 R I
W pH FIARE AT EH BT HbALe /KP4 K. 1976
CERE IR TSI A AT T S HBA TE4UHK ik
A 2 IE AT, FEE R — i K
(Linetal., 1976). —Leiif NAERR, 54, 4%,
= H& AR NRHARS AL, SE5ER 2T
Jf e v ifn. 56 B i (Al-Qarawi et al., 2004; Oyewale
et al., 2011). HT2k F 3 58 I I 20 2 1 AE Al s iR
JEE TR PR T 3G RV D U I AR 2 (A R 1 T
(Balasubramanian et al., 2009) . 7£ 75 % AN AT (3 2 (144
SR LT gu i b K B LL LR NI =A%, X P
5 F00I% D 21 240 B X2 35 AR Ak AR T ¥ B 14 (Bognera
et al., 2005). IEANEMInS 152 i 2128 (1 (GHB)
B 2= 4k 1 5% e 4% IE B — #F (Miksik and Hodny,
1992).

2.4 RVR MR T &

TR 3 HERIMEE, XL HRIELE 1)
HBA #1 HBB [##H L4 v 100%, I H B4 100%
#AF(K 3). IR, ENEIEKE T HB(HBB)H B
[FIA LI A 100% AT 100% EX I 5. Hb £ o F1 B
3Ry 84% AHMME, fEIRSERIFI AR Z M BA
100% )78 1% . J% 38 % Hb 1 o B85 24 A1 5 (140
AEES> 518 85% A1 86% . BRIEF R 541 B
AR ACLEE 73 39 83% A1 82% (% 3). [Alitk, 4L
HEM o F1 B BEE AWM R R, FrEL, WE
BREERS E IR T AT AR ThRE
25 BEREMEE

Fo T4 ExPASy 19485 55 4 1) [R1E P AL )
o A1 B HE(HBA H1 HBB)I) =2 25 A4 i TR0 ] 3 oy
No HBA [ =5 MITELE BER} 500 rh o JE 3 AH R
(11, HH N-EB RS Asn, IXA]RESE B4
RAZRAEAE Ho 1) o BEH SRR . BRth, i AT
MR EE R, 9] i i 4 I 21 2 1 1R e R BEE )
IHAEAS R H AR I A0y & 8] ¢ e R S
o FIT B BE T AESE AL (R T e . WA
3 ffi7n, HBB Al HBA [ =45 71 3% Je Bl XK e
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#HARAFER, HEEART AKWE ). wE 4R,
FT iR Py Fh e HBA F1 HBB KRR & 4T 25, If4L
ZINER SEAE 2k, P E AW L7 #R 52 EHis
R, RAVEAXHEOAESR, T HFEERE
B, EIRIERIR T HBB =R HIE T2 AN
K o-FE (Kl 3). REFETE 3 Mk, WIExR
H1) HBB X HEREA R G A E . Wil 3 fr
N, FERIFFAEFA 0T Asn131 F1 Asnl132 %if-F
HBA H 1) N-FEEEAL 2 5 G L R, SR T A\ HBA
IFTA Asn #EEA X N-FEILAL AP, R4 A
HBA Fl5%5¢ HBB Z [A] (AL S5 1), AT 115 H 451,
N HBA B N-fEbpitt. mank 3
Ji, HBB EA L HBA B/ N-FERLAL AT
I, HBB tt HBA ¥ £ i 2 5 K 4izs)) . Wik,
HBB [1)/5 FI £E FITA 5 R Rl b 2 e BE RS 11, A
VFIXMRRE 1 IMAL 3R R s H i O E

2.6 FEEALAL R

4 BB 5 8 T 1 AERESS A (W7E HbALe 1B UL T)
(RIREIE AL T & 5 T — e ik (BPP) R AT o AT B
HE B IEAGAT 55 (25 R B IRTER 4 AEEIE T,
FEFTH I R TR A K IATAT HBA Fl HBB (1) C
HERMPERE . C RN AR LR,
AR RO ESE R A 75 W-X-X-W 5§
W-X-X-C 8 W-X-X-F(H 1 X 24T AAs) FH I —
Trp 7 FE M5 b (Krieg et al., 1998). #£T HBA H1[1)
N-BERACIIER 4, FRATRIL 7 WU 3¢ 1 F g g
Asn131 [ TE IS AL AL 5, T ETIETE N Asnl32,
{HE N XTI AS LA 8 R 3% R s g 7 1)
N-FEIEAAT SR 4)o T8I i) S0 18 e 225 4 ok
P N-EFERIEREAL,  Asn ) N4 & 4% SRR 5 3t
HIFH) Asn-X-Ser/Thr, o X ZBRHEIRZ 4N
R 1% (Gavel and von Heijne, 1990). 753X T 77 7,
BATVRIUKER 0 36 1 el HBA #7E O-FE ik
XFT O- Wl JE Ak 2 BUR I, ] ot 5K 5% 58 1)
Ser3-Serd-Thr8 Fll A ) Serd-Thrd2(3# 4). #T% 4,
o ML AP RES 52 O FEsAL, Rl EBFosie.
# 3HFTRT HBB 111 O-FEFAL, TATRIE N
HO Thrs B TETEIEREILGER 4). B 0 EXT
J%5¢ HBB i) O-FEHL LUK . O-FEHEA i@ )it
BTSRRI AAS BRI IN N &M TR B BTk ik
B Ser, Thr LA RAE—ERRFE R AR RN
M 2 (Christlet et al., 2001). I, IRA1E HI4518,
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Table 2 Composition of hemoglobin. Predicted structural class of the whole protein: Alpha Deleage & Roux Modification of

Nishikawa & Ooi 1987

2 MLAEARNAR. SEARFNM L2335 AlphaDdeage & Roux Madification 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 1l4laa 142aa 1428a 142aa 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: aliphaticindex; HBA: a-chain of hemoglobin; HBB:

B-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-E B IS AH LL T N-, C-IE B A
FAb KRBT L, T HBB R 2 ELETE i N,
O-WESAL, R o MARARS T O-ERNIFERE
b, XA VPR TR R R TR D6 JE N AR
2.7 PSI-BLAST 43#r(fr B5e R %k BLAST)
FIFWRGE(HBA A1 HBB)) o A1 B 4 L2151
PSI-BLAST (i B 45 7 11548 BLAST) 145 SR K 4
Fim. BRATRILEIE HB 5 H AN Fh g . KB
. IR WA R%Z HomoloGene. 4Tk
5K 77 5 B 1) I 21 8 1 5 At i L 30 4 BRI R
i A5 1R %2 HomoloGene A [ I & JE# 4 N M4
i
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= IFIVIPFIMLEA o fE (HBA) B & (HBB) [HIEFEH FEEM:. E-value KRPFh FEIEMARHE, query coverage 3R
W A] AR
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 BIFEHFEMARPIMAEA (o F1BIEED o N-, O-F1 C-HEIEALL AT, FEEAKAL, I 75 o 2 1 B
AR LA TR R 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 Seguence Prediction
9 NVK Non-glycosylated
N- alvcosylation 97 NFK Non-alycosylated
131 NVS Potential alvcosylated
3 S Potential alvcosylated
HBA Camelus bactrianus and 4 S Potential alvcosylated
Ar ~rnndari e 8 T Patential alvcosviated
O- dlycosvlation 12 T Non-alycosylated
38 T Non-alycosylated
39 T Non-alycosylated
41 T Potential alycosylated
49 S Non-alycosylated
52 S Non-alycosylated
10 NVK Non-alycosylated
N- alvcosylation 98 NFK Non-alycosylated
132 NVS Potential 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 Potentia alvcosylated
53 S Non-alycosylated
68 T Non-alycosylated
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79 S Non-alycosylated
82 S Potentia alvcosylated
85 S Potentia alvcosylated
103 S Non-alycosylated
109 T Non-alycosylated
119 T Potential alycosylated
121 S Non-alycosylated
125 S Potentia alvcosylated
134 S Non-alycosylated
135 T Non-alycosylated
138 T Potential alycosylated
139 S Potentia alvcosylated
10 NVK Non-alycosylated
69 NAV Non-alycosylated
N- alvcosylation 79 NAL Non-alycosylated
98 NFK Non-alycosylated
4 S Potential alvcosylated
9 T Non-alycosylated
HBA Homo saniens 36 S Non-al vcosviated
O- alvcosvlation 39 T Non-al vcosvlated
40 T Non-al vcosviated
42 T Potentia alvcosvlated
50 S Non-al vcosviated
53 S Non-al vcosviated
68 T Non-al vcosviated
10 NAV Non-al vcosviated
57 NNP Non-al vcosviated
58 NPK Non-al vcosviated
70 NSF Non-al vcosviated
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 vcosviated
17 S Non-al vcosviated
39 T Non-al vcosviated
45 S Non-al vcosviated
O- alvcosvlation 50 S Non-al vcosvlated
51 T Non-al vcosviated
66 S Non-al vcosviated
71 S Non-al vcosviated
85 T Non-al vcosviated
90 S Non-al vcosviated
124 T Non-al vcosviated
20 NVD Non-al vcosviated
58 NPK Non-al vcosviated
N- alvcosviation 81 NLK Non-al vcosvlated
103 NFR Non-al vcosviated
HBB Homo sapiens 109 NVL Non-al vcosviated
140 NAL Non-al vcosviated
5 T Potentia alvcosvlated
10 S Non-al vcosviated
13 T Non-al vcosviated
39 T Non-al vcosviated
O- alvcosvlation 45 S Non-al vcosvlated
50 S Non-al vcosviated
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 5" Publisher

10

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



T TAEMIA(4AR), 2015 4E, 5 4 %, No.7, 1-13
Jisuan Fenzi Shengwuxue (Online), 2015, Val .4, No.7, 1-13

TR ML B F PR . B TATVONIRIE R 45 E
FAEHUR T AR R A BT JEH, ATEIOR
T8 B R R A BRI TR S T E 2R
THREANZR, DL Jm it 3 (5t TAREAE 4 0 hE
PRIF WA AR BT 7R i BRI A ELA P 5 2640 o

L
P 3 BN A TR R = 27 4544, BA)  HBA BF4%5¢. 3B)
HBA XLy fl#I&LE. 3C) HBA A5, 3D) HBB HF440¢E, W
B A LI Ly 3E) HBB A
Figure 3 The tertiary structure of predicted mode for the whole
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HBB Homo sapiens
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