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Cloning of full-length coding sequence of tree shrew CD4 and
prediction of its molecular characteristics
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Abstract: The tree shrews, as an ideal animal model receiving extensive attentions to human disease research,
demands essential research tools, in particular cellular markers and monoclonal antibodies for immunological studies. In
this paper, a 1365 bp of the full-length CD4 ¢cDNA encoding sequence was cloned from total RNA in peripheral blood of
tree shrews, the sequence completes two unknown fragment gaps of tree shrews predicted CD4 ¢cDNA in the GenBank
database, and its molecular characteristics were analyzed compared with other mammals by using biology software such
as Clustal W2.0 and so forth. The results showed that the extracellular and intracellular domains of tree shrews CD4
amino acid sequence are conserved. The tree shrews CD4 amino acid sequence showed a close genetic relationship with
Homo sapiens and Macaca mulatta. Most regions of the tree shrews CD4 molecule surface showed positive charges as
humans. However, compared with CD4 extracellular domain D1 of human, CD4 D1 surface of tree shrews showed more
negative charges, and more two N-glycosylation sites, which may affect antibody binding. This study provides a
theoretical basis for the preparation and functional studies of CD4 monoclonal antibody.
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CD4 & BAT 4/ g FF45 Rl 1) B e 25 50 £
FL, E2EGA T T Wk e B e PRz 4 i, =
5 T 41 o 135 L (Zeitlmann et al, 2001). 1A T 4
1y 41 Jfd (T-helper) 3 A4, () By 7] 32 44 (co-receptor), F
oAb 4 v] LS5 MHC-II (major histocompatibility
complex class IN)&5 4, F2E TCR 5t Ik-MHC- 11
S5 W) 2 IR A HAE H (Grakoui et al, 1999); 173
PSR IR AR ST S KKTCQC it 5 P 2 IR 25 11 kg
Sre KM I p56' ™ g5 &, B35 T AIMITAL IO 5 4%
1L £ (Glaichenhaus et al, 1991).
Wi (tree shrews, Tupaia belangeri) &:—3HMNY
P ADUAR B /N B AL 3 ), 2 00 A T 3 T 7Y R
. JEHEEE . ENEAEH(Cao et al, 2003). FL7E 1987
4F, Su et al (1987) AL B R F N HBV B G 1L
W E, i b RE % A T B £ R 3K T )R
(hepatitis B surface antigen, HBsAg). Walter et al
(1996) I8 FrAEM I Ze N HBV I 45, KL H AL
NRIEE A RYEIT & . seAh, O A0 # R
HCV. HSV JREA J)#(Zhao et al, 2002; Darai et
al, 1980). H1FH BT 2 Ff NS 85 5 I AN A/
Gy TSR, FAE 2 B NSRBI 0T 7R AT Bk

CLAZ B2 Kk

H AT, £ CD4 [T, A RS
Wi 2 f5E s R KN4l 45 5 5% N2 CD4 (HGNC
ID:1678) Tl fir 5 17> 41, HAFAEP AL A 50 v B, 3%
Wi 7 PR PRI CD4 BURE M T Ak,
AWFFE 1 56 LRI B CD4 Se #4414 H i1,
A I LR A3 W He o PR AE, A Bl CD4 g B i i
(1% 31 £ 1 Dy RE AT 29 5 Befilh o

1 #RFITTE

1.1 %

AHIF TR B AR 0 D T 25 4 W s
Be L s .
1.2 #i§ CD4 £KHmALFFI T IE

A O A T #4 s CD4 J¥ 41 (http://asia.
ensembl.org/index.html, ENSTBEG00000000662),
s N :5'-ATGGACCGCCCAGTCCGG-
3, T EIRPA 3um A e, RIS H AN B
EBWREWME CD4 JpH), TSI A:
5'-TCACATGAGACTACATGTCTTCTGAAACC-3'(
1.

1 611 803 1019 1360 1371
FRICDAC AR 7911 - wicDaC IS
=/l I Z ] i1
ENSTBEG00000000662 FrEsIl ENSTBEG00000000662 FrpEs12

—

M HICDAC HIEZ L) ¥4

FEYIFCDACAIZIRTS ENSTBEG00000000662

ATGGACCGCCCAGTCCGG

Callithrix jacchus GGTTTCAGAAGACATGTA
Saimiri sciureus GGTTTCAGAAGACATGTA
Macaca mulatta  GGTTTCAGAAGACATGTA | GTCTCATGTGA
Homo sapiens

GGTTTCAGAAGACATGTA

|

5-ATGGACCGCCCAGTCCGG-3'
U519

|
3'-CCAAAGTCTTCTGTACATCAGAGTACACT-5'
g4

K1 Wi CD4 TP S RIBR B 51 LU 5 1 et
Fig.1 Primers for PCR amplification of tree shrews CD4 cDNA
BT8R FIR A (NM_000616). TEIATAE(NM_001042662). 1A BE(AF452617). ZRENE(AF452616).
Sequences used for this study were extracted from Homo sapiens (M35160), Macaca mulatta (NM_001042662), Saimiri sciureus (AF452617), Callithrix

Jacchus (AF452616).

SRAERE R A 1M, $RECMBE RNA G5 &
T BioTeKe), ¥ i34 cDNA. FIH Fi&514)
4T PCR, TEIAZSECH: 94 °C, 3 min; 94 C 30 s,
45 °C 305,72 ‘C 3 min, 32 ME#F; 72 °C, 10 min
(RT-PCR X £2T TIANGEN) . F W i o 52 3 A
GAPDH(glyceraldehyde-3-phos-phate dehydrogenase)
YA BHPEXT . PCR P48 TA wilddi N pMD-19T
ARG, B4 KR DHSo B2, HEBUR

R AT XU D) 55 5, e 230 AT 00 i 0 P (b e =
BRI ARAT R A ).
1.3 DFIFESR

KIS IR 75135k 08 T GenBank,
L DNAMANG.0. BlastP. Clustal W2.0. MEGA4.
Discovery Studio F1 PyMOL 43 B3 TR e 51 . &
SERRITH WIPPSRL I R BT SR R Y R A
F o TR T R i LR 45 g o AT SR A T
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(http://www.cbs.dtu.dk/services/SignalP/; http://www.
ch.embnet.org/software/TMPRED _form.html),

2 HFR5HE

2.1 #Hi§ CD4 £ KWIBFIIT IG5 LS
A AR IS RNA, 385 RT-PCR 3845 K
FEZ1% 1365 bp MIAZIR v B (] 2). Jl ik %) i,
TATE T AP0 0B CD4 7 14K 7>
A, FFIOSAE R 5 1365 bp, 4ifil 454 AN IR
(GenBank & [ifi'5 2l IN657224), ifiid DNAMAN
6.0 HATZJPHILLX, PRI CD4 97411
SE T JE T %1 (ENSTBEG00000000662) H 45
611~797. 1 019~1 357 5%k 7 B, il 526 bp
(B 3)o R, FRATTAIL I 515 5y 41 474
ZS(ER Do Ak, R AI A 798~803. 1

358~1360 £ 9 MIE, AAEFRATILM P A A
T ERATT SIS 901~903 37 1) 3 MR HEAE
T 51 b A, H R 22 O R S EE I R
Ax o ARSEHGR HH AR B Pfu B 3 LR R EAT B IR
Ry, A AR T s 2= . Bitk, TP
AR CD4 43 1 A K gmtith 7 51 J& 58  HErf 1 »

DL2000 CD4 GAPDH H,O

<— 1365 bp
- <«—380 bp
e

Kl 2 RE CD4 cDNA 41
Fig.2 RT-PCR amplification of tree shrews CD4 cDNA

SEMFEFIL (611-797: 187bp)  (RELEHE S L)
(G)GT TTC CAG AAG GCC TCG ATG ACA CTC TAT AAG AAA GAG GGA GAG CGG GTG
G F Q K A S M T L Y K K E G E R V
GAC CTC TCC TTC CCT CTC ACC TTC GAG GAC GAA CAC CTG CGT GGG GAG CTG
p L S F P L T F E D E H L R G E L
CGG TGG CAG GCA GAG CGG CCC CCC TCC TCC GAG TCC TGG GTC TCC TTC TCC
R W Q A E R P P S S E S W VvV s F §
GTA CAG GCC AAG GAG GTG ACT GTG CAG GGG TCC CT(C)
V Q A K E V T V Q G S L

SEHFESI2 (1016-1254: 238bp)  (ALEHG L AHSL)
(T)GG AAG CTG AAG AAT GAG TCA AAG GTC TCA AAG CAG GAG AAG GCG GTG TGG
W K L K N E S K V S K Q E K A V W
CTG CTG GAC CCC GAG GCA GGG ATG TGG GAG TGT CTG CTG AGT AAC GGG GAC
L L D P E A G M W E C L L S N G D
CAG GTC CTG TTG ACA TCC AAG TTT GAA GTC TCG GCC CGA CTG GTC ACC CAG
Q V L L T S K F E V S A R L V T Q
AGC TGG CAA ACC ACA CTG ATC GTG GCG GTG GGA GCC GCG GCG GGC CTG CTG
S W Q T T L I V A V G A A A G L L
TGT ATC GGT CTC TGC GCT TTC TGC TGC GTC AAG TGC CGG CAC CGA CGG CGC
c 1 G L C A F C ¢c V K CcC R H R R R
CAG GCA GAG CGG ATG TCT CAG ATC AAG AGG CTC CTC AGT GAG AAG AAG ACC
Q A E R M 8 Q I K R L L S E K K T
TGC CAG TGC TCC CAC AGG TTT CAG AAG ACA TGT A(GT)
c Q ¢ S H R F Q K T C S

B3 B CD4 FEINP SR AR B SRS I R

Fig.3 The two unknown fragments of the predicted tree shrews CD4 cDNA and the corresponding amino acid

# 1 WD CD4 cDNA T FF 530 F5 = Z 1 LR

Tab.1 Comparison of the predicted tree shrews CD4 ¢cDNA sequence and the obtained sequence

TR L2 S BEERRALE IRt
Base sits Base differences Amino acid sits Amino acid differences
58 T—-C 20 Ser—Pro
229 C-T 77 Arg—Trp
601 C—-T 201 Tle —Val
826 A—-G 276 Gly—Ser
839 G—-C 280 Asn—Ser
844/846 G—A/A—-G 282 Ser—Thr
856 T—A 286 Thr—Ala
866 A—C 289 Gln—Arg
875 A—-G 292 Val—-Gly
895 T—-C 299 Ser—Thr
898/899/900 A—G/T-G/T—-A 300 Thr—Leu
907 A—G 303 Arg—Gly

ST TR FFA, = A 1 A S

The left of “—” is the predicted sequence of tree shrews CD4 cDNA, the right of “—” is the obtained sequence of tree shrews CD4 cDNA.
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Homo sapiens

Canis lupus

Mus musculus

Macaca mulatta
Rattus norvegicus
Oryctolagus cuniculus
Ovis aries

Tupaia belangeir

I 155 ik || RS

Dookk sk : I * ok Hepeke _ Lok
MNRGVPFRHLL——LVLQLALLPAATQGKKVVLGKKGDTVELT ASQRES TQFHWENSNO IR LGNGGS IFIL G PSKLNDRADS
MNQEAAFRHLL--LMLQLVMLPAVTPVREVVLGKAGDAVELPCRTSQKKNIHFNWRDSSMYGQILGNQGS FWTV(G-SSRLKHRVES
MCRATSLRRLL-LLLLQLSQLLAVTQGKTLVLGKEGESAELPCESSQKKITVFTWKF SDQRK|I LGHGKG---VLIRGGSPSQFDRFDS
MNRGIPFRHLL--LVLQLALLPAVTQGKKVVLGKKGDTVELTICTAS QKKNTQFHWENSNQ IKIILGIQGL FILTKG-PSKLSDRADS
MCRGFSFRHLLPLLLLQLSKLLYVTQGKTVVLGKEGGSAELPCESTSRRSASFAWKS SDAKTII LGYKNK-——-LLIKIG-SLELYSRFDS
MNRRIYFQCLL--LVLPLALLPAATWGKTVVRGKAGAIVELPCRSSQKRNSVFNWKHANQVKI LGNQGSSSSJFMLKIG-NSPLENRVES
MGPGTSLRHLF--LVLQLVMLPAGTQGKAVVLGKAGGQAELPCRASQKENIVFSWKDSSQSKII LGSHNS -—--FLHKG-NTELSHRVES
MDRPYRRSHLL--LVLQLALLPVAAQGKEVVLSRAGDTVDLPLTASEKKYAFFNWKY PNQTKII LGNQS P--T{TWTLIG-LSWLAKKVES

A AA

WA WA N2

Homo sapiens

Canis lupus

Mus musculus

Macaca mulatta

Rattus norvegucus
Oryctol agus ¢ uniculus
Ovis aries

Tupaia belangeir

Homo sapiens

Canis lupus

Mus musculus

Macaca mulatta

Rattus norvegicus
Oryctolagus cuniculus
Ovis aries

Tupaia belangeir

Homo sapiens

Canis lupus

Mus musculus

Macaca mulatta

Rattus norvegicus
Oryctolagus cuniculus
Ovis aries

Tupaia belangeir

Homo sapiens

Canis lupus

Hus musculus

Macaca mulatta

Rattus norvegicus
Orycto]agus cuniculus
Ovis aries

Tupaia belangeir

Homo sapiens

Canis lupus

Mus musculus

Macaca mulatia
Rattus norvegicus
Oryctolagus cuniculus
Ovis aries

Tupaia belangeir
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KLMLSLKLENKEAKVSKREKAVWVLNPEAGMW LLSDSGQVLLESNIKVLPTHS TPVQP-MALIVLGGVAGLLLFIGLGIFFCVRCRH
ELTLSLNLKEQAAKVSKQQKLYWVVDPEGGTWQCL LSDKDEVLLASSLNVSSPVV IKSWPKFLAITLGGILGLLLLIGLCVFCCVECWR
————— LKQENQEARVSEEQKVVQVVAPETGLWQCLLSEGDKVEMDSRIQVLSRGYN-—-QTVFLACVLGGSFGFLGFLGLCILCCYRCRH
KLTLSLELENKGATYVSKQAKAVWVLNPEAGMWOCILLSDSGAVLLESNIKVVPTWPTPVQP-MALIVLGGVAGLLLETGLGIFFCVRCRH
KMRLILKQENQEARVSRQEKVIQVQAPEAGVWOCLLSEGEEVKMDSKIQVLSKGLN-—QTMFLAVVLGSAFSFLVFTGLCILFCVRCRH
KMKLSLELEDQEAKVSTQ-KMVQVLDPKAGTWOCLLSSGDOVLLESKADVLATGLSHOOPTLLAGALGGTAGLVLFAGLCIYCCVECRH
RLTLNLELGNQSMKSSNQPKVYTELEPKAGMWQCLLSDAGKVLLESKIEVLPSEF I QAWPKLLPMVLGGIAGLALLTGSCIFC-VECWH
TLTLSWELKNE-SKVSKQEKAVWLLDPEAGMWECLLSNGDQVLLTSKFEVSARLVTQSWQTTLIVAVGAAAG-LLCIGLCAFCCVECRH
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RRRQAE'\SQIKR LIEKKTCQCPHRFQETCSPT 458
LIEKKTCQCSHRIGKTCSLI 463
LIEKKTCQCPHRMQKSHNLI 437
% EKKTCQC HRFQKTCSPI 458
L3E]
L]
LSE]

KTCQCSHRMQKSHNLI 457
KKTCQCPHRLQKTYNLL 459
KKTCQCPHRLQKTHSLT 455
KKTCQCSHRFQKTCSLM 454

K4 HRl CD4 432 R 1R ¥ 41 L Xt 73 #
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248
254
250
248
249
251
247
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336
340
321
336
336
337
333
333

424
429
403
424
423
425
421
420

Fig.4 Alignment of deduced amino acid sequences of tree shrews CD4 with those from other mammals

ARG 5N CD4 A, W4 W55 ITk(1~25). g
AN (26~392). PR (393~416). M 416~
454U 5 (E 4), FAi TR Blast P & Clustal W2.0 %
HeFEBME CDAUN_657224) R IEM 515 A

SRS SER AR TN WHRE: M
3 CD4 5 FPHCHI I R IERIRIE T 7 A IAFRIE: 5 542 ps6* (AL 7 HEIK ki *
CRAGEE . B RAR E

The cysteine residues involving in disulfide bond formation are marked with boxes; the amino acid residues combining with MHC-II are marked with boxes
and £ the leucine residues forming hydrophobic region are marked with boxes and & the glutamine and glycine residues involving intramolecular hydrogen
bonds are marked with boxes and (3; the amino acid residues associated with CD4 internalization are marked with boxes and &; the motif binding with p56ICk

are marked with boxes and *;

*, 1, . show the 100% conserved regions, conservative replacement and non-conservative replacement, respectively.
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(NM_000616) « fE 7] & (NM_001042662) « & K
(NM_001003252) « /¢4 (NM_001082313) . 44 =
(NM_001129902) . K f (NM_013488) . /) f#
(NM_012705)55 M FLah P EAT LB (K] 4), I
CD4 ZERRIT A5 NS TEIDE AR 3, 43

100

31

34
42

WA 61%- 60%, 115 K E /N BURIALEE AR,
A 48%- 46%. [FIINF, FATTHAIFH MEGA4 XAk
CD4 SRR RMAT /i, SRR, WS A,

TR, M-SR /N B B e, Td W R i
FEREAESE R R A SSRME A B (B 5)

Homo sapiens (NM_000616)
Macaca mulatta (NM_001042662)

Canis lupus (NM_001003252)
Ovis aries (NM_001129902)
Tupaia belangeir (JN_657224)

Oryctolagus cuniculus (NM_001082313)

’: Mus musculus (NM_013488)
100 Rattus norvegicus (NM_012705)

A
0.1

Xenopus laevis (NM_001246311)

5 WAL FLEIY) CD4 Z [ I2R SR AR
Fig.5 Phylogentic relationships between CD4 chains from tree shrews and other mammals
Clustal W2.0 X} L4y CD4 2558 /7SI T 2 P HI Lunf, DLAEMS1E M 48, 76 MEGA4 R 14882 (Neighbor-Joining, NJ)EEH .
Multiple CD4 amino acid sequences of the above species were aligned by Clustal W2.0, and phylogenetic tree was constructed by Neighbor-Joining method

through MEGA4, Xenopus laevis acting as an outgroup.

222 i CD4 BasMEsHE

N CD4 MIAMEAZIh 4 A feakiE FAE 4
D1. D2, D3. D4 411k, MuAMEHAFAE 3 X% i
A HETE T D1 45841 Cys4l Fl Cys109; D2
ZERIM) Cys155 Fl Cys184; D4 £ Cys328 Al
Cys370(Matthias et al, 2002). i} Discovery Studio,
FATR AR CD4 BOAMSIEAT T = 4k 4% 0] 45
ForHT. iR WoR, WE CD4 fuaMEFI A CD4 g
ANRAEARFRABL, H0T 43 A DY A G g BR AR R 2 4,
TEREITR D1 AT D4 25143k g $6 20AH B — e,
{HIE R D2 H AR Cys155 RAEFRE], AHMNALE
B 22 TP (K] 6B). fE CD4 ZJEMR 2 741 LE Xy
WK R AREEIN CDA B AMEAH N A B FIFE
WA EEIR(E 4). o T 3XF0 2 5 I B DI R
D2 ZRMTE R, FRATIA A L2 IR I A2 AE ] BEAE —
SERESE FORAN T B 2k pray R 1 s, (HIX R
B — D LRI .

[F]I, N CD4 73§ OR~F P s SRR T L Leu134.
Leu202. Leu225. Leu308 fEW% i i /K 35, 1M
GIn137 1 Gly306 < [A]REMS LB+ N &k, EAT]
REfg PR1UE D1 F1 D2 Z [A] LA e D3 F1 D4 2 [A] () 5%
WP (Wang et al, 1990). ZEME CD4 Ji M (K41
P RIFEAFAE IR ORI IR, IR LE S SRR A1 4
FERTER CD4 FaoE Pk 7 ] fe e B EEAE M  E—20
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A CD4 Jfi#hX 5 MHC-IT ()45 & F 34K SE D1
D2 45y, FrHile D1 L) 4 AN IE s e R ik 3
(Lys60+ Phe68. Lys71 F1 Arg84)(Wang et al, 2001),
RLEIRATII P AL 45 R b & B, W&l CD4 401
D1 115 3 ML OISR IEH 5 NAFAE 2R, 1M
XM 22 AR S BE IR 22 )7 A1) LU (1) L& W ol o [)
TAAE(E 4). XBEHIZES YR CD4 5 MHC-IT 4%
B IR IEIRNL s AR . CD4 1) D1 454 [ B
ST RNZHORTIEPUARS A XL, W BD 2\l &5
A CD4D1 X [ BTN\ CD4 HiA(i 5 : RPA-T4).
H I NSRRI CD4 B b = 2 25 (a5 14 Lh iR, 34T
RIBEE D1 XAELEPIAS N-BEEAAL A5, e A
(11 D1 X HIALELE(K 6A, B), 76\ CD4 D3 1 4£7E
— A N-BEEEAGAL AL, 7ERTER CD4 73 11 D3 kA
W], MR CD4 431 D4 & — A\ D4
SR AR o-120E(B] 6C, D)o LA 22 R IR
FHEM R 5 A CD4 J oM™ AR BN, B
Frift— 8. eAh, AT NSRRI CD4 fufhk
(R L5 WA 23 A REAT 238, IR ) CD4 2 1
R4 X A oy 1E Ay, SR A £ 20 A T D1 AN
D4 i, HWEY D1 K e A D1 K
Z (I 6E, F). Bl CD4 (1) D1 X7E N-FHEAL A A5
B H R AT 5N CD4 422 5 AT RE 5% A
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Fig.6 Modeling of three-dimensional structures and surface charges of the extracellular domain of human and tree shrews CD4 chains
i A AR R CD4 i = 4egifatsid; AL B . C. D A1 E. F 430 Sty BRI R TR 40068 R Ay 43 A PRI (BB S s 20, TF s A i 1)
Modeled structures and surface charges of human (left) and tree shrews (right) CD4 chains. Shown on A\ B. C and D, E and F are surface views and surface

charges, respectively. Show in red are negative charges and in blue positive charges.
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- CD4 5 p56"™* &5 45 T 06 7 1) (Learmont et al, 1999),
1M p56'* 7F LA BIR IR, AEigiE ik CD3 iy
Wik ITAM FIwiRtL, HEm51E fyn fil ZAP-70 5 F
W T TGS, A T IS (Leo &
Schraven, 2001; Kane et al, 2000). 7EFH CD4 il ;4
Wb, FRATEAEAS I 2 5 BEAR S () KKTCOC ey
IAEAE(E 4), WIS R CD4 B 15 p56™ 45 45
R SE R LA, JET 2 5 R T b g s 4L
BAEM R KKTCOC FHe 7 1Y A6l 21 A
S 22 2 FR AR FE RN AN DR (M) S BR TR FE (] 4) 03X
4 METE IR S 5 N\ CD4 1) L (internalization),
Horp AR ST (N 22 AR TR R R 1k 2 CD4 M4k
{55, T CD4 4rFWALRT LU T 41 i3k i CD4
Mk, W T WhEgn it BEvE AL, PREF R R
SL 111 747 (Shin et al, 1990). FA THEMH I CD4 g Py

S 30
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