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Isolation, identification and expression analysis of interleukin 2
receptor alpha chain (CD25) gene in Tupaia belangeri
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Abstract; CD25 is an important cell surface marker for CD4" CD25" regulatory T cells (Tregs) and tree
shrew is an animal model used in the study of human viral infections. However, the molecular identity of
tree shrew CD25 (tsCD25) remains unclear. We cloned tsCD25 and analyzed its expression pattern. A full-
length ¢cDNA of tree shrew interleukin 2 receptor alpha chain(tsCD25) gene was obtained from tree shrew
spleen by RT-PCR (reverse transcription-polymerase chain reaction). The tsCD25 cDNA contains an ORF
of 816 bp, encoding a 30.9 ku of peptide with a predicted 271 amino acids. The mature tsCD25 peptide
contains two Sushi domains, two N-linked and multiple O-linked glycosylation sites. The tsCD25 is very
similar to those of primates at the amino acid level, ranging from 65. 3% to 66.4%. Tissue transcription
analysis indicates that tsCD25 mRNA is expressed in peripheral blood, spleen and lung. Lymphocytes

expression analysis demonstrates that tsCD25 mRNA is up-regulated by PMA and ionomycin stimulation.
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Our results may provide a basis for future studies such as generating monoclonal antibodies to tsCD25.

Key words: tree shrew; CD25; reverse transcription-polymerase chain reaction; tissue distribution

0 5|l§

ST A ™ T Nt B 1 3 R
Yy 50 1T ANBEF H & BT 9% 0 Chepatitis B
virus, HBV) B4 5 |8 i) iFadifL et . HBV #F5E
— ELHT IR S 538 1 g S 80 ) [ 5t L B A T 8
S HLER | 2590 i ik R T T A SRR T IR g AR PR
PEREA UG HBV, RECEH D W B A0 3 2= 55
PIER 525 s 9 T HF R WF 555 R ( Tupaia
belangeri) y&=— M /NI ZL3h Y, JB R H | U I
H B RRL, 0 T AT LR E A w7
S B MRS R S RAE LA EL L BT
Ay SR EE . HCV, HBV %8 2 b A 289506
(IR E ],

ZE HBV S IR AT LA B0 S 200 it 5 1
T B 4 B (cytotoxic T-lymphocytes, CTL)
CDA™ T % By 40 B (Th) S 3s [ L, 43 M TEN-y #11
1L-2 % TR R X A RE S T 40 M B o7 BB AE
I R 2 5 e R 24800 18 HBV & R B AL
R HBV, & N £7 75 G 5 i 3200 B 5% & 3
CD4" CD25" AT T il (Tregs) 78 HBV & e
AR R S E CDS T &N T 4HAETIRE, 78 HBV
G e 52 Hh R BB AR D,

1L-2 Z K a B (CD25) & CD4" CD25" Tregs
() 3 o T R AR DY R AR R T 18
HBV BYAR R, L CD4" CD25" Tregs B CD25 N
05l PRI CDAT CD25 " Tregs BITIRE, §T
W et 32 , vl RE A 18 HBV B9 & W HLEE  JAY7 FI
BiiG PR b o & FATN A RT-PCR HAR 52
BT HE CD25 (tsCD25) JE 4 % X cDNA 351,
FEIEAT T AT, FRATIIRIE I N — 25 il 25 A4 il
MIPT tsCD25 B FEBEHLIAR, M CD4™ CD25" Tregs
Uifig LA R It ARG Y TAEBE e T HEAi.

1 #RFTE

1.1 IR

R 3B B 3l A 58 0T S 5 Bl W P
DH5o JE&SZ A 41 F 32562 [ 45 pMDI19-T #8344
Tag-DNA RA&W . ANTPs I A Ki#EEAEY TERA
PR AR TR R VB R R Bk RE

fig (PMA) 555 T 2K (ilonomycin) 14 [ Sigma; EZ-
Sep™ ik T 4H A 43 25 W W 1R I A B O 4 A
RNAprep pure ¥4 21 RNA $EHGA & iR
BHEERE DNA RIS & L TIANSeript M-MLV 1y
H R A ; RevertAid™ 525 — 4% ¢DNA & 832 57
& EcoRI, BamHI WY1 . 5149 . RPMI 1640 355+
B MEW [ B A T AR TR BR A F.
1.2 BEAES RNA IREVANE — cDNA &5

TR NN R AE T A AEFER T it
i, F RNAprep pure #4121 58 RNA $#2HGA7H &
FEBUE RNA. B 2 g & RNA F] RevertAid™ 45—
BE (DNA G AR H & LL oligo(dT) s 5144 B 4%
cDNA.
1.3 #3§ CD25 5|4i%it

PL GenBank %t Fifi 5 A (NM000417) , /Iy K&
(NMO008367) Ik L (NM013163) ) CD25 551 K
S R W4T Bioedit #E47 R 81 He X, AR 38
G AR SFRE SRS | AR S L 3600 5 A 3
TRAXF tsCD25 1Y gt X 647 76 B , W Primer 5. 0
B A58, P1(5'-GAAGATGGAGCCAAAT
TTGCTGATCT-3) il P2(5'-CCTCYRTCTVYGY
TGCCAGGTGARCCC-3"), P3 (5'-ATCACTTCG
TGGTGGGGCAGAC-3") 1 P4 (5'-TTKCTAGAT
KGTTCTTCTRCTCTTCC-3).
1.4 #fE CD25 BEFE 18

PL cDNA 55 —HE MR, >R H 50 pL ROWAK 5
P BB 0.5 L, A 10 X PCR B 0P 5 L,
10 pmol/L 5144 1 1., 10 mmol/L dNTPs 1 L.
15 mmol/L. MgCl, 2 ul., Tag-DNA BATWE 0. 5 pl,
KK E 50 pL. RN FEFF .5 54 4% (P1, P2),
95 °C 5 min;95 °C 30 s, 55 °C 1 min, 72 °C 1 min,
30 MEH ;72 °C 10 min. 3% 1 (P3,P4),95 °C 5
min; 95 °C 30 5,58 C 45 s,72 °C 1 min,30 ME¥H;
72 °C 10 min. PCR F=¥)F 1 %3 NRHEEEIE e k.
1.5 BMREEYY FL EERNF

F PCR 7=#y i fbiaRl & mlic 5 i R B 425
pMD19-T #AA #4527 W) e b DHb5 o JESZ 25 4l .
LB PR ( Amp ) Fiiik i 5%, Pk Ly 4 RIG G
PEEUTURL , BEY) S8 4 AR B ik bt = AN F
M.



724

FEAFHARFFIR

% 39 &

1.6 #iE CD2s EFEEHLAN

= N 770 SN RS TN = BN = 0 D
IME RNA $2EUR BT, TIANScript M-MLV 2 §4 5%
i cDNA. #8245 tsCD25 ) cDNA J¥51, & it 519 .
5'-CAGAAGTCAAATACGCCACAT-3" Hl 5~
ACTGTGCTCAGATGCGTTTATGC-3' i T4 41
gy A Kz M. practin ( AB004047 ) S N . 5'-
AGAAGGAYTCMTATGTGGGYGACG-3" I 5/~
GGAACCGCTCRTTGCCAATRGTG-3'.  Foxp3
( ENSTBET00000007696 ): 5-GAACCTCACCC
AGCTGGAGGGCT-3" 1 5-GGTGCAGGGTT
GGAGCCTCTGCT-3". 196 B g 0l B 12 73 25 . 1R 1k
LEEY A,
1.7 HEHENFELFRE CD25 EERIE

TCHRARNGNE , EZ-Sep ™ itk L 20 B3 73 125 W 3K A5
R ELZH I, RPMI 1640 55373, #h 58 10 Y0 IG 4 1M v
2 mmol/L A& Wt , 100 U/mL H% % . 100 mg/L
R 2, 30 pg/L PMA,500 pg/L ionomycin %
££0,6,24,48,72 F1 96 h, B0 UL, FEI RNA
FEE N cDNA, J54E PCR KN ARG FiFik
1.8 HEHH

CBS Prediction Server (www. cbs. dtu. dk) #l
ExPASy Proteomics Sever(www. expasy. ch) 43H7

1 ATGGAGCCAAATTTGCTGATCTGGGGGETTACTGACATTCATCATCAAACCTGGCTGTCTG
! A I i)
61 ACAGAGATTTGTGACGATAATCCGUCAGAAGTCAAATACGUCACATTCAAAGCCTCTGCC

LM E P N L L I W G

T 25 4 8 A B BE A7 5. DNAstar 118 45 5 5,
(pD ./ F i & (Mw). ClustalX 43#1 CD25 41—
HPE. MEGA 4. 0 R G0 k AERT,

2 FRMTL

2.1 i Cp25 EEBFE SIS

tsCD25 K 21K 816 bp & %5 FJ041153),
it — N 271 DR IEFRFR LA Y 2 K, HAZ AT
R 7 5 e 5 Z LR 7 9 WA 1. SignalP 3.1 &8
tsCD25 BRI & A —A 21 A2 EE IR 2 L
HIA5 7 AKX, A A AR T EE 50 30. 9 ku,
IS pl ok 8. 1. tsCD25 R H AR X (216aa,
Glu'-Glu®'®) IR X (21aa, Tyr®'"-Leu®") FlfL 3¢ X
(13aa, Thr#-11e*") =FR44 . MM Glu' -Cys'®?
FEAE 2 1 Sushi 45835 (43514 D1,D2), D1 (63aa,
Glu'-Met*®) ,D2(62aa, Gly'"'-Cys'®). Sushi f&£Fi%
T B S5 R 3, A7 76 T 2 Fh MR FORS B 25 71 b
Z 55 YY) NetNGlye 1. 0, NetOGlye 3.1 43
Mk B tsCD25 & A 2 A~ NWERAL A7 5 (Asn-X-
Ser/Thr, NPS** FI NAS'*19) 1 10 4~ O-H b7
S

IvNe

2.2 R CD25 - FHIRIE M L& Fdt L X &
tsCD25 #11 Genbank H & FE0 11 FgFL sh ¥

FoFr I K P & G E

21 TIME_ 1T _¢ D D N P P E

121 TACAAGCACGGCACCATGTTAAACTGTGAATGCAAGGAACOTTTCCGCAGAAAAAATGGG

K Y AT F K A 58 A

4 ]Y K H G T M L N C E

IS

K E R F B R K N G|

181 TCCCCGTTCGTGATTTGTGC AGGAAAC C(.TAGCCACCCTTCCTGG(JA\TGACAAGTG’ILAA 240

61[s P F VI C A G

241 TGTGAAAGCATGTCCCCAGAAAACTCAAAAATACAAGTTACACCTCAACCTAAAGAACAG

81 |C E 8 M|S5 P E N 8 K

I

HP S W DD K C Q]

Q V@ ? ¢ P K E Q 100

301 AAAAGAAGAAAAACTACAGAAATGCAAAGTCACAAGUAGCCCATGGACCAAGTAAATCTT 360

0L K R R K T T E M @ 8

H

E Q P M DQ V N L 120

361 CTAGGTCACTGCAAGGACCACCCACCATUGGAACATGAAGGTGUAAAGAGAATTTATCAC 420

121 L [¢_H ¢ K D H P

P W E H E G A K R I ¥

H] 140

421 TTCGTGGTGGGGCAGACAGTTCACTACCAGTGCATACAGGGATACAGGCCCCTACGGAGA 480

M1 [F VvV V & T V H Y

C

1 Q G Y R P L R R] 160

481 GTTCCTGUCAAGAGUOTCTUTGAAATGACTTGTGGUAAGACAAGGTGOACCCAGCCCCOG 540

61 [V P A K 8 V ¢ E M

T

G E T R W T 0 P K|I1s0

181 [L K C]1

E H 8

00 N L D A P A EJJE

21 K s ElE v v M E

721 GCAGTGUUCTGGCTGCATCCTCCTGCTGATCTGCGTCCTCCTTCTCAGTGGGUTCACCTGG

241 A V A G € VvV L L L I

781 CAACGTAGACAGAGGAAGAGTAGAAGAACAATCTAG

261 0 R R QO R K 8 R R T

541 CTC. -\AATGCATAAAC GC AT C’TGAGC ACAGTCCATTTCCAGATGTAGAAGAGTCTCAAGAA

B

601 AACCTGGATGCTC C TGC AG JLG AGTGAGACTTICCTGCCCCTICACAACAACAGATCTTICCA

HE

661 AAATCTACAGAAGTTGTTACAACCATGGAGCCATTCGTGTITACAACAGAGTATCAGGTA

P

C

I

600
200
660
11
720

F P DV E E S5 Q E

1 BRI

F V F T T EA|Y_Q V 40
780
V L L L 8 G L T W 260
816
* 271

The signal peptide is in italics; the extracellular region is marked with | p 4 |;

the D1 and D2 are boxed; the

transmembrane region is underlined; the cytoplasmic region is marked in curved line; the N-linked and O-linked

glycosylation sites are marked in dark shadow; the stop codon is marked with asterisk

1 B3R CD25 MR H B R S FTK K ER T 7 (EEERS A FJ041153)
Fig. 1 Nucleotides and deduced amino acid sequence of tree shrew CD25 (GenBank accession No. FJ041153)
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CD25 M2 ZE R 75 1) HL 3 45 R LI 2. tsCD25 Al
REKZE CD25 WY RIVEYES 66. 4% ~65. 3%, Fl ¥,
A gl A B R R M 2 B 59.5%, 56. 9%,
52.4%,61. 8% ,64. 1% , A/ BB [R5 43 1)
R 57.4%,46. 4%.

Amino acids identify of CD25/%

ts hs pt pp mm bt e o fc ss ms m

ts — 65.5 65.7 65.7 66.4 52.4 56.9 64.1 61.8 59.5 57.4 46.4
ts: tree shrew; hs: Homo sapiens; pt: Pan troglodytes; pp: Pongo
pygmaeus; mm: Macaca mulatta; bt: Bos taurus; ec: Equus
caballus; cf: Canis familiaris; fc: Felis catus; ss: Sus scrofa; ms:
Mus musculus; rn: Rattus norvegicus
2 BRI CD25 SEMMF CD25 WEER—H
Fig. 2 The identify of tree shrew CD25
with other species CD25

AT HBER tsCD25 W43k 4k, i 3d Neighbor-
joining J7EEA# ] Poisson correction FLZ X 12 Fh
LY CD25 BEAT 1 HEALJr BT A T R e i
T i 3 R, B 3 R H AT B E LA B
H Witk B sh¥ 53 B2 UlBH CD25 fE kb h f7 7
I 4l A S L £sCD25 AR K26 CD25 #E—4
K532 b, B HAR KK CD25 [/ 56 Rk,
FHABMGZL S 1 CD25 , 45 512 Fims %5 28 19 CD25
I3 SR 3G O FR BT X R A L7 1) IS R

89— Homo sapiens(NM 000417)

Pan troglodytes(NM 001035520)
Pongo pygmaeus(ENSPPYG00000002066)
Macaca mulatta(NM 001032917)
Bos taurus(NM 174358)

Equus caballus(NM 001111342)
Canis familiaris(AF056491)

Felis catus(NM 001009355)
Tupaia belangei(FJ041153)

Sus scrofa(U78317)

Mus musculus(NM 008367)

100— Rattus norvegicus(NM 013163)

3 WIS EMEI Y CD25 S TFR RS LR

Fig. 3 Phylogenetic tree of evolutionary relationship

between tree shrew CD25 and its homologous proteins

FELE ST AR H T 22 5805 5 R R R 28Rk
R —A RS FRATI CD25 XA~ 15
F A 45 5 SRR — L
2.3 #FICD2S 5 FE5 A CD25S HFHEERFSI
bk

F 4 7R tsCD25 5 A CD25(hCD25) R FE MR
FEHI AT 45 . tsCD25 F1 hCD25 [ D1, D2 APk
JE67%,69% ., B BEIX & 909, HE 3K X J& 100%.
hCD25 M3 X[ Ser™® , Thr*™ J& 8 [ A C BEiR ik
P tsCD25 MR IX 751 A1 hCD25 5S¢ 2A A
X 2 AN AT RE A MR B T BE (B 4). hCD25 i
SN D1, D2 X 4 F5 25 8] 45 0 L 45 TL-2 B e AR
H, Sushi A Cys**51  Pro, Tyr® , Gly* , Phe®! Fll
Trp® BILERERAE) . 1sCD25 B D1, D2 Hrix 247

extracellular domain

| +—— signal peptide — ||

* *k ook ok ok *kk

H.sapiens MDSYLLMWGLLTFIMVPGCQAELCDD
T.belangei MEPNLLIWGLLTFIIKPGCLTEICDD!

o LAEE & BN & BN & 2 4 L4 & S J

PEVKYATFKAS. GTLNCECKER

D1
* kk ok * ko khkkhk &k okk kR k ok ok ok okk *kk ok
PEIPHAT EGTHLNCECKRG KS 60

KN 59

dhkkdhohd kkk hdk ARk Ak kR LA R R

H.sapiens GsIEMLCT GNELSHS%NQOQCTS SATRNTTKQVTPQPEEQKERK - TTEMQSPMQPVDQA 119

T.belangei GSEEVICAGNPSHP

DKCQCESMSPENSKIQVTPQPKEQKRRK - TTEMQSHKQPMDQV 118

| < D2
* wE R hkokh W wRkkkokk ok W Rk hokdk ok ok ok hkh R R W Rk RN
H.sapiens SLPGHCREP EI' WENEATER FVVGOMVYYQCVQGY RALHRGPAESVCKMTHGKT Q 179
T.belangei NLLGHCKDHPPWEHEGAKR FVVGQTVHYQCIQGKRPLRRVPAKSVCEMTCGKT Q 178
extracellular domain > |
__+J
* ko * ® kW * * & wkkok ok LA ] * * kR w ok ok

H.sapiens PQLICTGEMETSQFPGEEKPQASPEGRPESETSCLVITTDFQIQTEMAATMETSIFTTEY 239
T.belangei PRLKCINASEHSPFPDVEESQENLDAPAESETSCPFTTTDLPKSTEVVTTMEPFVFTTEY 238

|« transmembrane domain-»| |« infracellular domain —|

kwk AR Ak Ak RAK AAAAAR AR AA AR A AT AR RN
H.sapiens QVAVAGCVFLLISVLLLSGLTWQRRQRKERR 272
T.belangei QVAVAGCVLLLICVLLLSGLTWQRRQRKERRE 271

Identical amino acids are marked with asterisks; Pro’, Tyr2’,Gly* ,Phe’*and Trp“ are boxed; Met? , Arg® , Arg® , Leu*? are marked in
dark shadow; Cys3/80/46/61 | Cygl03/131/147/163 g re underlined; the phosphorylation sites Ser?*8, Thr?° are marked in grey shadow

4 WD CD25 A CD25 H FHISEBFFI b4
Fig. 4 Comparison of the predicted tree shrew CD25 amino acid sequence with human CD25
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EEEAESE (F 4). hCD25 i i N Cys?/%0-Cys™/0! |
Cys™'-Cys!'® Fllig, [6] Cys®-Cys'" ., Cys'®-Cys'™ — Hi
B, D1, D2 J 90 B H ARG T4, D1, D2 FIE M
AU T2 (9 Tyr Fl Phe'  Leu™ 733#i A CD25
M) Arg® Fl Arg® , Met® | Leu” #1 Tyr® B9 5 /K P O
bl TL-2/CD25 & & . Cystiosst,
Cys!®/BVMIIG e +5CD25 W E & PR ST, hCD25 #)
Arg® , Arg® (tsCD25 & Arg, Arg), Met®, Leu®,
Tyr* (tsCD25 & Met, Pro, Phe), Pro, Phe J& i 7K
PERIERR , A5 Wi K2 (B 4). tsCD25 1Y %S 1] 25
gl 5 hCD25 AL tsCD25 Fl hCD25 H & Lz
750 53 Br SR WO A AR LR RRAE L T R A AHADLAG A
2.4 H CD25 EERIES I

CD25 F bk U 40 B 43 A 1 R 5 2 R T e
tsCD25 FY 41 20 43 A A1 3% 3k g 08 7 7 kL A
tsCD25 ¢cDNA Ff[a]—B% 484 bp HIRST FE5I4E Jy H:
mRNA FEF P S ARIE, 2087 T tsCD25 mRNA
(14 20 243 A7 FIK T 48 B 22 34 1 L. 1sCD25 mRNA
SYATAESNE I RERT L A1 R ot B9 2 5k o R T A
(J#l 5). tsCD25 mRNA 7£ A 1k S 1% Ak ) Ik B4 41 i
AT, 0~48 h R LE 7E 72 h I T
T+, 7E 96 h T &, PMA, ionomycin 1%L , tsCD25
Wk Fsf e 2 IR TE R EL A B I (/T 6 (a)). CD25 & 44
FIETLE CDAT CD25" Tregs I, TEHL R 8 A 22 73 24
JRiEASS . T B 4 Me 55 AT 5 5 &35 CD25%. Foxp3
(forkhead/winged helix transcription factor) f&
CD4" CD25" Tregs & & FI4EHF Uy e i 228 17 3
R0 H Rl A BF 28 8 Foxp3 7E 4 CD4t CD25*
Tregs Frm M4 E AR &Y, RATH Foxp3 mRNA
(IR EBHEAT T 43 #7. Foxp3 mRNA FE4M A I
Jigeb AT G I B H R Gk (] 5). ARG B BT Foxp3
mRNA F & & &K, PMA, ionomycin & b5, 78
48h B S B FF, 7€ 72h Lb 48h Rk B AN (& 6
(b)), tsCD25 By IK 2 M %t F1l % 3 R 30 CD4 ™

o

o y
. | & o \b o WD AT
& o &S M S R
A &S & B O

& FEHEET F

co2s | +: »
Foxy [ | 225
PR — — — — = — — — — — — IR}

5 FZEE RT-PCR Skl CD25 EH
mRNA ZEAREHLRRIKER
Fig. 5 Tissue distribution of tree shrew CD25
mRNA by Semi-quantitative RT-PCR

Oh 6h 24h 48h 72h 96h
CD25 484 bp

(a) P CD25 mRNA 7E#Hk B 401 F i35k

Oh 48h 72h

practin ] 615 bp
(b) i Foxp3 mRNA 7E#MKELANIE_F iy FiA
B 6 FZE=Z RT-PCR 49#i#HHI CD25

mRNA 7Eitk B 40 fE_E iR iA
Fig. 6 Lymphocytes expression of tree shrew CD25

mRNA by Semi-quantitative RT-PCR

CD25" Tregs JIRE X IT ARG A ARSMIFFEA
ZE S TR B A PR, FATHE mRNA
IR 73 A 1sCD25 IR F O, 745 AL A 82 A
FKFRIBTE O, A R BT 1sCD25 HUAAFIAR SC BT i
il 7 AR SE i i — 2 2.

3 it

25 b, A SO RT-PCR 45 AR 92k T b i
Treg AR THIFR AR CD25 , - X122 3 PR %) 4% 4 1R A0
BIETRFHVIEAT T 20 e AN TR U8 HL 388 B R T R N g
FJEFRIK sCD25 LR E MAHIEF sCD25
B 75 1. G5 R FE M . tsCD25 B ORF K 816 bp, 4ifih
—ANH 271 N EERA BB EA, B 2 4
Sushi Z5H93, 2 4~ N-HESAL I ZAY OB
5 RKIERIIEEL A fm FEARRUE , 7EA i A0 R il
JELAE i Rk F L BB %3 i PMA Fl ionomycin
RAMIEFT IS, T — 2 il 48 tsCD25 1 558 BT
WINHl CD4™ CD25" Tregs hRE . 1 — 2 F) I # )
SRRV 0 1A i S AR e I A R T 5 A g
HBV 4 YL P90 14 S 2 2= LI B e T A,
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