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W E: GTPE%EANX%EA 5(GTPaseimmune-associated protein 5, Gimap5) &5 T @ fefaAiA4E, AL BEFe
KMREFEEFEBETEEM, QL ESE TGRS HMLLAIIRE., TP AA R B0 = 31 A #EX 5
#, #1A RT-PCR #[% Gimap5 # B &K% 5 7| 5+t AT £ %15 & F 947, RT-gPCR AR 947 Gimaps A A 6948
PRSI SR A KRR P 6 sk, AATHA G Fe = %28 Gimap5 £ B A K %A 5 534 771 bp, %A
256 A~ RILER, £ E AR AR K. Gimaps & & N-Ks AlG-1 £ MR An C- KB F 7] 89 a- 3Bk Mo
AEZODefm TP THRAEZTZMHA. Gimaps LB £ AATR B Fe = & 3 &-20 22 344 KA B T ALIAE
AL, A2 S BB Z R RE — RS RE AR R A ERGEER. EXERM Y, Gimaps B & b fo b I
EMHBETIA (P<0.05), mAXKEFEHE EA (P<0.01). 0 Gimaps £ —/ &5 HAR R F F= X %95 R
0% hHe AR, FFEA KIER LS B AR e 69 AR S R A
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Expression and function characterization of Gimap5 gene
from different breedsof broilers
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Abstract: GTPase immune-associated protein 5 (Gimap5), a key factor in maintaining T cell homeostasis, plays important
roles in immune and inflammatory processes. However, its function and characteristics in poultry have not been reported. In
this study, AA" and Sanhuang broilers were used as models. The full-length coding sequence of the Gimap5 gene was cloned
by RT-PCR and analyzed using bioinformatic methods. Tissue expression and distribution characteristics of the Gimap5 gene
and its functional characteristics in inflammatory response were analyzed by RT-gPCR, respectively. The full-length coding
sequences of the Gimap5 gene from AA™ and Sanhuang broilers were 771 bp, encoding 256 amino acids, and presented low
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conservative among different species. The AIG-1 domain of N-terminal and alpha-helix structure of C-terminal
transmembrane sequence of might play important roles in the Gimap5 protein function and cell localization, respectively. The
Gimap5 gene was widely distributed and expressed in various tissues and the pattern of its expression change was basically
similar between AA* and Sanhuang broilers. However, there were some differences in expression activity between the two
breeds or various tissues of the same breed. In inflammatory response, the expression activities of the Gimap5 gene were
down-regulated in blood and liver (P<0.05), but up-regulated in the bursa of Fabricius (P<0.01). It is speculated that Gimap5
is a multifunctional gene involved in the development of the body and inflammatory response, and has potential application

value for diagnostic marker of inflammatory response.

Keywords: Gimap5 gene, AA™ broiler, immune, development, inflammation

GTP it E A= 1 (GTPase of the immune-
associated protein, Gimap), iy 44 N e A%
HIREEA 1 (Immune-associated nucleotide-binding
protein, lans), KIKMAMRZE , LK IE FFHIESE
N-3i5 5 A7 AIG-1 Z5 ke, 32 230K Tk L 4 i F
W R, Gimapb J& GTP il fis fl 6 &
AR A 2 —C ) FEAEdE T 40 Mfr iy i & 1%
BRI o i, A PRI K BB AR Y 3k £ 4
HIB8 A 2 - Gimap5 ik RS A 2 A 5 [k Ay 14T,
R Gimap5 2 (4 #0215 2 LR b 19 43
BRI, BB B AR A Bk, 51k
T A -8, Chen W 5e & BLAERE T 40
SR A THFEAMH mTORCL @ B&IEE, 4 Gimap5
LR g it 2 S50 AKT/mTORCYL il #% (1 21 Bt
WG, (R HE T M ; Nitta 200 /N Rl & B
Gimap5 5 #1411 Bcl-2 #l Bel-xL A ¢, Al fE
il Bel-2 ZEMRAMEAEN, W RRAT
5 T M E4HBEAFTE . tLoh, Gimaps JEH 58 A8 A 2
S KBRS BRIEEHI  (Inflammatory bowel
disease, IBD)™, AHLI A% L E /N B do A & 2k
B Gimap5 JEHRAE/NR S g AR, R ] g
JEALAATH 20 M s /02517 CDY'T 40 38 Al A
PO, T &l 4 i

HT, XG0 R0 58 1 i o 7 e PRI 8 ol A 7
B9 L, o F XY Gimap5 FE R 1A S 5T
RWIRIE . BRI EHIE R, Gimaps FE[H
5 5 40 i S 2 N T AR AT Y TR N 1A B
J& Gimap5 S PR 45 bk B 40 O 47356 AR 22 B4
HLEAT A T
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AWFEE R AATNIEFI =X Gimap5s it
R K s, T 23R 15 0t A s g 4
B, VU HIRABIGE Gimaps Jit K 2 24 58 HeAl

1 MRE7E

11 ZESHF

ARWFFE T AATR XS TN = B XS [ I IR
T &Y 3£ 393 ; BF A TRIzol 57 H Invitrogen
NFE] WESEI R & (FSQ301) I3 H TOYOBO
o (Bg); SR E A (Pyrobest DNA
polymerase) I pMD18-T ikl A 5L (Kik)
HIRAW; KBFFHNEZ M (Lipopolysaccharide,
LPS) g H % F 4% (o) AEHEAREBRAH,

12 Gimaps £EREREMEEFSH
AT 514 F) F Primer Premier 5.0 %44
wit, mATAY TR (BE) BOARAFS
o MHRLLEAY (Gallus gallus) Gimap5 % X 7 i
FF41 (GenBank % 5¢%5: XM_015281120.2) %1
PCR 5|# P1 #1 P2, 51¥FERILE 1. RH
TRIzol 27 32 BUBIE 2 RNA , Fi) 36 4 Sl &
(FSQ301) & cDNA (J5 i3 Bk HITE I 45).
PCRJZ WA FR (25 uL) 41°F :2.5 ul 10xTaq DNA
REMESE M, 2.0 uL dNTPs (2.5 mmol/L), 0.8 pL
b, F#ESI® (10 pmol/L), 0.1 pL Taq i, 0.5 pL
cDNA (20 ng/uL) FKH £ 27K 18.3 pb. PCR
KW 244K 94°C 4min; 94°C 30s, 56 °C 30s,
72 °'C 45s, 30 MEH; 72 'C 10min, 4 CZ gk
S 4 PCR 7= #y4lifb )5 s3] pMD18-T #kiA I,
Y g R PRPER 3 ANE AL T3 T AR R IE R B iR 55
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x1 AMRETASIY
Tablel Primer used in thisstudy
Primer name Seqguences (5'-3')

ACCGACAGGCCGTGCTCCTTTGACT

Gimap5 primer
(P1)

Gimap5 primer
(P2

Gimap5 primer
(P3)

Gimap5 primer
(P4)

S-actin primer
(PS)

S-actin primer
(P6)

TGTGCCATGTGGGGACTGTGGGATT

TGGTGCAGGAGAACGAGGGCAAGTA

CTCTGCTTTTCCTATCTTCTCTGTA

GGCACCACACTTTCTACAAT

TAACACCATCACCAGAGTCCATCAC

(b)) ARAEWF . FIH SOPMA . SWISS
MODEL F1 DNAMAN 584X Giamp5 &[4 1 1%
TR 7 9 A LR 7 9 AT A AR 2 22 5 T o
1.3 Gimap5 ZFELRIEFF T

Sy BIEHLIEBCRIRAE 10 H 14 H i AA”
MG . I BN . . EE . M
B K. NMa. B S k. S8,
REMG . FilG . i ANk FCHESE 16 R4, BUE TR
AP UR, I T-80 CIRRAF4 . R TRIzol i
FIRBUAS 41 B RNA FE4 AL cDNA (U5 ¥k [R]
1.2), M FsZmE R PCR (Reverse transcription

guantitative real-time polymerase chain reaction,
RT-qPCR) 4% AR5 Gimap5 % K 76 AA 438 F1 =
PR AP B SRR . RIS Gimap5 Sk [
Hif X &1t RT-gPCR 514 P3 #1 P4, Lk p-actin
(GenBank # 55 : No. NM_205518) ) N & JE[H
W25 P5 Fil P6. H iYL Gimaps 5 A2 4k
p-actin [ RT-qPCR S 14 2 5] & A K S i FiE
AHMFA . 20 ub RWARZR 7. 2 uk cDNA (20 ng/plL) .
0.6 uL Ei#51% (10 umol/L). 0.6 pL FiiF5|4)
(10 pmol/L). 10 uL SYBR Green Redtime PCR
Master Mix (TOYOBO, L), 0.4 uL 50xROX
reference dye 1 6.4 L H,O; S FEFF R : 95 C
10 min; 95°C 30s, 56°C 30s, 72°C 30s, 404
TER; 4 CEIER

&: 010-64807509

1.4 Gimap5 £ E £ KA & B PRIk 74

BE AL 1E B R0 R 47 | IR EE AR Y 11 H %
AATHEXS A3 2 41 . BOXTREL] (PR FEER KRN AL)
AT (LPSHeRidl), 41 10 X, AHREMIX
Ko IR 11 d FFARELE 3 d RS LPS
A PRER KRR B, LPS G430 50 ng/kg
(12 d). 50 pg/kg (13 d)F1 500 pug/kg (14 d), *f A&
A S AR ) 500 g AR R ER K . 43I 14 d HfERS
(LPSAbFE 72 h) JHFAE . B . 3o FG 3 LI <5 4
YU AR B T A T, 380 T M.
A3 ) SR ECH E A XS A R A0 L . B . U . B
B R RHESE LR e A S 4418 RNA, FI
RT-QPCR R E 43T Gimap5 J[H 7645 41 2 F 4%
i sEIE AR L, ELR RT-QPCR I 4514 IR) 1.4,
15 Zitoh

ARSI REHLE R 3 H ARG A T A B #T
ANEERHERT 3 IR AR . RT-gPCR R 27°¢
TR Gimaps 2121 A% A AR ik T
Pe, R 2722 i E R iTHE Gimaps 1ERIE R
O L AR AR e R 1, A SPSS 20.0 Bkt
P B TR R 2550 #, Bdia R A GraphPad
Prism 5.0 # Ak r/EK .

2 ERE54

2.1 Gimaps ZEF M RESFIISH

ARSI SRR P i RN Gimapb JE K 4
K4ty 5] 771 bp, ARG 3ANEHLAFIF
GEIRI 5, gahid 256 SR (AATAIRY GenBank
B MK214432; = GenBank &5 .
MK214433), EfiF 2554k, W 249+
1AM T ProtParam #4548, Gimap5
HE W S8 810, 4> F i A 29053.33Da, Ay
55 K. TragetPl.1 K1 Gimaps & -HA %k
R RIS (SP), 3% 5 Daheron Z51E kA
WO O ) Gimeps & 45 R A — . FIH
ExPaSy-prosite, SMART Al Predict protein 255k {4-4)
Mr & IR Gimap5 25 FIF77E AIG-1 4541, (1201 AA) .
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PR F 51 (233-252 AA) Al 3 BINEENI A (1L 4
CAMP il cGMP {6 1k 25 171 0t 5 2 Ak A 1t
6 ik 25 A I IR AL L N 3 4 N-A B ik ik
i) (B 1), SOPMA #K{F5pHrW], Gimap5 &M
TREERALT a-lZiE S 51.95% (133 AA). TCHLE:
il 5 30.86% (79 AA). FEf4E 5 14.06% (36 AA)
B2 Y 3.12% (BAA) £ JLEhZEHIE,

1  ATGCGTCTGCTCCTGGTTGGGAAGACCGGGGGGGGACGAAGTGCCACAGGGAACTCCATT
] M RLLLVGEKT[6GGGRSAITGNS ST

61 CTGGGGCGATGTGCCTTCGAGTCCAAGCTGGCCACCAAACCAGTGACCCTGAGCTGCCAG
21 LGRCAFESEKTLATEKPVTLSCAQ

121 AAGGCAGACGGGCTCTGGAATGGCCAAGACATCACAGTGATCGACACGGCCAACATCTTC
41 k. A p[c L w N 6 Qlp 1[T v I D]lT ANTF

181 TATCTGTGGGATGACAATGCTCCGGTGCACAAAGAAATCTTGCACTGCGTCAGGCTGTCC
61 Y L wDDNAPVHEKETILEHCVERLS

241 TTCCCGEECCCCCACGCTCTGCTGTTGGTCACCCAACTGGGCCGCTTCACCCAGGAGGAC
81 F PGP HALLLVYTQLGREF[TQED
301 CAGGAGGCCGTGAAGGGCGTGCAGGACGTCTTCGGATCCAGCGTGCTCAGATACACGATC
101 @ FE AV KGVQ@DVFGSSVLRYT.]

361 GIGGTGTTCACCCGTGGAGAAGAGCTGGTGTCAGGGACCCTGGATGACTACGTGACCTAC
121 v Vv F[T R G EJE L V.S 6[T L b D]y V[T V]
421 ACTGACAACAGAGCTCTGCGTGATGTGATCCAGAGCTGCGGGTACAGGTACTGCAGCATC
141 [T DJN RALRDVIQ@SCGYRYCSI

481 AACAACCGGGCCACCAGCGCCGAGCGGGACCAGCAGGTCCAGCAGCTGATGGAGAAGGTC

161 N N R A|T S A E[R D Q Q VQ @Q L M E K V

541 GTCCAAATGGTGCAGGAGAACGAGGGCAAGTACTACAGCAACGAGATGTACCTGGATCCC
181 Vo MV QENEGEKVYYSNEMYTLDTFP

601 oceer TAACGGAAGAGAAGGTGATGTATCACGTGAAGATGTACAGAGAAGATAGGAAAAGC
201 G L T BEEEVMYHV KMYRETDTREKS

661 AGAGAGCTGCCCTGGTGGAGGAAATACTCGAAGTGCCTCATGGTTGTTGGGGGCGGTGTC

221 R E L P W W[R K Y S|]K CLMV VG G[c V]

721 ATTCTCACGGCTGTGGTTCTCTCATTITGCCTTACCCGATGGAAGOCGTGA

2411 L T A|JV VL SF CLTT RWEKFP %
1 AA'FI3 Gimaps EEZEBRMEEIRFT
Fig. 1 Nucleotide and amino acid sequences of the
Gimap5 gene of AA® broiler. Initiation codon is
shadowed; Asterisk indicates the stop codon; AIG-1
domain (1-220 AA) (single nderline) is indicated;
Transmembrane sequence (233-252 AA) is indicated
with double underline; cAMP and cGMP dependent
protein kinase phosphorylation site (227-RKY S-230AA);
Casein kinase phosphorylation sites (52-TVID-55AA,
97-TQED-100AA, 124-TRGE-127AA, 133-TLDD-136AA,
139-TYTD-142AA, 165-TSAE-168AA); N-myristoylation
sites (9-GGGRSA-16AA, 44-GLWNGQ-49AA, 239-
GVILTA-244AA) are boxed; -indicate SNP site. Based
on the predicted sequence of the Gallus gallus Gimap5
gene (XM _015281120.2), the SNP of AA" broilersis 165
nt (T to C), and Sanhuang broiler SNPs are 165 nt (T to
C) and 616 nt (A to G), respectively.
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FIFH SWISS-MODEL # 4%} Gimap5 & 11 — 2k
ghE PEAT BRI, &Pl Gimaps & H 7 4
(1-199 AA) 5 3zjc.2 EAM /45 (14-213 AA)
AL (8 2), il A 13 S Fh Gimaps 3L %
TR gty 4 R, 253K, Giamps LA
TEAR R Py ) [P (B 3). Gimap5 &[4
S (69%L 1) MRy (67%L 1) &
PR ]I AR A iy, 2 2 1) A [ Y
i (55%LA ). Gimap5 2 R 1y 51 kAL w43 A
KU, PRGFIAG S LRI —H, A, /DR
. KRS SEmA YA —#% (B 4).

«~— (C-terminal

N-terminal

GNP

C-terminal

N-terminal

3zjc.2

&l 2 Gimap5 &£F 3zjc.2 RIELEHIEIRMEE

Fig. 2 Homology modeling of the chicken Gimap5
based on the crysta structure of 3zjc.2. 3zjc.2:
GMPPNP-bound human GIMAP7 L100Q variant.
Gimap5 and 3zjc.2 al contain the Mg and GNP
(phosphor amino phosphonic acid-guanylate ester)
ligands with similar structures, but their structures
change at the C-terminal.
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Sanhuang_broiler[MK_214433]
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100%

Gallus_gallus|XM_418519]
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Pelecanus crispus[XM_009479064]
Bos_taurus[XM_005205795]
Capra hircus[XM_018046739]
Manis_javanica|XM_001079769]

P
76%

55%

75%

Canis_tupus_fumiliaris| XM_022403863]

Felis_catus[XM_019825999]

0,
83% 73%

Pan_troglodvies] XM_ 009454550 -1 99%

67%

Homo sapiens[NM_018384] .
Mus musculus|NM_175035]

Rattus_norvegicus[NM_0G01033913]

& 3 Gimap5 & & B F5IEIR MY 54
Fig. 3

Homology analysis of the poultry Gimap5 genes. Analysis was done using the DNAMAN software

(http://www.lynnon.com). Numbers on the branches represent percentage of homology.

100 Homo sapiens (NM 018384)

L Pan troglodyres (XM 0094543530)

100

100

Manis javanica (XM 001079769)
Bos taurus (NM 001079769)
Capra hircus (XM 018046739)

Canis lupus familiaris (XM 009479064)
Felis catus (XM 019825999

Rattus norvegicus (NM 001033913)

e
100 AMus musculus {(NM 175035)

Pelecanus crispus (XM 009479064)
AA+ broiler (MK 214432)

100

e
0.050

Bl 4 Gimaps REBRFFIENLED

‘ Galtus gallus (XM 418519)
‘ Sanhuang broiler (MK 214433)

Fig. 4 Evolutionary analysis of Gimap5 amino acid sequences. The phylogenetic tree was constructed using the
neighbor-joining (N-J) method within MEGA7.0. Numbers on the branches represent bootstrap values for 1 000

replications.

2.2 Gimap5 ERFEHLRIAE S

Y YVL SRR TE TR, AATHI = EY
Gimap5 FE K 5 T4 N LRSS, IF H — &
KA LA AL, B4, Gimap5 3 K 7E 1 5h
R RE . N K. IR 7 A A R
FESRIE VRS RC R, MIAEREAE . BRAE . CEE . M
WP, WLE . Rk BB SR E e (K 5).
Gimap5 FE[H7E AA™TTAAY I 2 1876 M i 2

&: 010-64807509

THABLHLL, TAE =B/ g Fak i & T
fhZH 21
2.3 KRN T Gimap5 £ FE R RIEE M S
SEIRKHA, Gimaps SER7E S ARG I, AT
FE AL RS SV h ek T VE R B E A8 Ik, Ri7E
AAT RIS 1 I AT s B 2 N R (P<0.05),
M7EE e 3% FiE (P<0.01); Gimap5 EPA e
FEFN R i e S v M (AN B 2 (K 6)
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Fig. 5 Expression patterns of Gimap5 in different tissues of AA™ and Sanhuang broiler. The internal reference gene is
B-actin; Significant difference (P<0.05). Same letters indicate no signficant different. Different letters indicate

significant difference.
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Fig. 6 Relative expression activity of the Gimap5 gene
in inflammatory response. * and ** indicate differences
that are statistically significant at P<0.05 and P<0.01,
respectively.

3 Wik

AT PR K e 7 R 8
G B R T S HOY S AN
AR ARG Ty B IR R PR 5 7

RZESE, XM bhFR 8] ) R IR 25 57 1] RE S LI (A 1
B I RERHE T SR (8
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B AATTNREFI =R Gimap5 it PR 45
52153 Gallus gallus #E77 [l i, 2558 5
SN 5 2R NS A7 165 A% H BRAEAE 11> SNP
B (T—C), [FR =¥ 7E 616 (%1 BRAFAE
73— SNPAL (A—G), HIXLE SNP i sl AR
RN Z R, R Gimapb BRI 7EAS AN
[] iy R AL R b AR SY o R G5 o R
X% Gimap5 1 C-i 1Y o-18 e X3 R A 25 i 57
(233252 AA), 12508 Gimap5 & 18 it B 5 41
B2 T A AS A b, JEIE T N-Ui ) AIG-1 254
B R FETRE, 1% 5 Dallberg Fil Daheron 21518 % gt
Gimap5 & 1A F N L 2ok A A /R
SRS ELAG RS8R 4 M 25 v ) 281 45 SR AH EIE
3D ZEth [l IS B, R W] Gimap5 5 3zjc.2 =5
[E1) 235 460 [ A7 = BE AR UM, Gimap7 1 (3zjc.2
P2 A) BRSNS Gimap2 B 1 GTP i, T
TE I EL AN A7 5 P R A AT Gimaps & 7
HA Gimap7 HRIERA Fe e 2ot . Koy
TR 2 11 7 20 5 B S A8 1 A R R R I 1 2R
1, 1M Gimap5 HA 2SR A7 5 Fl A S5 kAL
B, LB 1% GimapS & 6 AL FIE LA
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FRRABGE . [RIVEAE A AL PR3 28, Gimap5
FE 5 2t A W L 8 18] 19 5% 2 RN i AL G R A7 AE
—EMEE, WERAY Gimap5 K AT RELE V) RE A
P2y 1 5 FL S W RS R AP — B 25 57

BV SR IR PR Y BT &I, Gimapb SER 7
AATPANS I 5% F A TE R B T A 4L 4, IF
TE =0 IR Pt A S TR, Gimapb RN 7E
AAT TS I Ak B R A = EXS A 10 £5 L BFSE
B Gimap5 & /) Bl I B 41 B (Hematopoietic
progenitor cells, HPCs) 77 i i f i fa i H 719,
Gimap5 R @R B RS AATIRIXY I 20 i i)
BB AT REA G, A RriE— 5T . Gimap5
FEDRITE AA™ DRI I — B X B il i 2 20 b 1) LA 45
R SRTE T, AATPIXE Y A R 2R =S
2 . Chen Zr5: %0, Gimaps J:[H k1%
M5 Ggse R S IE A G, I AATTRINS AN = EY
I¥] 1) fr 3 FI A7 AE 22 57, Gimap5 5k PR 78 X g fig rh
PR T YHMIE 5 534k 0 AR S PR A 58 o LA,
Gimap5 FEH7E AATRIY A = E A9 IE i HA
A FIATEME o GimapS 18 1 17 15 1 i 20 it 2ok 1A
Cal $5E I, 10 9 5 A My 400 i 94 515 4 2
Gimap5 FEH7E AA™IS Y F A B R A0S = H Y
2 f%, W7~ Gimapb F& K T B2 3 BOR R i 20 g
1 2% S TR [ R 22— . Gimap5 K&K 7E P i R 38
(R Fl /N v L B B s i R R TR R, BFSEER
W, Gimapb 5 [K 58 A8 2345 35 G i it 52 Fh A 2 ik
LI, Gimapb JE K R AR /N R 2 & A T 4
4112221 Gimap5 JE R 7E AATRXS e ik kY
JEZ AR 2 £, HED Gimap5 JE R 7E i iE i
2255 FR AT RE S AN TR i R XS g T S RS A 5% .
WAL, Gimap5 Jt PR 7E P il 2200 HoAh 2] 20 il e ik
TR ARG, Gimap5 JiE R 75 & 500 52 ik
(D REA Ff fa Zebt5e

RIEAEAGET AT R, X Gimapb J& R AE
S A R FE . MR Gimap5s &K B T
(P<0.05) I 85 LA 98 i 5 i HH I Y8 1 S8R A A
5%, BT /R , Gimaps 3R 7E R P59 112 Wibs

&: 010-64807509

WCY Rl BE A RN FH B . AFoT B ARG 2
it LPS J 23 520 JIFFUE AL S AE1> 2 /1N B, Gimap5
HFERERA S T, B ME 422 %
i A AR R R, Gilmap5 35 DR 7 JFF I I AR 2 3k
T, PTRES X RN A A G R B R SRE I SR
DA, M Gimaps F PR 7 fi i Fk FC g v 3k
L, wIRESYAYS T. B AN AE L TE I
A G, WK, AFFRALHTT T mRNA K15
SETEEHT, EAKFEAELZES S mRNA KF—
LK Gimap5 [ ik U A pLE A FF s

AW AATRNG S =55 X8R R SR 5
Y1, BIRTORE T R Gimap5 KK 4 K g i 4]
53 BT Gimap5 41 43R 38 431 FR I LA AT S N e -
SEE R, Gimapb BERIFEA ] i 3R R XS (] Rk 15
PEAFTE2E 52, T JRME IV [ S A e 4l 2
FEAR L . Gimaps A g — 2 SALhRE . ML
TR TR RE o8 SN I 2 T REFE IR, IF7E RAE
SN2 WbRic ) B TR AN E
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