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Abstract: This study aimed to study the gene structure and function of red deer 3-defensin-1 (red-
BD-1) in order to better understand the gene’s tissue expression pattern. The cDNA full-length
sequence of red BD-1 gene was cloned from the red deers lingual mucous membrane adopting the
technology of PCR combining with rapid-amplification of cDNA ends (RACE), the sequence was
analysed by bioinformatics, and the expression of the gene in different tissues was determined by
Real-time quantitative PCR (RT-qPCR) technology. The results showed that the full-length se-
quence of red BD-1 gene was 455 bp, and the open reading frame (ORF) was 192 bp encoding 64

amino acids. The bioinformatics analysis indicated that theoretical molecular weight of redBD-1
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protein was 6. 94 ku containing 10 amino acid residues with positive charges without amino acid
residue with negative charges, and its theoretical isoelectric point was 10. 85. It could be predic-
ted that redBD-1 protein had a secreting signal peptide structure, had no trans-membrane domain
and mainly exereds the ectocellular physiological function; six conserved cysteine residues formed
3 intramolecular disulfide bonds with the connection of Cysl-Cys5, Cys2-Cys4 and Cys3-Cys6;
the tertiary structure of maturation protein consisted of B-overlap, extension and random coils.
Amino acid sequence of redBD-1 showed highest similarity with that of siBD-1 (98. 4%), fol-
lowed with BEBD (92.2%), HBD-2 (35.9%). RT-qPCR results indicated that red BD-1 was ex-
pressed in all detected organs, and the expression level was relatively higher in most organs of di-
gestive system, respiratory system and reproductive system compared with a relatively lower ex-
pression level in parenchymatous organs like liver, kidney and spleen. This research could pro-
vide a theoretical basis for a better study of defensins gene functions and red deer mucosal immune
system.

Key words: red deer B-defensin-1; RACE; gene cloning; sequence analysis; quantitative expres-
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Primers for redBD-1 cloning and real-time quantitative PCR
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Primer name Primer sequence

P1-F sCCAGCATGAGGCTCCATCACCTGCTCCT
P1-R AACTTTGAACAAAATTTATTCTGGTTTAAATT
3-GSP-F CTGGGTCAGGATTTACTCAAGG

3-RACE-Outer-R
3-RACE-Inner-R
5-RACE-Outer-F
5-RACE-Inner-F
5-GSP-R
red-actin-F

red-actin-R

TACCGTCGTTCCACTAGTGATTT
CGCGGATCCTCCACTAGTGATTTCACTATAGG
CATGGCTACATGCTGACAGCCTA
CGCGGATCCACAGCCTACTGATGATCAGTCGATG
CATTGGTCCTGGCCGTGTCTTAG
CTGTGCTGTCTCTGTACGCCTCT

GGGACACCGGAACCGCTCGTTGC

* FiX # & TaKaRa LA TagDNA Polymer-
ase, LA 1. 3.1 P iU s AR B 1) cDNA gl 5149
P1-F/P1-R,#47 PCR Jx .. 50 pL #3& &R 1 uL
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PCR JZ i, 13 8] 3'RACE K Bt . 35t B I v vk i
CE D L 1 H AR R B sk E R .
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nine-R, 3 il Z R Lysine-K) ; 3& A 47 11 HL fir 1Y 2
H R Bk K 280 nm By B R JH O R AL h 375
mol « em ™' 514 TP BIR K R BN 0. 275,
2.3.2 redBD-1 R &8 F 5 5 Ik 7000 K 5 1 45 4
Foi ) FH SignalP 4.0 Server %} red BD-1 4t
(2 A P75 5 BB B0 (4 s BT LR 1%
FEM N i 255 24 7 20 58 B2 22 W) 1) 55 Y47 45 40 (8
MERE BV Y35 B e KIEE, RIZEAAF
SREEM N W EE. M TMHMM 2.0 Server
X} red BD-1 % i 1 235 [ 3 47 25 R 45 4 1 o0 (&
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Fig. 1

redBD-1 £ E RT-PCR ¥ RACE ¥~ 1 i) 57 B 95 5 A B ik
Agrose gel electrophoresis of RT-PCR and RACE amplification of redBD-1 gene

1 GAG ACT CAG TTA ACC AGT TCA TAA GAA CCA AAT CCA CAG CCA GTG CGG AAT TCC 54

55 TCC CGG AAC CTG GGA CCT TTA TAA AGC GGC AAG CGC AGC CTC TGC TCC AGC GTC 108

109 AGC CCC AGA GCT CCG GCT GCC AGC ATG AGG CTG CAT CAC CTG CTC CTC GCG CTC 162
M R L H H L L L A L 10

163 CTC TTC CTG GTC CTG TCT GCT GGG TCA GGA TTT ACT CAA GGA GTA AGA AAT CCT 216
L F L v L 8 A G 8 6 F T Q@ G V R N P 28

217  CTA AGC TGC GGT AGG AAT AAA GGC GTC TGT GTG CCG ATC CGG TGC CCT GGA CAC 270

L 8§ C G R N K G V C V P |1 R C P G H 46
271 ATG AGA CAG ATT GGC ACT TGT CTC GGG GCC CCA GTA AAA TGC TGC AGA AGG AAG 324
M_ R Q@ I G T G L G A P V K G GC R R K 64
325  TAA AAG AAG ACT AAG ACA CGG CCA GGA CCA ATG CTG AGT CAG AAA CCA CAC cCT 378
*
379  TCA ACA GAG CAT CTA AAA TTG AAA CCA GAA TAA ATT TIG TTC AAA ATT AAA GAA 432
433  TTG CCC ACG GGA AAA AAA AAA AA 455

BI5 3R 5 -UTR AHAZFOR 3'-UTR; XUF WK F R 55 IR S8R T 51 5 50 F R 48 3R Ik & R )T 91

Gray shadow represent 5'UTR; Italics represent 3' UTR; Double underline indicates the putative signal peptide se-

quence; Solid underline indicates the putative mature peptide sequence

& 2

redBD-1 £[H cDNA £ KFEI RIESHEERF T

Fig. 2 The ¢cDNA full-length sequence of redBD-1 gene and its deduced amino acid sequence

2.3.3

redBD-1 i85 [ 26 /K 2 /5 7K o 20 B X, HA 5 10 52 &R (Lew) B /K 2 e ok (B 5
iz il Expasy iR 45 #5 H ProtScale £ ¢ %} redBD-1 Jik 3. 5) s TE AKX, B K R AL R F0 R K B AR 1Y

éj\

HE RO/ FOKPE AT 0 A WAL 6 Bk LT A
redBD-1 A B N K55 KPRk - 2.3.4  redBD-1HT 4 2 1 %5 9% 45 14 7500 iz
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L. Leucine; G. Glycine; R. Arginine; C. Cysteine; V.
Valine; P. Proline; H. Histidine; A. Alanine; S. Serine;
K. Lysine; Q. Glutanine; N. Asparagine; F. Phenylalanine;
M. Methionine; T. Threonine; 1. Isoleucine

Prabi 7E4 il 55 % 1Y Sopma F2 57 43 #r (18 7) & W,
redBD-1 FijfA S 2 Z R 45 B o IR E A B9 &
R TCHRIN A 4 Foh 25 ¥ 2 o HL 4% Bl 45 48 BT 7 b A
A3 26.56%0.10. 94 26,20, 31% K& 42.19% , H
o MR E A A 7 22 BKEE ) N 3 ;38 ] Predict-
Protein IR 55 % 43 HT R W1 . 6 > R 57 1Y 2F e 20 1R 4% 5
A3 LA Cysl-Cysh, Cys2-Cys4 il Cys3-Cys6 i 2,
M 3 A4y F N R (R 8, ik — A E M T
SLRER redBD-1 J& F BB R WKW . KBR{E5 K
FE9 )5+ 35 ] SWISS-MODEL # 47 [] 5 2 852, 4 &
9 i/, redBD-1 BUAVE H I =R 5 2 BT &

3 redBD-1 B{k B [ i S E B AR SIE il 760 T R0 465 ot 4 L 3K 5 T A A ) 4 R —
Fig.3 'The amino acid composition of redBD-1 precursor protein E
SignalP-4.1 prediction(euk networks):Sequence
ok ... . ' ‘ ' ' C-scorc; i
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7 F Position
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C-score. Point value of original cleavage site; S-score. Point value of signal peptide;

hensive cleavage site

E 4 redBD-1 HEEFF 515 S KT & 47

JE R BT VD7 25 43 5 S-score. {55 BK A 4B s Y-score. LA BT VI s 1 438

Y-score. Point value of compre-

Fig. 4 Prediction analysis of the signal peptide of redBD-1 amino acid sequence

TMHMM posterior probabilities for WEBSEQUENCE
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Fig. 5 Transmembrane domain analysis of redBD-1 protein
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Fig. 6 Hydrophobicity analysis of redBD-1 precursor protein
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Fig.7 Secondary structure of redBD-1 precursor protein
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Fig. 9

2.4

AA  MRLHHLLLALLFLVLSAGSGFTQGVRN PLSCGRN KGVCV PI RCPGH MRQIGTC LGA PV KCCRRK
S5 L0 RS (3 1,60); 520 BB AL FE(38,53) 505 3% i B A £3 F2:(43,61)

E 8 redBD-1HIFEH_MRBME
Fig. 8 Disulfide bond position of redBD-1 precursor protein

9 redBD-1 EH =L
The tertiary structure of redBD-1 protein

redBD-1 BI{K & B [ iR RS
T redBD-1 2 518 17 51 1l MegAlign #{F

h Clustal V J5 ik 5 NCBI i e b e 428 80 17
KHEL s W) B A 2 2 L R b xF, 45 R WOR (&
10) X BE S HL TR 5 S TR 5 8 L & 1 & A 6 RSP
ot 20 1R ke K 5 BE IR I 91 Im] U5 B 8 1 & siBD-1 2Ry
98. 4% Hyx & BEBD Jy 92. 2%, 5 HBD-2 [a] ¥ 14
BARAL N 35. 9%,
2.5 redBD-1 EAEREMHERTRIEE
BRI S 2 Spss 20. 0 B AR 4Y BT L 45 5 &
11 fliR . redBD-1 JEREP A B B P ¥A £L, A
HAMX RIIBAEA RS EHNERBE. redBD-1 1
THALR G PR R G K A B R G0 1 K8 4 2% B Rk
SRR TR WA PR AR G 1 A A N IR I RN A
SERPERS B R R IR R
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GenBank B[S ERE B RIDXESHREERFT SEELE Identity (%)
KT900948 redBD-1 MRLHHLLLALLFLVLSAGSGFTQGVRNPLSCGRNKGVCVP | RCPGHMRQ | GTCLGAPVKCCRRK 64 -
HM588696 siBD-1 MRLHHLLLALLFLVLSAGSGFTQGVRNSLSCGRNKGVCVP | RCPGHMRQ | GTCLGAPVKCCRRK 64 98. 4
DQ861296 reBD-1 MRLHHLLLALLFVVLSAASGFTQGVKTPQSCHRNKGVCVP | RCPRSMRQ | GTCLGAPVKCCRRK 64 87.5
AF000362 CowEBD MRLHHLLLTLLFLVLSAGSGFTQG | SNPLSCRLNRG | CVP IRCPGNLRQ I GTCF TPSVKCCRWR 64 76.6
S$76279 CowLAP MRLHHLLLALLFLVLSAGSGFTQGVRNSQSCRRNKG | CVP IRCPGSMRQ | GTCLGAQVKCCRRK 64 90. 6
AF014106 CowTAP MRLHHLLLALLFLVLSASSGFTQGVGYPVSCVRNKG | CVP | RCPGNMKQ | GTCVGRAVKCCRKK 64 81.2
AF014107 BNBD-4 MRLHHLLLAVLFLVLSAGSGFTQRVRNPQSCRWNMGVC | PFLCRVGMRQ | GTCF GPRVPCCRR 63 74.6
AY301005 BEBD MRLHHLLLALLFLVLSAGSGFTQGVRNPQSCHRNKG | CVP | RCPGNMRQ | GTCLGPPVKCCRRK 64 92.2
Y17679 GBD-1 MRLHHLLLVLFFLVLSAGSGFTQG | RSRRSCHRNKGVCAL TRCPRNMRQ | GTCF GPPVKCCRKK 64 76.6
AJ009877 GBD-2 MRLHHLLLALFFLVLSAGSGFTQG | | NHRSCYRNKGVCAPARCPRNMRQ | GTCHGPPVKCCRKK 64 79.7
U75250 SBD-1 MRLHHLLLVLFFVVLSAGSGFTQGVRNRLSCHRNKGVCVPSRCPRHMRQ | GTCRGPPVKCCRKK 64 84.4
U75251 SBD-2 MRLHHLLLVLFFVVLSAGSGFTHGVTDSLSCRWKKG | CVL TRCPGTMRQ | GTCF GPPVKCCRLK 64 73.4
AF031666 pBD-1 MRLHRLLLVFLLMVLLPVPGLLKN | GNSVSCLRNKGVCMPGKCAPKMKQ | GTCGMPQVKCCKRK 64 53.1
AY170305 hoBD-1 MR | LHFLLAFL | VFLLPVPGFTAG | ETSFSCSQNGGFC | SPKCLPGSKQIGTC | LPGSKCCRKK 64 43.8
AF06886 RBD-2 MR I HYLLFSFLLVLLSPLSAFTQS | NNP | TCLTKGGVCWG—PCTGGFRQIGTCGLPRVRCCKKK 63 42.9
NM_013756 MBD-3 MR HYLLFAFLLVLLSPPAAESKK | NNPVSCLRKGGRCWN-RC | GNTRQIGSCGVPFLKCCKRK 63 42.9
AF155882 MBD-4 MRIHYLLFTFLLVLLSPLAAFTQ! | NNP | TCMTNGA | CWG—PCPTAFRQIGNCGHFKVRCCK | R 63 36.5
AF071216 HBD-2 MRVLYLLFSFLF | FLMPLPGVFGG | GDPVTCLKSGA | CHPVFCPRRYKQIGTCGLPGTKCCKKP 64 35.9

A ¥ ) R 6 52 A7 5 PR SF 09 2 e 208 AR R R
The consensus sequences are shadowed in gray; The conservative cysteine logo in italic letters. redBD-1. Red deer 3-
defensin-1; siBD-1. Sika deer p-defensin-1; reBD-1. Reindeer -defensin-1; CowEBD. Cow Enteric p-defensin-1;
CowLAP. Cow lingual antimicrobial peptide; CowTAP. Cow tracheal antimicrobial peptide; BNBD-4. Bos taurus
neutrophil g-defensin-4; BEBD. Bubalus bubalis enteric §-defensin preproprotein; GBD-1. Goat B-defensin-1; GBD-2.
Goat B-defensin-2; SBD-1. Sheep B-defensin-1; SBD-2. Sheep -defensin-2; pBD-1. Pig g-defensin-1; hoBD-1. Horse
B-defensin-1; RBD-2. Rat B-defensin-2; MBD-3. Mouse B-defensin-3; MBD-4. Mouse f-defensin-4; HBD-2. Human
beta-defensin-2
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Fig. 10 Multiple comparisons of B-defensins amino acid sequence between redBD-1 and those of other species
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Fig. 11 Relative expression levels of red BD-1
3 %W it

3.1 redBD-1 £ EFNH

AWFFE R H RT-PCR 454 RACE 17715 2
MG 3] redBD-1 FE K ) cDNA 4 J¥ %1 K & 455
bp. &5 &M, % 3K 5" UTR 4 132 bp,

ORF 4 192 bp.3'UTR 4 131 bp, 465 64 15

FEWR N 6 AHEE AL E IR SE 1Y e IR R AL L 47 )
LI Cysl-Cys5.Cys2-Cys4 Fil Cys3-Cys6 1% 2 )7 =0
TER 3 X B B, GX R BB R A IR AR 2
JC L redBD-1 R EERR T F N K1 24 &
FEMR AT T T A, HLAH UG 9 IR 2 3 R B L —
AT 51K I B 5 K B 0L
RIS £ AT 5K 5B 0K A
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FR A AR, R R DX R e B K 3k
IUE RGP - 7 18 2R 1 P S Ik 25 ) B PR B M A
Bl T4 A B0 170 R AT 1) g A 1) 18 i 75 e R 5 A
FRET I LA K 40 BE 11 e S PR DT R A ek 2R
Y. s T R oW E B A A £ K
N 3 (15 5 K DXL 3-8 )2 25 4 0 F 8K X3
« BRI 5 15 5 K B T BB A L BT & A /N 4y
R EN A W PO SR R e S R
BB TE 5 1 1 P WO 55 1 A W A %) 2R B o
B FFAE W 2 iE ) . S, Yenugu &V HFSE &
B, B 2R 1) S [ AL G 7 # HL Sa i A T 0 o 7 v
A E OCHAE . B HEN , redBD-1 [7] At 3-8
BRI — R B A R IRE .
3.2 redBD-1 EiEMESHT

[A] J5 ¥E 4> M7 15 %0, redBD-1 5 siBD-1F7,
BEBD™ | reBD-1"* % [a] i $ %% &5, 5 pBD-11% |
hoBD-1") [HBD-2"** 85 Hf X #5315 W S 44 8h )
Z I BB R R IR VR A s 5 S )
5N BB R [ IR AR . 5 T L 3 B (R BB A TR
BB A 2R B[R] 5 1 22 S A R L AR 2 2% 3 3K R
SCHEA 1) B R R i B o ) Aol 2 TR 1905 S AN [] s B
T 30— Se L PR 2R A 43 T H B Y 35 58 8 R IR
BN SRR S 3 T 5 S0P R R AR M 25 R AR,
redBD-1 552411 3 B 3-Bij 180 3= AH L6 . LAP [a] 95 1
e » X ] BB H T redBD-1 Fi LAP # R U5 F & 41
4,
3.3 redBD-1 Rik4FHEHH

BB AR 2R X A /N 43 40 T R AE I L S Ak T
TR AERREE R B, B A 2 A M 5
YIRE PR E 8 i R S SR I Rk . B
4 RAEIHE R W . SBD-1 748 £ 1 A4 15 Ak Al
WP WG 354 oy Ao ISR B T B AR R 4
WEVELE B IE NI SBD-1 635, AHFST 45 40,
FERRE T AL P I PR BB R G E red-
BD-1 SLH 3k . H AR 25 7k 3% e ik
KERANYHEAR —FGHBEEAEHUREANRL
F R e B RN S5 B AT R S I 0E A A K
(T A OG5 1 3 W] B & B, red BD-10 35 [RLAE I
B NS S TV AR ORI R A N R R R HRR BB
FAE R A e KAk S e AE Y 0 6] i 38 0] BB A7 7E
HoAh A=Wy 2 e AH & HAR Y ¥ D Re A 18 i —
WFFE R

4 &

A5 R H PCR 454 RACE W7 ik o 3k 4%
T redBD-1 JH ) cDNA 2K 75, %5 I 4 15 19
EAAGFSREERX. 8 TrwEn. . LA i
RIZ45H . red BD-1 B[N g it 1) 2 2L 1R )7 51) 5 Hg A
REOIRE A E 55 A s R IR M3 & . red BD-1
S TE R & B A Rk HAETHAL R Ge IR &R
BN RGN R B R KW redBD-1 B H7E
I AR AN o K A NI S R S X 7N 4 U i
B K T RE D S D JEE R T A s AR e 4 BRI SR
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