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Abstract To investigate the VH gene organization and diversity of the Amur sturgeon IgH gene locus, total RNA was
extracted from the spleen, and the ¢cDNA of the immunoglobulin heavy chain variable regions were obtained by RT-PCR
with a pair of specific primers. 31 clones were isolated and completely sequenced in double-strand sequenced over the vari-
able regions. The erythrocyte DNA was cut with restriction endonuclease for Southern blotting to define the distribution
in the sturgeon genome and whether they belong to the same family. Except for the leader, D and JH segments transla-
tion sequences the aa sequence comparison results of the variable domain showed that the identity of all the clones was
higher than 75%, subsequently those clones were separated into two clusters. The identity of the leader peptides was
over 90% . According to the result of Southern blotting, we suspected that the 31 clones belong to the same IgH variable
region family. The complementary determining regions (CDRs), especially the CDR3, have a number of variations.
But the range of sturgeon CDR3 was shorter than other vertebrates. This indicates that the sturgeon is lower in the devel-
opment of immune system. Some conservative motifs were found in the diversity segments. During the rearrangement,
more than one VH gene segments could share the same JH segment. In another word, the variable segments can be as-
sociated with any of the D or JH segments in the rearrangement. Amur sturgeon, in addition to the random rearrange-
ment of VH, D, and JH segments, has exonuclease activity and an introduction of N and probably P nucleotides at the
site of rearrangement all of which could enhance the diversity of Amur sturgeon IgH variable region [ Acta Zoologica
Sinica 52 (3): 557—563, 2006].
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0 20 B A e BREE . (Immunoglobu-
lin, Ig) WIZEY), P /B IgM, R RG kAR
AMERE i T I Tg. 5 0 5 Ja T 4 i 40 49
IR 5V A (Nelson, 1994), #2IN A A B iy
ZINREE VNN Ry —, SFaRML, wl
AL TR, RTIT 1g RPN GO R 2 FE 4k
BUHI — >+ 20 A 3 L) F (Takeshi et al.
1990)

PR AN ERE (IgH) R E & n] AR X
FER X Bt (Variable segment, VH), 3% X 3 [A]
X B (Joining segment, JH), 2 Ff 15 K X B
(Diversity segment, D) VLI B#: I 5 1 4E w8 X 3
RIIX Bt (Constant segment, Cpl —4), % X B[
ARG IRE T IgH 77 T2 FEVE. B B9 AT ail
BTHENYEA Ig 0T (Lundgvist, 1998). F1bl
FPCE A g o BN R, TgM e B
M LI RAE T RERARN, 8RS
DY 0 R I BEIE DR 22 )7 T BN R DA X B 1)
B IEELW], AR R [gMp BEREIZE g T
A AL s GER AR MR # ( Amemiya and
Litman, 1990a). # ) IgM AV R, HLE
B () R A28 XS N s H s
J&) (Schwager et al.,» 1998a) FRFLEY (Honjo
and Matsuda, 1995) 1 —#FF, B HCE A4S ] AR X 3
HX B (VH) AL T 2B IXEER X B (Cluster
of diversity segment, D) 1 L, RHH & EH
XEERIX B (JH), TIAE 3 St 4 AME XL R X
B (Cul — 4> 2 A X EE KT IX B (Trans-
membrance segment, TM1 —2). B HIKBE, VH.
D M JH KB N Z T Cu KB R EE R4
L AW Hh “ 5 ¥ (Translocon)” FE %1
(Amemiya and Litman, 1990b; Bengtén et al.,
1991; Ghaffari and Lobb, 1989; Wilson et al.,
1990; Ventura-Holman et al., 1994; Hordvik et
al.» 1997). HEPNHZUL KA [FRKE 2 52wy 2 1k
PURIIZ FEPENLH] (Lundgvists 1998). ZAEPENL
HEHE VH-D-JH 7 Wi BEHLE A, A% BRI AZ IR
SMUIBEDIBRAE T, DL ACE A, 55 P AT N 1 IR 1)
i\ (Liebers 1992).

K3t G e BREE 1 23 1 AR A T R R GE AL
DLF AR AR 6 (1) B 55 FN 5% (Lundqist and Pil-
strom,» 1999; Lundqvist, 1998; Lundgqvist et al.
1996, H A BT K 5L R EF UL 7 i B 5. 4K
B S (AR BRI PE IR A

S VR BT AR I e OR E B) BAE 1 S RO
(Lundgvist and Pilstrom, 1999), Pitbx}iifh Ig [
BT, RPURBTRE - W SRR, TR T R
HESI W) Sl RE MMM G A ERZ . LT
BB A PUARBE T A0, e D FRATTHR BR — Loy
PUARIK 77 77 VAT T 10 A% G M (Takeshi et
al.» 1990).

1 MRS

1.1 Mk

18 LKA (150 — 200 g), K A E KR
LR A B E AR TR L, REAEGA AT
I AR IR 55— QTR
1.2 ik
1.2.1 IgH %% cDNA kg RH Trizol (Ger-
many Invitrogen Life Technologies) & 7l & 7 51 $&
I 6 4% S BT T (£ 208 = A2 bk 2 40 R ) = 2 388
) AHZUS RNA. HUE RNA & 8 pl A oligo
(dT) 519 40 pmol/L V&= J5, 70C /K# 5 min,
SERIVKA S min, F AW B RNA 20 45 4 714 5
HERR RNA 551 g &. RIGH A 5%
Buffer 4 pl, dANTP 0.5 pl (10 mmol/pl), M-
MuLV (G JE IR A s e RS 1 U, #0
MR S U, KA 2 SRR 20 ple 37C 1 h
Ja ., A B A U RS DNA 77 RS C e
B PEAA A 63 4% (DNA 741 (GenBank /37415
9 Y13253), N Oligo6.0 A=K AF ik 6 e —
X514, FeAIare .
V1: 5-CACAATACTGCAGTACAATGGG-3’
V2: 5-GTTTGATCCGTCCAAGAGAAGG-3
PCR S NAK Z A R H) 1 pls 10 X Buffer 2.5
pls Dntp 0.2 mmol/L, NS4+ 0.5 pmol/L,
Taq DNA RGM 1 U, REHMKE 25 ple PCR X
N Ay FAEPE 94°C 4 mins 94°C 30 s, 58°C
30s, 72°C 45 s 330 MEF: EJE LM 72T 10
mino K H VI IR 1 & ( MagExtractorR-PCR
& Gel clean up-ToYoBo) MYt PCR /=4, F H 4k
RIS #E S PMDIST #ifk (TaKaRa) 16T %
3 h, HALBIKIGFH E . coli DHSa B2 2540 i
e FERUURL, & EcoR 1 A1 Hind 111 XX g Y] A
PCR %€ )5, BENUBREL 31 AN 41 PH P v B AT )7
FIE -
1.2.2 JPH0 80 ABI 3730XL H ghill 74 (b
Wt E YA D AT A e, IR
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BLAST-N (Altschul et al.» 1997) F#JF7E GenBank
Bl e AT AL RS R . SR ExPASy (Expert
Protein Analysis System) ¢ H B 0 1V (1) 2 JE 1R
J741, N H CLUSTAL W1.8 (Thompson et al. »
1994) F&/¥ 5 Jotun Hein /5% 5¢ %% BXTHE, 23
T2 P 5 AR [R) 32 MR 7K 4 23 A 43 )t DNA Star B A
11 MegAlign 1 Protean F2/F#EAT 04T ##E Ka-
bat et al. (1991) WFFTHRIE I &5 & ALY A A AL X
WIS T, ¥ VH X3 817 K (Leader pep-
tides LP), HZ2X (Framework regions, FRsl —
3) LA HE AR E X (Complementary determining
regionss CDRs1—2) LLJH D FlJ W& i 1
CDR3 A1 FR4, 3t 8 N X BLEAT 20 Hri0F 5

1.2.3  Sothern blot 77 #1  #EHUZL 40 )il & DNA,
M Hind s, BamHT, F EcoR T 550 5 5l HES
MM BBV IAE 1% RBIRBERE 1.5 v/
em FVK 20 h 789070 B, IFAE B 3 MM BE4RAT 20 X
SSC 54 W AE H # #% 2 Jé Je i ( MAGNA Nylon
transfer membrane 0.45 Micron) I3 360 nM %4k
TG R AZHK 30 s, FIASAC 1 hJa, IO 10 pl e
P ARG EREE, SOC 2442 16 —20 hs H5 &
£0.1% SDS HJ 2 x SSC =WV, K 15
min, 1% 0.1% SDS 19 0.1 X SSC 65T & UM
R, BEIR 15 mins ARG MAE 1 pl Anti-Dig-Ap
(Germany) [ 10 ml buffer (1 X buffer: bolcking =
9: ¥ 1 h: HJ5¥ 400 pul 5 4 pl CDP-STAR
(Germany) ] Buffer Ill, #NAERE E, 57,
2 S min, RAIGESE, X 6 30 min

%,
1
2 4 R

2.1 LK IgH B AEX cDNA J7 4153 Hr
K51 V1 AT V2 4T RT-PCR ¥4, Billg
B Pl 52 P RS WU 3 TR KN (29 560 bp AbD B
Wgkatt, PIaiftb e, Jf v BE | PMDIST 444
b, FAL SR BHTE S BEAS I, BEAL R 2 B v
BE AR K G5 0 vl —v31 AT . P8 O Ag 2
GenBank £ T, kA5 7071 4 DQ257638 #|
DQ257668. FrA W15 (1) ¢ 71 ¥ 46 IgH #E LP,
VH, DH, JH [W5¢ 3T 6e X /741 i B 2 %)
b, b5 ORI A 75 A R 6 H A AT AR X E AT A TR
LA . ¥ % vl —v31 1) VH X Bt (FR1
A FR3) PLIKGEA: cDNA JPAHHAT LRI, TR
MIAH TR 250 0 A 82.2% (v2 5 v26) & 98.8%
(V11 5 v17) 2SS, T4 g5 R Bos,
A5 5 VAR 6 e 2 2R 8 1 A v AR X VI
FWA M AR 26, ATk 90 9% Zidq o
2.2 WK IgH nIAR X G SERR T 55 B
2.2.1 AIERX YV FEFH ST BRE LP LK
CDR3 Ml FR4 X (fAiT2& B D M JH F B 5 1)
FIf AR XV R B A ISR 741, R Jotun Hein
TEE SR B R, Wk vl —v31 1) VH KB H
BRI A MR S o LK 1. L2
— B LR T A AR R 2245 80.6% (v7 5 v17)
-95% (v17 5 v25) ZI[a, 2 #0274
AN 77.8% (v3 5 v16, v1e 5 v24) —99%

v30 v7
Vil v13

v20

18 vl4
v
2 vl
. v3l
— V25 v
7 v10
vle6
v6 v4
] S E—
v2 vi2
—l 15V3 L —v24
w3 v
v8 v21
126.0 v
120 100 80 60 40 20 0

HIBRITF o (Amino acid substitutions)

1 RREG VH XL TSI O R4,

ES

Fig.1 The clustering result of Amur sturgeon VH region aa sequences
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(v5 5 v8, v9 5 v19). {HERAM ST 75%
i HARIER AT SR (LP) A& B Kk
SN (Lundquists 1998), 1M AS S 56 3K 45 1) 4= 356
FEBIRIET K (LP) M KRR 7 41 8 B A A 1)
AR, 75 909% A I, fr DAFRATTHEN X 26 vV K&
PR BBz R T IR 1A VH JEBR 5%

2.2.2 WA DRBFAIST @S H AR R
AT EEXT I, 456 Lundqvist (1998) 7%,
¥ FR3 IR LR IR (Cys) Ja I 34
AR D B G fl. TS FR4 AR~ 1)
R (Trp) ATHIEE 3 NRERIEN ] Bk
U WA AR, D BN 7 3
35 ML K EASE, A LRAERTR, &2
TEEIER 5 EH#AA R KA XL RE D
B LLIR o B L 2.

2.2.3 AR ] RBORAIST B ] B
N, BATRIVSEZ T RRITF I A VA, Hd
5 AH 4, 7, 9, 10, 15, 16, 22, 23, 25, 26,
27, 28, 30, 31 WX 15 NFHIM ] B AAAAHI
MEIERT5, M6, 8 11 1] FBNEERIT
I EAHF) 2, 3, 13, 14 WRERIFEILH T 55—

TR B BHBTURI, A A JH BT F)
W = A VH K EP A B I T (Lundgvists
1998), XKW, TEIE WK B Bk A i AL R B 4L
R, W — VH FIG A 5 8 AN W VH
FE DR SR P 1 3 o] DA AR A ) JH B R A
R s o b, AT B 3 12 FhAS R 2 R
FesiR JH R B.
2.2.4 FRs M CDRs & X B AL stk 3 Hr - & ]
BHSHOF T (Kabat, 1976) 2K 3
AP LLE Y, S IR S s K A 1 R ] AR X ) BB R
JEIX (CDRs) HAB KK A, CDR1 X 354
5 5 MR FE . CDR2 KA B K. Wik D &
oy ] Begmisr) CDR3 X AEZ SE /A7 B AKE
IS AN Y

W5 ALY A CRUEE VU R 6T, 0 6,
I, B, 65, SR, AFIZESE) B CDR3 HCECR I,
fid 4 1) CDR3 ¥ FE AR A0 [ L FLsh 1 4= 11 %
M5 PG ) 4 — 11 AR IR 1 A8 4k Y [ B e 4 R
ficd 1 H /N — 28 (Lundqvist, 1998; Jorgen et al. >
20000

R F D
5| cga CAGGTATGGGGTAGCGGGTAC) TIT | GAC
6 | --- | GACTTCAGTAGEIACAGTGGG -T
8 | --- CAGGTATGGGGTAGCGGGTA(
10| -AG CTGGGGTGCCCGAATGCT --C
15| --- | GCCTGGGGTAGCGGGTGGGGTGCT --C
2| --- GCTGGGGTGGAGAGCTATGGTTAC --C
33 G TGGGGTGGCGGTGC
4| --- GACTACTACTACGGTGCT --C
9 | --- GETAGTGGGTGGAGTGGCTACGGC --C
12| --- | GAGAGAGACTACTATAGCCCCTACGGC --C
19 | TCG GTCTACGGGGGTAGCAGETIACAACCGC
21 | AAG GGGTGGCCCTACGGTGTT --C
26| G-C ABFAGGGGGGACTACTGGGGGAAAGGCACAATGAT | CAC | CGT
27 G CGCTATAGCCCCTACGATGCT --C
31| --- TACGIGTAGCTACAGTGGCTACGGTGC --- | coa
5| --- | CAGGTATGGGGTAGCGGBTAC
8 | --- | CAGGTATGGGGTAGCGH
15| --- GCCTGGGGTAGCGGGTGGGGTGCT --C
19| --- | GTCTACGGGGGTAGCAGEIACAACCGC
16 | --- | TACAGCGGTAGGIGGGTACH --C
20| G- GGAGGGGACAATGCT --G

12 DR BAZIRIT I
R BRSNS R DR )i [

Fig.2 The comparison result of D segment nucleotide sequence

The last aa of the V segment and the first aa of the ] segment are indicated at the top. Identified motifs are indicated in bold and

palindrome sequences are written in frame and gray.
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IF FE1 cCr| FE2 CDR2 FR3 CDR3 | FR4

WA X 4K (Vregion segments) (nt)

3 SRR X AR LSRR

Af AR = A7 55 EAN R R SEER (M H /AL e i W LR B A% (5] A Kabat et al.» 1991: Structural concepts in im-
munology and immunochemistry) o

Fig.3 Variability of the sequenced clones

Variabilities have been calculated according to Kabat et al. (1991). Variability = Number of different amino acids at a given posi-

tion/ Frequency of the most common amino acid at that position.

2.3 Southern blotting 731

A SIS 8 VH R R SR i
) BG4 T 41 2 0 0 40 M5 B 411 DN T 677 N S T Y 3
WA G R T REMZRAEN, 78T Southern _
blotting 4%, 1T BAAISE B KK R E, I 2 N a A
ST S AR R AL rh o TR [RIER 0 2 Ao b SEENY " YT ¥ Y
AR I IR Je e 2 R — 30 (BT RMD, % f Y e ¢ g e
AR BT PRI R AT, AT, A St
6y T EA5 Y B0 T 00 A S BR A 1 AT AR X 5 _
eV i | I
2.4 BT [gH WARR EAKYE, B RHOR T A RS &
nBEPE T :"l i il a1 I
G [gH AR 56 K S ATt B 4 o, K4 i g A
Bl 4 AN SR [gH nARIX SRR PR AT B, nl FKPERES 3 5: A, Kyte-Doolitde 3K #: B. Jameson-
AR FIsE KPR LR £ 2 A T FR1 H3. FR2 Wolf HUEHESG C. Emini % 0 At .
HiEE. FR3 Wi Al FR4 By ¥, UL A EEAS1 CDRI1 Fig.4 The data of amur sturgeon hydrophilic, antigen

F CDR3, i CDR2 36K PERAK. WIS, XS T index and surface probability
‘fﬁi}ﬁé&l@ ( lzg[ 4: B) *Uﬁﬁm ﬁ%‘[ﬁ IZ] ( IZ‘ZI 4: O, A. Hydrophilic blot Kyte-Doolittle. B. Antigen index-Jameson-
%ﬂ(‘lﬁ{ﬁgﬁﬁ@gﬁjﬁ, j;@'fﬁj @f%%&ﬁ?ﬁ[ﬁ, E Wolf. C. Surface probability plot-Emini.

BT RBURTER. S5 8 5 X ST 91 A 25 5 1
3 W ®’ i, RATAR A SR S SF 518 T W — A4 VH
K, AEE I K MR ST T AN AR TR 7 B
£ . H Southern blotting &5 S 7] LAF H, 1% 5 [GhF
VH G0 AR 2 WG AU, A A 14 i 53
GRS ER R 11 2 REPE (R 4 W7D, fELZ il T BRI

P T H, LBV XEHUR S5 AL,
Forp R SE DIATDAHEE 1 FR X 2R 7 5141 4
2, HiREAR I CDRs D45 &5 48— AL -5 TR
R = e A5 Ry TLAMO SR 25 )
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T74E, BATICEHEN W% VH % % 53 101 D) £k
Heo [, TATERI, AFATAZX B LS [H
—ANJ A BRAEEM, XMEWET L KR4
etafk b, gl VH FKIEAFERAES D ]
B FE DRI L0, sk BT S e Bk (1 R v AR X
KB T EHAEX . BT 23Nl VH-D-JH
2 TR) PR R B AP SR N S 3T, VH SRR B
5 v B 2 R) 1 IR A AT L SR TR IR 2R o

g aran, WAVRAN D ARG R EKE
SR FAAE BRI A . JFH D R BIEH
K, WIVEMH A B S i A R 7 41
Mt CILE 20, ATERIAT — LA 5 1 5 K 7
HILEAN A () s e e A E A2 I 22 k. it HLAT (1 3
R HILE R — S v b LI 2 Ik (g B w15 R
FHFA TGGGGT), AT Ly Il T 24>
BERFA) Clnse B vs AR B 81 TGGGGT Al
GGGTAG). A MIESR T, FEUry, x5, &
ANER P &I T CTACGG, GGGTAG
E—MEFL KP4 (Roman et al.» 1995). 1 D B
o, RO R B M BLE A PO BUE A
(P-region additions). £ D J Bt 3" F1 5" Wi GC #%
TR E S UHA N BN (N-region additions) .
P BRI N B A A R T e BR 8L 1 n] A8
X Z FEPE I TE

TS IGHT TgH AIAR X [ 421X (FRs) 534t
VR —FE, BOMIRS, AR/ ARSI HR o
(W 3), FR2 A1 FR3 XAHXEE, AR, i
7E FR1 X 12 D2 SRR IEA FR4 T2 8 N2
FERR R I AL IR s ] AR, 3808 BT R
(A) BRFETRAR J GRS (G #ERIMHER (VaD)
BT RA MR E R (Tle).

ESPURE G Y, CDRs MK/ Z L 1R
FRAE A B TR KHIPER, 1 CDR3 X (14244 55
Ko fELKES [gH WX JFHIH, CDRI H 5 A%
FEMRVRFEA G, T CDR2 AR 15 3 19 A2 2
TRAE, S [ s BREE 1 CDR3 MK A 4 3
1 AEIERIR A (LE 2), 1 HAAE IR
A BRI L 3). 25 Al A
OIS, FRATT R BT 40 1) CDR3 (14K B A% b i [l 22
LEmi AL A 2 o AT LRI Rl b, S g
I 5 22 (P T 6% 1) CDR3 A2 f /) (5 3] 11 AMad
FRIR L) . ARIESR . 7R FL3h P AV L5 HES)
WA A A B, Al AT Y CDR3 X R 8 K
(Desravines and Hsu,» 1994; Golub et al.» 1997;

1993; Raaphorst et al., 1992;
Schroeder et al.» 1995). i CDR3 [+ 5 0 LA 3 i
AR (R ZAEE . DR, BRI CDR3 23 B il v i
PR THESh btk Z HE MR K 42 Roman et al.
(1995) B4 HIE CDR3 A7 18 iy <5 1A HE S 0t
BB AT, 63 EAR AT B 5E &
M5 R0, (HR2IA Tk KRGk F R
Bo

S IgH 1) CDR3 AHX B, 10 Wu et al.
(1993) 4FMERIE: CDR3 1458 52 HAC L K 52 0 -
BRI CDR3 XA 5 JE MY, i 4 CDR3 X
W WM By AN, B A, IR Ig
A BEAAT 1 HH R 2 1 A R . H
SRIPUR 46 G R R T O BUR SRS SR T O
(R AH B ful e A 2 (AL 0, AT I RoAT 2 3R e 1k
(Multi-specific) (Schroeder et al.» 1995). %X}/
2P A KA S P BT CDR3 K52 2]
BRI, Rk BT ) CDR3 KR — BB AE 5 3 12
Z TR) o TS E TR DNA [T 44 )45 58 58 B Bl
HLE) CDR3 & E 4 (Johnson and Wu, 1998).
Pk, FATHEW, 5 KVGFEE CGadus morhua
L.) —#f (Jorgen et al.,» 20000, 5 [ FR K
CDR3 K S A st HoaE SR R PR 2R A (i 2
B BB B 77 2, [ I 2 7 AR 43 (R R 2 [
=

T 8 A 9 BR AR 1) L ) AR X 1) 5 AR )
R 2 P A e tL i, JATRINS 5 =450 B
BRI DR R (Cys) ISR (Trp) BRIEAERT
LLRLIIAY IgH b I A4 B ot T kA b
(s BRSO T S IRET 1g 0 1 AT IE
T4 S M SR e PR A 45 G i e

H U FRATIAGF Y 4518 s I3 S e BR e B T v
AR GERI G A7 EAHE, H VvH KRG 2
ANECGL, FINGHA KRR D M h B, SECLK
3G IR AT KR VD] EHZ . I
HETRAMIMRER, LA N AP Fr B4
N AT S G HTARAT B 2 [ n] AR M A ]

Lee et al.s

HOW RO RIS SR A
SCHIESE 53 S s R AR ORI AEAS S SE SR AT 9
TR T A B IS -
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