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B SRR

(IIHzOH o2 2H.0 (IIHO lCOO'
CH CH CH:
HxC—I:\l‘—CHz HsC—I:\l‘—CHs H_;C—I:\I‘—CH_;
CHs  2Fd(red) 2Fd(ox) CH;  NAD' NADH+H® CH;
Choline MO BA BADH GB

1 HER#EXENERERE

M1 BADH 7 45 4 5t 9 5 X TR U800 L 1 A
1B, B WS EE kR KBRS, FEEHE BADH
FEDI 43 85 5 D RB IR (B R R 3k 5503 1 iy ) S
PEWFGE. TR SR B3 I PSR ORI TR S A
Y i) BADH S5 Y5k 5 B4R 1 BB AR, itk
R HAEYE B2, ARHER (Beta vulgaris) J9HE A,
XTI (Spinacia oleracea) JWIFESE (Atriplex hortensis) L
THIEE (Suaeda liaotungensis) 5 F M (Zea mays) ZEAEY)
H BADH F)Z& R 7 5 BLe M 5 51 L X 404 . R 40
HEAb R R O B R X 5 R fL B R
Jo T R 53 1T 555 R G 1 T 0 43 #r SR 4 JE IR AT T
BADH HHT A BT 5T 3R AL BB ARYE o
1 #EEFE
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max, ADNO3185.1). P& 3 ( Spinacia
AABA1696. D ILFESE (Atriplex hortensis ,ABF72123. 1D . &
* (Zea mays, NP _ 001157804. 1), iL 7 B8 & (Suaeda
liaotungensis , AAL33906.1), = £ ht IE 3 (Atriplex
prostrata, AAP13999.1). Bk X\ # ( Jatropha curcas,
ABO70350) . A\ £ (Panax ginseng » AAQT6705) ., [ & 1
(Avicennia marina , BAB18554) . Jii 3¢ ( Brassica napus ,
AAQP5493. 1), & W B F I% (Chorispora bungeana ,
AAV 67891) i Hu 5 (Gossypium hirsutum , AAR23816) , T
A (Amaranthus hypochondriacus , AAB70010) . £k JTUJTK
(Kalidium foliatum , ABI95806. 1), # W ¥& 2 (Atriplex
centralasiatica , AAMI19159. 1) . 55k $H 1 3R (Atriplex tatari-
ca, ABQI8317.1)., &k Pt & 2 (Amriplex prostrata,
AAP13999. 1) . F & (Ophiopogon japonicus , ABG34273. 1),
571 18 B2 (Atriplex micrantha , ABM97658. 1), £h ## K
(Halostachys caspica , ABO45931. 1) 42 (Haloxylon am-
modendron , ACS96437. 1) . H 38 (Chrysanthemum lavandul-
ifolium, AAY33872.1), [a] H 3£ ( Helianthus annuus ,
ACU65243. 1) M 42 (Lycium barbarum , ACQ99195. 1) , £&&
INEE (Triticum aestivum , AAL05264. 1) .5 % (Sorghum bi-
color, AAC4A9268.1)., 2£ ¥ (Leymus chinensis, BAD
86758.1),
L2 Kok

iz il NCBI #9 BLAST 72 7 #4710 52 5 51 A i 26

oleracea ,

T %) 4y 2 4k % ¥ R f# F§ ProtParam ( physico- chemical
parameters of a protein sequence, http://expasy. org/
tools/ protparam. htmD) {4 ¥ & H 2 ¥ R E B 7 5 [7)
PEME LE X {8 F DNAman 844534 43 F R G & AR SE
Clustal X # {4 #4752 4 L XI5 » B MEGA4 3K {4 #%
Neighbor-Joining J7 2 #4743 F R G AL 5317 5 SR B /K M
F5Hr FHE 28 T B ProtScale (http://www. expasy. ch/
tools/ protscale. html) 5€ i, ; {2 5 k43 #7f8 F§ SignalP 3.0
2k T H (http://www. cbs. dtu. dk/services/SignalP/)
SEN ; IR B 5 181 R ] NetPhosK 2. 0 Server 7E4k
T E.(http://www. cbs. dtu. dk/services/NetPhos/) #£47
T 5 5 RS 45 4 38 B 43 i A 4 TR TMHMM 2.0
Server 5¢ X Chttp://www. cbs. dtu. dk/services/
TMHMM/) ; 2 H Jit — 45 F B0 5 FH 78 2k T 2L NPSA_
server Chttp://npsa-pbil. ibcp. fr/cgi-bin/npsa_automat.
pl? page=npsa_sopm. html) 5¢ i ; T) B 45 #4 35 J& 7 NCBI
F#IA CDD =L TR .
2 BREHW
2.1 HEYFHSE R i Bl i R R P 5 R AL T o3
R AR S 3 | 1L 93 L T E wL B K g R
S AT & R B AL P T 4 BT, A 7E 4 4 B R4
ProtParam ( physico-chemical parameters of a protein

sequence, http://expasy. org/tools/protparam. html) 43

4
AST 22 . B AT B FRRGE D,
T AE(http://blast. ncbi. nlm. nih. gov/Blast. cgi) ; & Z: R
*1 BADH RS E B 4E M R B RS
Table 1 Physical and chemical characteristics of BADH amino acid sequence in different plants
HERBE SrFR ARERE IRETRE EREFE AR
%) Plant Number Molecular pl Instability Axunge Content of amino acid/ %
of amino acid weight/Da index index Ala Glu Gly e Leu Ser Val
FH3K Beet 500 54 706 5.45 32.18 88.58 9.4 80 7.8 7.6 7.2 7.4 7.4
WK Spinacia oleracea Mill 497 54 330 5.29 31.41 91. 07 9.9 7.4 7.6 7.6 7.2 6.2 8.2
Wi 3K Atriplex hortensis 500 54 687 5.45 31. 58 90. 54 10.0 80 7.8 7.8 7.2 5.6 7.6
L THEM Suaeda liaotungensis Kitag 490 53 473 5.53 31.77 91. 16 9.6 82 7.6 6.5 82 6.7 8.4
E % Corn 506 54 854 5.74 38. 50 89. 51 10.0 6.9 9.3 6.9 89 6.9 6.1

AR 1 AT, B3R SR L 3 3R L T B ORTE
FEREE TN 5T & PG S AR — B,
R H A M RITR M 1, BT E SR S B 397
500 Z2 45 A FEBFIFE 54 600 Da 2245, pl {EIYTE 5. 40
LG S ARREIEBTE 32 £ 4, IR T8 8U7E 90 45 5 Ala,
Glu.Gly.Ile.Leu,Ser. Val J&ixX JLFHHE 4 FH =% 0 B B
MEERTFINFEBEENEENEARER. 5 FEDH
BADH ¥R fa et .

2.2 AHYITHSERREE B S R R SR T 5 Y L A

PEHUEH SR (% 3 L I 3% 10 TEERR . B oK SE 15 FiE
YT S IR S B R LR 7 51, Fl DNAman X A4F#E1T
ZEXT M. BB 2 AT, A [FAE YD B SR m
it B FR 7 51 5L 5w 1 R R A , — BUpE ik 31 67. 98 %,

ANFIHEY BADH 3 N 405 X i 15 1) & 2L BR 7 51, 1
A TR S B AR ST A K (L 4n i 32 BADH
266~275 N EIEIRIRID) DU K S BETh REA O 12K b & R
FRIEECHLINTHSE BADH (1) Cys294) , 3X S0 5% 3 7] g0 &
NAD* 254 7 5 B B A 5™ . R Z 504 4 BADH
LR SE T EKF S 8 VILELGGKSP, UK. "R £
KA BT A8 BADH -+ K751k VSLELGGKSP,
BIEE 2 NI E R 2 E R B AR, BRI R R L
FIFHITIKF 5] 5 VSMELGGKSP, RIS 2 i /) 75 2 R
HEINMMNREER B LERSFREREN. [
A, AR S B P S A A A TR ST 2 B R Bk
CHenfsE BADH Hr ) Cys117,Cys180,Cys194,Cys201,
Cys294.Cys400., Cys433 Fl Cys449) , REHETE .24 — i
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R B0 T AR T Fid S Bl 10 25 (W] AR EE B A
M. 1& BADH @XRRF5|H, 8715 2 Fif K xiE A
TENLAME S K — B RAFTE TS B L33 0 T3
BRAFAEYI ) N5 5 SR AR T8 QLFIDGE

FRA )pln(}p()g(m Japonicus

III(' L Atriplex hortensis
ZHIEAR Atriplex prostrata
BEEHIEEL Atriplex tatarica

e Spinacia oleracea

T Beta vulgaris

ST Suaeda liaotungensis
T-RELS Amaranthus hypochondriacus
K Glycine max

WL T 37 Chorispora bungeana
NZ: Panax ginseng

MIFC Lycium barbarum

LINAE Triticum aestivum

5%t Sorghum bicolor

EkK Zea mays

CHLANFHSERY 15~21 (IAEEMRERED) , ik 2 58 (L T ot
BIERES. B—FREEETER ERSEY P K
G {55 F AR, LR 75 9 SKLEL AN FE K 4 506~508
RIAFERATRED) e T SRR R 5,

2 7 E4E4% BADH My S BB 51 Lb 3t 53 47
Fig. 2 Multiple sequence alignment of BADH in different plants

2.3 THYIRHSEIREE I SR B T BEALAR

Xt 27 MR R R BADH @8R 51 7E ClustalX
BAFP AT 58 2 XS, Fl MEGA4 K {#% Neighbor-
Joining J7 S 47 3T RGBT RS FHSEIREE L
B EIEERT 5 7T AL (B 3) . BADH &IERRFF 51
FERE M AR S R R 2 3T, 2 AR XL A LA
B . TS SR LB L T S R
T BEAL S R BE 4T, T K 5 & /N R FARARPHE
Yy A5 2 B 4 , R B BADH 2 H &R TH A Y
BB — T RST BRI, AT S A s AL AL
5T BEALHT I AP B B B

—: WIEIEAE Atriplex centralasiatica =
rWH B Atriplex tatarica

90 VB Atriplex pros
775
100 98 Z‘Z& ()phmpogon Jjaponicus

:': WK Spinacia oleracea
T3 Beta vulgaris

99 W AKHalostachys caspica
499'? ¥ Haloxylon ammodendron
54 LT WGE Suaeda liaotungensis 3T Y

TR Amaranthus hypochondriacus
99 ih J]Uﬂ Kalidium foliatum
|: H%j Chrysanthemum lavandulifolium
1) H 3% Helianthus annuus
66 A% Panax ginseng
A E 3 Avicennia marina
W3 Brassica napus
K. Glycine max
%NW Jatropha curcas
WL FIF Chorispora bungeana
i Gossypium hirsutum
HIRC Lycium barbarum -
—— /NS Triticum aestivum -
100L— 18 Leymus chinensis *
Lﬂ¥“’g’rﬁﬂﬁjj

ﬂf/i\ Zea mays
100 [ % Sorghum bicolor

E 3 FE#E4 BADH KIS EBF 55 Fit Lo
Fig. 3 Phylogenetic tree analysis of BADH in different plants

2.4 HEYITHE R i SR SR K M A
Bk PR RE B IR = 42 A B

122

— A EBEN

R, AN B T AR IREE PO R BK B M B K 1, 38 FT L
TR Y R A AR SR R SR S i i R B
IR ¥ 5 R xF 42, 2k F #E £ T B ProtScale (http://
www. expasy. ch/tools/protscale. html) 43 #7. HE 4 7]
L ZIKEEH Cys180 A k= 43 {E 2. 067, i K M f 58k 5
Gly63 A B MK/ — 2. 589, K il . w4 £ ik
ERE3 P E Y SR BuRa b & NP T 3
FORSEAEY S A il S BIAE A Z5 R .
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Fig. 4 Predicted hydrophilicity/hydrophobicity
for Beta vulgaris BADH
2.5 AHYITHSEE b S S KT
PIFHSR DB &R, il 1 SignalP 3.0 74 T H it
Frsen i i S i AR RF I E S RI . B S
ARLCERRIE RIS 23 MRERME, HEN
0. 020, Z5 & BIY) AME (Y D I WAESE 3 MEIERR (L
B, 0. 041, /55 ik K43 (Max S)TESE 1 MEIER
(L, SMEN 0.251, MEE 1~2 NEER, T3 S{EN
0.165,5F-3 D {E 2} 0. 103, [H i, 3k W ik 3 A S 0 1
R EA (55 K, AR IR . XS 1L
S AL T ER G AT 15 BT SR
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Fig. 5 Signal peptide analysis result of Beta vulgaris BADH

2.6 AEYEH SO it A I R H 4R ) T 45 43 A

PR AT S I PF X &, i E 4 T A TMHMM
2.0 Server HEATHUI 1. B 6 AT, S A FH S 95
P T B I S R A A . RS SR R LT
TR S5 R D TSI R I D L Tl 5 P A A S A U 45 2R 5
R3S RAHIE
2.7 fa% BADH — 445 Fil

PR LTS AR 4, F ) NPSA 7E4 T A i

B 6 #i¥ BADH BB 45 HaiE Bl
Fig. 6 Predicted transmembrane structural analysis

of Beta vulgaris BADH
Il BADH &R P51 — 45t . mil&l 7 AT, ZE 2K
P o WEUIE QI (98 430 7E 8t IR A AR 40.80%0,8
i (A R BB BERZ 9. 4020, T
(B FR ) 7E8E P B RS2 31 4000, AR EE (L1
A FESE B HE R 18.40% . AT I o BRBEFTC
P it 2 T S o I M S 25 IR i P R B 0 5 A ST R T
B TR BREE . TEBESE L3R AL TR L B K

It

SR 3t Sl — A A LRI 2

3

el
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Fig. 7 Secondary structure prediction of Betaine-aldehyde dehydrogenase amino acid sequence

2.8 1Y) BADH R38R 7 5 BERR AL AL A5 b
ZA LATHSE R 9E T4 , 15 B NetPhosK 2. 0 Server
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B8 WS SRR F 5 BRI AL =
Fig. 8 Phosphorylation site prediction of Betaine-aldehyde

dehydrogenase amino acid sequence
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Non-specific
hits
Superfanilies

(Threonine) . &5 (Tyrosine ) 3 Fh A [F] (I BEER 4L v 5,
FREWE BN LZARBERIALL A S9,.540,852,
$109. S200. S333. S363. S373. S393., S414, 415, S446.,
S496, HRIRBERR ALAL AL 2 2 T95.T360 Fi 2 P& &
BRA A Y351.Y428, 7EiX 17 M ERAL AL s 7, S52.,S363
SA14 T4 B &, ¥97E 0.990 L b, @i X EsE.
PSR LT HE L EOKSEAE W T SR i B A B R T
H 58T AT AR B R AR A 45 3R
2.9 FEYIRHE RS I A B T RS I AT

7E NCBI _F#|F CDD 7E4k T H /3 #riif 3¢ BADH %
IR I ThE S5 I, 45 5% (B 9K B, 3% BADH
J&F ALDH-SF # & %, % B BADH J& F [ i S B X
W, B AR R TS PR, T AE AL BL T FR 2 .

B 9 &3 BADH IhaesEtaig s
Fig. 9 Function domains analysis of Beta vulgaris BADH
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R, 1Y) BADH J& T18 & 2R H B @ 2R e 51 B
HEBR T B R Y BADH & & N & BRFNA &R 5 K
BRI 17 FriE%) BADH &ERR 7 547 2 H L &
B, 2 5P A A R AR T B IR R S R e
AR PR IRER S EEAE RS NAD' 455 I i
PRI 2 e S A BB » X LA - I 2 T ) S Y 4 4
BADH @ZRRIFIIH&H 2 26055 ik, 205 % i T 4%
1 5 3 Ak W B A, R [R] B0 3 40 M E 2 W) BB 5 Jk
BADH B AR SC  F5 R IR T 9 27 4> BADH 3
o T B R R B, THSE B3 L I 3% (10 T 3%
BRAF AR B W #E 1L 58 R B, H 44 ) H 28 = w1l
BT I AERHEYTE 73 T A B RS B, T
RN ARABHEYIH EKR LNE T RREEYALT
T3 = 3 b BN S RS 00 I8 A TR BRI s B — Bk
W] BADH R/ a3 A 7 AL 237 BEAL BT 52 P /Y
HEKHE 12 Signal P 234 ZFEY A9 BADH 922
PR SN K AFFTESR 5 IR A2 7B 2 5 LATH 22 8
FLE o0 H BADH BB K 1, B> 2 Ik BE R B 6K
Y, NS B IR 45 #9385 NetPhosK 2. 0 43 #r#fE il BADH
LA L F IR E T RESZ I B R AL, B 45 3R O 5
JRRENFX AL EABMHRME T SH0 A RS
SrATHEN o SRR 2 BKEE P R B AT TR
IR TN TRATTE BADH B A4tk 09 70 1 HLERBT 5E 42
PEE BRI
& & 30k

[1] Fitzgerald T L, Waters D L E, Henry R J. Betaine aldehyde dehydro-
genase in plants [J]. Plant Biol,2009,11:119-130.
[2] Yang X,Liang Z,Wen X, et al. Genetic engineering of the biosynthesis

of glycine betaine leads to increased tolerance of photosynthesis to salt stress

in transgenic tobacco plants [J]. Plant Mol. Biol. ,2008,66 ; 73-86.

[3] Park E J,Jeknic Z, Sakamoto A, et al. Genetic engineering of glycine
betaine synthesis in tomato protects seeds, plants,and flowers from chilling
damage [J]. Plant J. ,2004,40.474-487.

[4] Weretilnyk E A,Hanson A D. Molecular cloning of a plant betainealde-
hyde dehydrogenase, an enzyme implicated in adaptation to salinity and
drought [J7. Proc. Natl., Acad. Sdi. ,1990,87 : 2745-2749,

[5] Goel D,Singh A K, Yadav V,et al. Overexpression of osmotin gene
confers tolerance to salt and drought stresses in transgenic tomato (Solanum
Iycopersicum L.) [J]. Protoplasma,2010,245(1-4) :133-141.

[6] Oishi H,Ebin M. Isolation of cDNA and enzymatic properties of betaine
aldehyde dehydrogenase from Zoysia tenui folia [J]. Journal of Plant Physiol,
2005,162:1077-1086.

[7] Gardiner J, Schroeder S, Polacco M L, et al. Anchoring 9 371 maize
expressed sequence tagged unigenes to the bacterial artificial chromosome
contig map by two-dimensional overgo hybridization [J]. Plant Physiol. ,
2004,134(4) :1317-1326.

[8] Kumar S, Dhingra A, Daniell H. Plastid-expressed betaine aldehyde
dehydrogenase gene in carrot cultured cells, roots,and leaves confers enhanced
salt tolerance [J]. Plant Physiol. ,2004,136 ;2843-2854.

[9] Trossat C,Rathinasabapathi B, Hanson A D. Transgenically expressed
betaine aldehyde dehydrogenase efficiently catalyzes oxidation of dimethylsul-
foniopropionaldehyde and [ omega ]-aminoaldehydes[J]. Plant Physiol, 1997,
113.1457-1461.

[10] Chen T H H,Murata N. Enhancement of tolerance of abiotic stress by
metabolic engineering of betaines and other compatible solutes[J]. Curr.
Opin. Plant Biol. ,2002,5:250-257.

[11] Zhang F L,Niu B, Wang Y C,et al. A novel betaine aldehyde dehydro
genase gene from Jatropha curcas,encoding an enzyme implicated in adaptation
to environmental stress [J]. Plant Sci. ,2008,174(5) :510-518.

[12] Nakamura T,Nomura M,Mori H,et al. An isozyme of betaine aldehyde
dehydrogenase in barley [J]. Plant Cell Physiol,2001,42(10) :1088-1092.

(ZXEEEBRAER, TIERURE—EE.)

Bioinformatics Analysis of Betaine Aldehyde Dehydrogenase in Plants

NONG Qing-yuan' , MAI Xiu-ying' ,ZHOU Hong' ,FENG Qian' ,CHEN Jin-song® , LIAO Hai' ,ZHOU Jia-yu'
(1. College of Life Science and Engineering,Southwest Jiaotong University,Chengdu,Sichuan 610031;2. Chengdu Institute of Biology,Chinese
Academy of Sciences,Chengdu,Sichuan 610041)

Abstract ; Bioinformatic methods were employed to analyze the amino acid sequences of Betaine Aldehyde Dehydrogenase
(BADH) from Genbank database,such as Beta vulgaris, Spinacia oleracea , Atriplex hortensis, Suaeda liaotungensis ,
Zea mays yetc. The results showed that BADHs were stable proteins. Ala and Glu were abundant in those BADHs.
Sequence alignment revealed that BADHs were highly homologous in different plants, and the residues involved with
function were very conservative. BADHs had been found to be targeted to different subcellular compartments. BADHs
could be used as genetic differentiation and an important basis for the study of molecular evolution. There was no signal
peptide in segmental plants. BADHs had no transmembrane structure and could be phosphorylated by protein kinase.
a-helix were the major structural element of polypeptide chain. Meanwhile, BADHs contained typical function domains of
ALDH. This study provided a theoretical basis for both the enzymatic mechanism of BADHs and the plant resistance to
environmental stress.

Key words: betaine aldehyde dehydrogenase;bioinformatics;GenBank;resistance to stress
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