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ABSTRACT Soil salinity is one of the most serious abiotic stresses limiting the productivity of agricultural crops. To
cope with salt stress, plants respond with physiological, developmental and biochemical changes, including the
synthesis of a number of proteins and the induction of gene expression. Salicornia herbacea is a halophytic plant
that grows in salt marshes and on muddy seashores. In order to understand the biochemical and molecular
mechanisms of salt tolerance in S. herbacea, we isolated several genes that involved in the salt tolerance by mRNA
differential display. Here we report the cloning of a cDNA encoding fructose-1, 6-bisphosphate aldolase, named
ShADL, which is 1293 bp long and contains an open reading frame consisted of 359 amino acids with calculated
molecular mass of 39 kDa. ShADL protein showed 86% identity with Arabidopsis and 78% with aldolase of
common ice plant. Northemn blot analysis revealed that the transcript of ShADL gene was increased dramatically
depending on the NaCl concentrations.
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RNAZ differential display 43S 48} th Differential dis-
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USA)9} Uni-ZAP XR vector® AME-3le] 2.8 x10° pfu/uL 2]
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Yeast spot assay
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ok 98 100 M3} 300 mM 9] NaClg #H71e A9 A%
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o] A7t &N & FEEitE AASEE A
IAVEA] 9 RS AEEglen, 2R A BErt o}
= 2o FZHUT (Figure 1).
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FR-ZYE] RNAE FE3814 differential display 232 3}
SHon, olF Fa W] o]zt vz 12719 DNA T
HES dRt) o]S DNAE probeE 3l Northern #4188t
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Figure 1. Effect of NaCl on growth of S. herbacea. Seeds of .
herbacea were grown in vermiculite for 3 weeks and then transferred
to an aerated hydrophonic system in Hoagland’s nutrients in a
growth chamber under fluorescent light on a 16 h photoperiod. Fresh
culture medium was supplied every 3 days. For salt treatment plants
were grown for 15 days in medium with 0.1, 0.3, 0.5, and 0.7 M
NaCl, respectively. Plants grown without NaCl were used as a
control.
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o] 7hAdle Sho412 o71A Y TPEe] v &
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Figure 2. Northern blot analysis of S. herbacea genes obtained by
differential display. Fifteen micrograms of total RNA were separated
in a 1.2% formaldehyde agarose gel, blotted onto a Hybond N* nylon
membrane, and hybridized with *P-labeled DNA.
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A €S NCBIYIA A8l blastp T2 1YL o] &3l &
25 duiEe] ojm it MEI {FAAE HES AH
(Altschul et al. 1990), o} 71&) 2] putative fructose-1,6-
bisphosphate aldolase (NP_194383) %} 71 &2 86%2] §-AH4]
< H$ 7, commom ice plant (T12416)9} 2 (P08440)¢)
A EA o aldolase = 742t 78% 9 75%2] SAMAIS H
Aek 5B AEd Feiet 48A Fee 7 S/
aldolase7} £ 3}+=4] (Lebherz et al. 1984), H| XA ] EA)j3}=
aldolase 2ta: Zg oA o] FEEHE FAAE 4
&7F #E5EA HY AEHE S ATt ATPE AAlskes
83 Agg = ALE A At (Russell et al. 1990;
Mujer et al. 1993; Andrews et al. 1994; Umeda and Uchimiya
1994). @A) EA3l= aldolase= BHAI 9] B4 B9 2
(Calvin cycle)9} & A3HAdol #oj3le] GAPS} DHAPZRE
FBPS] 342 Zolalv), Ro] sjale] walo] 28HE oz
BIHAT (Kagaya et al. 1995). T3 aldolasels Zujjuk2-o]
717l whe} class 13 12 Vol =), class 1 7123}
Schiff base & 3413} class 19 A$e o) 9-&d) 271
FEolRE AT Pk ITAEH 52/, TF 1L &
Z59] gelgol= class T Helel aldolase¥hS 7FX 2 QlA)gt,
w80l -9 WS class [ aldolase TH&- 7HA 3L ek
(Schnarrenberger et al. 1992). T#u} v133A 2/ FAFHo
2 o9 DA class 13} 11 G 78 B2 % 1R o 7
AT Je AL7t Yok (Grosset al. 1994). 6] = class2] aldolase
& §Age) A9 glomz T £Fe) S¥ vud s1E
ojale] dsshE AoR FZHFErh (Marsh and Lebherz 1992).
E2ult] 9] aldolaser ThE T E21E-9] aldolase s} wlz7HA 2
71243} Schiff baseE 4] 8}= Lys-2259F 1 59 9] ofninit
o] & BZE5o] ATt (Kelly and Tolan 1986). S42
aldolase 2] 52WHA] ofw| Al A71Ux} 142HA] ojujAke)

A2 fructose-1, 6-bisphosphate aldolase 2] C1 Q14 1E3} 11
23 103A9] 2 C6 AT EFR 43 A3k Ao

Table 1. Sequence characteristics of cDNA detected by differential
display in S. herbacea.

Accession
Gene name Best homology number

<Up-regulated>

Shi41 Mouse virion-associated nuclear - AY012159
shuttling protein

Shil44 Arabidopsis senescence associ- T02338
ated protein

Sh321 Ice plant methionine adenosyl- U79767
transferase

Sh322 Rice putative uridine kinase AALS87159

Sh791 Pea fructose-1, 6-biphosphate al-  X89828
dolase

<Down-regulated>

Sh541 Arabidopsis hypothetical protein  B86304

B 5=l (Kelly and Tolan 1986) SEwti| AT o5 o}n)
LAHEo] & HEFNS ok 187, EE aldolase?] C-
terminal®] vk = ofw] iz Ak2- tyrosine©) 1T} (Figure 3).
ShADLE M| XA ZA 5= aldolase = 75% olAre] {AL
d& B gHA, Al X9 FEA ] EAsh= aldolase (CAA47
293)9l= 45%F AL 2ttt o] A= aldolase?] A%,
22 AE9 aldolasedA e A EA WA EAjsts A
7F G2 AR o] Ythe FE YAl

S5 Alsdell EAlske ARALD +7149] copy TE &
137 A8kl Southern #4& FP3lHch FERITERH
2% genomic DNAE ShALDS cDNAE A2#] Bale=
BamHl, EcoRV, Xbal?] A 7}A] &A% Aws o A7dE
Bl A%k A}, 7} AT a4 laned] F 70A 9] band7t AE
At Fgure 4). Wb SRADL §-AAE= Alsol T 79
copy® ZA) = AT FAHECH AFA aldolased] 7% A
EAd| &ER)5l= aldolased} FEA|) ZA)51= aldolased] &
A o] 54% o} Z}zhe] genomic patterno] T2 AOF Ho}
AEZZR AEA aldolases ME TE FAe] A &
339ty BIE YT (Pelzer-Reith et al. 1993). 18jng &

shaDL ~ ------ MSAFVGKYADEL IKTAKY! 19
ATADL  mmmmmm o e s e e e s 19
MCADL  mmmmeemmmeeee LTOYR. L. LANCALL 19
ZmADL e LYCKLLUNGALL 19
SPADL MASASLLKTSPVLDNPEFLKGGTLR | PSVAGVRFTPSGSSSLTVRASS. . . . . V....TV 80
ShADL ATPGKG | LAADESTGT | GKRLAS | NVENVE SNRQTLRELLFTSPGALPFLSGVILFEETL. 79
AtADL B Foovaons L. Ao, TECoovveent 79
MCADL Goveii s F.G....o.... RA....... T.VAY. oL 79
ZmADL T Seeiiian. E.LRA...... CC....O¥ . iene... 79
SPADL S..R....M...NAC.......GL..T.A . AY.T..ISA .LGOYV..A....... 120
ShADL YOKTSQGKPFAQLLQENGY | PG I KVDKGVVELSGTNGETTTOGFDSLGARCOEYYKAGAR 139
AtADL L TDLLVES ML DAL P 139
McADL S AALLLLVEVLKLGN L L AL . L.G....AQ..A.... 139
ZmADL oo KD....VOV.K.G..L........TILVW..DK......H.D. .K..AK. .E.... 139
SpADL L S.TD..KMVDV. 1.Q. IV........WLP.P.SND. SWC..L. G.AC. SAA..QC... 180
ShADL FAKWRAVLK | GPTEPSELS | QUNAGGLARYA | CQENGLVP | VEPEVLTDGNHD IKKCAA 199
AADL L.l Aeoaiin. B Kt S 199
MCADL el P.ALE..N........... ~....L.V..P...DR..E 199
ZmADL ..ol N @ADL ..o 1.V..P...DR..Y 193
SPADL s ... T.VS.-.NG..A. AVKEA.W..... A.T.D...D..L...IM...E.G.DRTFR 239
ShADL VTETVHAACYKALNDOHVLLEGTLLKPNMYTPGSDSP-KVAAEV | AEYTVTALRRTVPPA 258
AtADL 258
McADL 258
ZmADL . 258
SpADL . AQG. W. EVFFN. AENN. . . R-DP... S.. G.. AL. AR. GPP. QV. D. PLKL. H. RRGPY 298
ShaDL VPG VFLSGGOSEEEATVNLNAMIKLEVLKPWTLSF SFGRALOOSTLKTWGGKKENLSKA 318
AtADL 318
MCADL 318
ZmADL. 318
SpADL 356
ShaDL QSVFLVRCKANSEATLGKYVAAGNSDNGAASESLFOKD-YKY 359

AtADL LAT..T...G..D......TGGASG.S-...... YEEG-. .. 358

MCADL CALLLAAG ... ... Q- GAGGAD. .. .. HY..-... 357

ZmADL RAA. LA .......... T.K--.DA--A.DT...HV..-... 355

SPADL D---FAC-.S..L.Q....T--. EGESEERKKDM. V. ATLT. 393

Figure 3. Amino acid sequence alignment of ShADL (Genbank
accession number AY494598) with aldolases from Arabidopsis
(AtADL, AAN72017), common ice plant (McADL, AAB61592),
corn (ZmADL, AAA33435), and spinach (SpADL, CAA47293).
The boxed sequence indicates aldolase class 1 active site. Gaps are
marked by dash. Identical residues with ShADL are replaced by
dots.
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Figure 4. Genomic Southern blot analysis of S#ADL. Genomic
DNA (5 ug) digested with BamHI, EcoRV, or Xbal were separated
by electrophoresis in a 1.0% agarose gel. The gel was blotted onto a
Hybond N* nylon membrane, and hybridized with *p_labeled DNA.

L
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Figure 5. Complementation of the calcineurin mutant by ShADL in
yeast. The ShADL gene was introduced into calcineurin mutant
(YP9) cells, and the complementation of transformed cells were
examined in the presence of different ions. The transformed cells
were grown in the standard synthetic media lacking uracil overnight
at 30°C. The overnight cultures were serially diluted and grown on
YPG plates containing no salt, 0.8 M NaCl, 1 M KCl, 50 mM LiCl,
and 1 M mannitol, respectively.
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