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Abstract: In order to understand the factors contributing to postharvest deterioration of lettuce. the changes
in ammonia content as well as activity and gene expression of GS were investigated in the outer and inner
leaves of lettuce head during storage at 20°C. About two times higher ammonia content out of its initial content
wis found in the outer leaf portion after the end of 96 h storage period. GS activity in this portion declined to
about 27% of the initial level by 24 h of storage, while activity in the inner leaf portion almost unchanged
throughout the storage. To understand clearly these biochemical changes, a cDNA encoding G5 was isolated,
cloned and sequenced from lettuce leaves. The partial cDNA clone referred to as LsGS (Lactuca sativa
Glutamine Synthetase; AB440673) consisted of 799 nucleotides which showed more than 80% similarity for both
nucleotide and amino acid level with the GS genes of other dicotyledonous plant. Northern blot analysis
showed that the level of transcript of GS decreased in the outer-leaf portion after 24 h of storage which well
correlates with the enzyme activity of this portion. Although, we found no specific trend in GS activity in the
inner-leaf portion, the transcript level gradually increased until the end of storage period. The inconsistency
between enzyme activity and gene expression may sugeest that GS expression in lettuce is controlled by
multiple levels of regulations in a tissue-specific manner,
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INTRODUCTION

Vegetables that are harvested at immature stage
before cease their growth are subjected to considerable
stress due to sudden disruption in energy, nutrient and
hormone supplies (Huber, 1987). Consequently, many
physio-biochemical changes such as bleaching of green
color, deterioration of cellular structure and losses of
nutritional content are occurred revealing shorter shelf-life
of the produoce. In lettuce, a gradual decline in sugar
content along with overall quality deterioration has been
reported  during  storage at  ambient  temperature
(Suthumchai er al., 2006). This declining energy level,
especially in leafy vegetables like lettuce, favors a
preponderance of catabolism and the disappearance of
high molecular proteins (Schwerdtfeger, 1978). They are
proteolvtically split to low-molecular compounds like
amino acids and the accumulating amino acids are then
transformed to nitrogen-storage compounds  which
subsequently deaminated with the liberation of free
ammonia (Schwerdifeger, 1978). However, excessive
concentration of ammonia or AMMmMONIum 10Ns mMay cause
toxic effect to plant cells (Givan, 1979) thereby enhancing

quality deterioration in harvested leatv-green vegetables.
For this reason, it needs to be rapidly assimilated. Current
evidence indicates that ammonium assimilation is carried
out by the concerted action of two enzyvmes, Glutamine
Synthetase (G5) and glutamate synthase (GOGAT).
Glutamine synthetase (GS; E.C. 6.3.1.2) catalyzes the
conversion of inorganic nitrogen (ammonium) into organic
form (glutamine) and for that reason, is a good candidate
to be a critical and possibly rate-limiting enzyme in
ammonium assimilation (Oliveira ef al.,, 2002). One
particular important characteristic of GS is its high affinity
for ammonia and thus its ability to incorporate ammonia
efficiently into organic combination. Therefore, the
accumulation of ammonium in senescing leaves has
shown some promise coincided with the disappearance of
(S activity (Peeters and Van Laere, 1992). Treatment of
green asparagus with phosphinothricin (PPT), a potent
inhibitor of GS, results in a rapid accumulation of
ammonia in the spear tips and a reduction of shelf-life
(Hurst ef al., 1993),

GS activity in ammonium assimilation is fulfilled by
G5 isoforms  expressed in specific organ  and
developmental stages (Miflin and Habash, 2002). Besides
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the subcellular localization, two different classes of GS
have been reported, GGS, in the cytosol and GS, in the
chloroplasts. In the leaves of many plants, GS, is the
predominant isoform, where, it is located in mesophyll
photosynthetic cells, whereas G5, is generally less
abundant in photosynthetic cells and a predominant
isoform in roots and other non-photosynthetic tissues
(Ireland and Lea, 1999). The complete cDNAs of cytosolic
and choroplastic GS have also been isolated from many
plants including major crops (Cren and Hirel, 1999;
Ireland and Lea, 1999). GS, is encoded by a single nuclear
gene and its functional role is the assimilation of
ammonium derived from the reduction of nitrate and from
photorespiration (Lam er al., 1996). Cytosolic GS, on the
other hand. exists as a variable number of 1soforms which
are encoded by a small gene family and the physiological
role of individual genes are unclear. However, some report
indicated that GS, may be involved in a variety of
processes such as N recycling and translocation between
source and sink tissues as well as reassimilation of N
mobilized during senescence (Cren and Hirel, 1999).
Although, both the GS, and GS, cDNA clones have
become available from the vegetative parts of many mono
and dicotyledonous species, they have not been yet
isolated from lettuce. Hence, a partial cDNA encoding GS
was isolated, cloned and sequenced from lettuce leaf. The
objective of this study was to improve understanding of
(i8S activity and gene expression in the outer (green) and
inner (white) leaves of lettuce. The cDNA clone showed
high homology with other GS in the database and was
used as a probe for northern blot analysis of total GS
without separation of cytosolic and chloroplastic forms.

MATERIALS AND METHODS

Plant materials: lceberg lettuce heads (Lactuca sariva L.,
cv. Takii-242) were harvested from the Kagawa Prefectural
Agricultural Experiment Station, Busshouzan, Kagawa,
Japan on November 2007. Harvesting was done at
commercial maturity stage when the heads were well
formed and solid. The wrapper leaves were removed from
the harvested heads leaving the first tightly held leaf
attached. Then the heads were packed in a box with
crushed ice and immediately
laboratory and stored at 20°C in perforated plastic bag for
up to 4 days in dark condition. After each storage

transported to  the

treatment, heads were weighed and three outer green
leaves were separated from each head and designated as
outer-leaf portion. The next three white-green leaves were
not used and the following three white leaves were
collected as inner-leaf portion. Leaves were cut into small

pieces excluding the midrib portion and immediately kept
at -80°C until needed for GS and ammonia assay and for
total RNA extraction,

Enzyme extraction: Enzyme  extraction was done
following the procedure described by Hurst and Clark
(1993). Briefly, approximately 5 g lettuce sample from the
outer- and inner-leaf portion was homogenized with
1% polyvinylpolypyrrolidone (PVPP) proportional to
the sample weight, 1 g sea sand and 5 mL buffer A
solution using a cooled mortar and pestle. Buffer A
contained 50 mM Tris HCI (pH 7.6), 10 mM MgS0,.7H.O,
| mM EDTA, 1 mM dithiothreitol (DTT), 12 mM
2-mercaptoethanol, 5 mM L-glutamate and 100 mL glycerol
per liter. The homogenate was filtered through four layers
of cotton cloth. The residual tissues were re-extracted
with an additional 5 mL of the same buffer and the filtrate
was centrifuged at 11,000 x g at 2°C for 10 min. The
resulting supernatant was used for enzyme assay. All
the activities were carried out under ice cold condition
(0-4°C). All chemicals to prepare buffers and to conduct
other biochemical activities were purchased from Wako
Pure Chemical Industries Ltd., Japan unless stated
otherwise.

GS activity and ammonia assay: G5 activity was
measured using a double beam spectrophotometer (Model
UW-150-02, Shimadzu Corp., Kyoto, Japan) at 340 nm.
Along with the enzyme solution, the 1 mL assay mixture
contained 80 mM Na-L glutamate, 100 mM tricine-KOH
buffer (pH 7.0), 6 mM hydroxylammonium chloride
(HONH.CI), 20 mM MgS0,.7TH,0,1 mM diethylenetriamine
pentaacetic acid (DTPA), 8 mM ATP and 8 mM
mercaptoethanol. After incubating the assay mixture at
35°C for 8 min, | mL ferric chloride reagent that contains
0.37 M FeCl,, 0.67 N HCI and 0.2 M trichloroacetic acid
(TCAA) was added to the mixture to stop the reaction.
Soluble protein contents were determined following the
method of Lowry er al. (1951) using bovine serum albumin
as the standard.

To assess ammonia content, 2 g sample from each of
outer and inner leaves were extracted with 10%
trichloroacetic acid at 1:10 ratio (w/v) in an ice bath
(0-4°C) and centrifuged at 11,000 x g at 2°C for 10 min.
Ammonia content of supernatant was assayed in a
triplicate measurement as described by Kun and Kearney
(1974), where 1 mL assay mixture contained 200 pL. 0.5 M
Tris-HCI buffer (pH 8.0), 100 pL 0.1 M 2-oxoglutarate
solution (pH 7.4), 30 uL. 8 mM B-NADH solution, 20 uL
GIDH (10 mg mL "1 ), 150 pL distilled water and 500 pL. of
neutral extract sample. The decrease in NADH, as
determined by the change of extinction at 365 nm was
recorded against a reagent blank.,
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RNA isolation: Total RNA was isolated according to the
hot borate methods of Wan and Wilkins ( 1994) with few
modifications. Briefly, three gram frozen-leaf samples
(outer and inner leaf separately) were ground to fine
powder in liquid nitrogen and transferred to a 50 mlL
sterilized plastic tube followed by the addition of 10.5 mL
hot borate extraction buffer consisting of 0.2 M sodium
borate, 30 mM EGTA, 1% (w/v) Sodium Dodecyl Sulphate
(SDS), 1% (w/v) deoxycholic acid sodium salt, 10 mM
dithnothreitol (DTT), 19 (v/v) nomdet P-40 and 2%
PVP-40. Immediately after gentle vortexing, 315 pL
proteinase K (20 mg mL™") was added to the homogenate
and incubated at 42°C with gentle shaking for 1.5 h and
then 840 pL. 2 M KCIl was added and incubated in ice
for 1 h. After centrifugation at 12,000 x g at 4°C for 20 min,
the supernatant was collected and one third (of
supernatant) volume of cold 8 M LiCl was added and
incubated at 4°C for 16 h. The RNA was pelleted by
centrifugation at the same condition, washed twice with
5 mL cold 2 M LiCl by resuspension and centrifugation at
the same condition. Finally, the pellets were dissolved in
2 mL ol 10 mM Trs-HCI buffer (pH 7.5) and extracted with
100 pL of K-acetate (pH 5.5). After centrifugation, RNA
was  precipitated  with  100% cold ethanol and
incubated at -B0"C for overnight. RNA pellets were then
precipitated by centrifugation at 10,000 x g at 4°C for
30 min and washed with 70% cold ethanol. Finally, pellets
were dissolved  in  sterilized  distilled  water and
preserved at -80°C.

Amplification of poly (A") RNA by RT-PCR: The first
strand cDNA was synthesized from 5 pg of the total RNA
by reverse transcriptase with Oligo-(dT) primer following
the instructions of SUPERSCRIPT™ First Strand
Synthesis  System  for RT-PCR  (Invitrogen Life
Technologies, USA). The 25 pL. PCR mixture contained
| uL of the first strand cDNA reaction product, 1xPCR
buffer (TaKaRa Bio Inc.. Japan), 1.5 mM MgCl, (TaKaRa
Bio Inc, Japan), 0.2 mM each of dNTP (Roche, Germany),
I U Tag DNA polymerase (TaKaRa Bio Inc, Japan)
and 2 uM of each primer. The primers 35°-
TAYGATGGITCIAGY ACHGGICAAGC-3" (upstream ) and
ST-CCATGTTIGAAGCHGGICKBCKRTCYTC-37
(downstream) were designed and synthesized on the
basis of amino acid domains (YDGSSTGQA and
EDREPASNMD, respectively) conserved from various GS
genes in the database. The PCR procedure started with
4 min at 95°C followed by 30 cycles of 40 sec at 95°C,
40 sec at 55°C, 40 sec at 72°C and ended with 5 min at
72°C in a Program Temperature Control System (PC-700),
ASTEC, Japan). The PCE products were confirmed by
electrophoresis using 1% agarose gel stained with
ethidium bromide and visualized under UV light.
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Cloning and sequencing of ¢DNA: The amplified
cDNA was ligated 1o the plasmid pT7Blue vector
(Novagen Inc., USA) using DNA Ligation Kit v 2.1
(TaKaRa Bio. Inc.. Japan) and cloned into E. coli
(DH3¢ competent cell) (TaKaRa Bio. Inc., Japan).
Transformed colonies were screened from LB agar
containing X-gal, IPTG and ampicillin sodium. The
plasmid containing the cDNA clone was 1solated using
QLAprep® Spin Miniprep Kit (QIAGEN Sciences, USA).
The cloned ¢DNA was sequenced using BigDye®
Terminator v 3.1 Cycle Sequencing Kit (Applied
Biosystems, USA) and ABI 3100 Genetic Analyzer
(Applied Biosystems, USA).

Sequence data amalysis: Nucleotide sequence and
homology analysis were performed using computer
software BioEdit (Hall, 1999). Database search were
performed vsing the Basic Local Alignment Search Tool
(BLAST) in the National Center for Biotechnology
Information (NCBI) website. The radial phylogenetic tree
was constructed by using computer software BioEdit with
TreeView ver. 1.6.6 and EMBL-EBI/ ClustalW softwares.

Preparation of the dioxigenin-d UTP labeled PCR probe:
The DIG-labeled PCR probe was prepared following
the instructions of the PCR DIG Labeling Mix Kit
(Roche, Germany) using cloned GS cDNA as template.

Northern blot analysis: Ten microgram of total RNA in
each lane was subjected to electrophoresis on 1% agarose
gel (Type II: Medium EEO, Sigma, USA) containing
| xMOPS and 2% formaldehyde. RNA was visualized with
ethidium bromide under UV light to confirm equal
loading of RNA in each lane. RNA gel blot analysis was
performed following the instructions of ECL Direct
Nucleic Acid Labeling and Detection System ( Amersham
Biosciences, UK). Briefly, RNA was transferred 1o a
positively charged nylon membrane Hybond™ N* by
capillary action with 20xSSC for overnight. The RNA was
fixed to the membrane by baking at 80°C for 2 h. The
membrane was prehybridized at 47°C with 3xSSPE,
SxDenhardt’s  solution, formamide, 0.5% SDS and
I mg mL " denatured salmon sperm DNA. Hybridization
was performed with the same condition and buffer using
the gene specific DIG labeled PCR probe for about 21 h.
The blot was washed twice with 2xSSPE containing 0.1%
SDS for 10 min at room temperature, then at 65°C with
| xSSPE containing (0.1% SDS for 15 min and finally with
(.1xSSPE containing 0.1% SDS at 65°C for 10 min. For
anti-DIG antibody conjugation, the blot was also washed
with maleic acid buffer with polyoxyethylene sorbitan
monolaurate  (Tween 20) and then with 10% blocking
reagent in maleic acid buffer for 30 min. Subsequently, the
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membrane was incubated in blocking buffer with Anti-
DIG-AP (Roche, Germany) for 30 min. Hybridization
signals were detected by color reaction using 5-bromo-4-
chloro-3-indolyl-phosphate  (BCIP) and  4-nitroblue-
tetrazolium chloride (NBT) (Roche, Germany) as the
substrate.

Gene bank accession number: The isolated nucleotide
sequence of partial ¢cDNA was submitted to the
DDBJ/EMBL/GeneBank nucleotide sequence database
and was designated as Ls(GS with the accession number
AB440673.

RESULTS

Glutamine synthetase activity: Figure la shows GS
activity in the outer and inner leaf portions of lettuce head
during storage at 20°C. In the outer leaf portion, GS
activity declined to about 27% to its initial level by 24 h of
storage and after that almost unchanged with a slight
increase at 96 h of storage. However, GS activity in the
inner leaf portion did not show any consistent trend
except for a slight increase at the end of storage. Higher
(S activity was found in the outer leaf portion than in the
inner leaf portion.

Ammonia content: A gradual increase in ammonia content
was observed after 24 and 48 h of harvest in the outer
and inner leaf portions, respectively (Fig. 2). At the end of
96 h storage period, the increase in ammonia contents
were accounted for about two and one and half times to
their initial level in the outer and inner leaf portion,
respectively.,

Isolation and identification of cDNA clone: The isolated
cDNA  clone termed as LsGS (Lactuca sativa
Glutamine Synthetase; AB440673) 1s a partial clone
consisted of 799 nucleotides (Fig. 3, 4) and the deduced
amino acid sequence was highly homologous to the
amino acid sequences of other plants in the database
(Fig. 5). It showed the highest identity at nucleotide level
with Raphanus sativus (83.6%) and at least 81% identity
with  Lycopersicon  esculentum, Medicago  sariva,
Brassica rapa, Solanum tuberosum, Cucumis melo and
Pisum sativum (Table 1). At deduced amino acid level,
LsGS showed the highest similarity with Lyvcopersicon
esculentum (93.2%) followed by Medicago sativa (92.1%).

The radial phylogenetic tree generated from the
alignment of the deduced amino acid sequences showed
that Ls(GGS from Lactuca safiva (AB440673) clustered
separately under the subgroup that contained GS, of
2. mays (X65931) and (. sativa (X14246), having closest
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Fig. 1: Changes in glutamine synthetase activity and
expression of LsGS gene in the outer and inner leaf
of lettuce head. (a) Changes in glutamine
synthetase activity. Each point represents the
mean of three replicates and bars show SE. (b)
Northern blot analysis for glutamine synthetase
gene. Equal loading of RNA was confirmed by
staining a gel with ethidium bromide

relationships with GS, and GS, genes from R. sativus
(D25326) and B. rapa (EU239243), respectively (Fig. 6).

(S gene expression: The partial clone LsGS was used as
a probe for northern blot analysis to determine the level of
transcripts for GS. The level of transcript for GS declined
after 24 h of harvest in the outer leaf portion (Fig. 1b) and
correlated well with enzyme activity in this portion
(Fig. la). After that transcript level slightly increased at
the end of storage. Although, much lower activity was
found in inner leaf portion showing no consistent trend of
changes, the transcript level gradually increased until the
96 h storage period.
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Fig. 2: Ammonia content in the outer and inner leaves of
lettuce head during storage at 20°C. Each point
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Fig. 3: Estimated length of LsGS RT-PCR product. Lane
1: PCR product of GS using only upstream primer;
Lane 2: PCE product of GS using only downstream
primer; Lane 3: PCR product of GS using both
upstream and downstream primer and Lane 4:

Standard Hind I1I-EcoR1 digested A-DNA

DISCUSSION

Like many other green vegetables, iceberg lettuce is
harvested at immature stage and subjected to sudden
disruption in carbohydrate, nutrient and growth regulator
supplies (Huber, 1987; King et al., 1990). Storage of
the harvested head i1s some times necessary to ensure a
continuous supply of this produce for the consumers.
However, storage life is greatly influenced by many
physio-biochemical activities associated with senescence
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Table 1; Percentage of nucleic acid and deduced amino acid identity
between glutamine synthetase from lettuce and other plant species
in the database

Acoession Nucleic acid Amino acid

Plants No, (%) (%)

Raphanus sativis D25326 836 82.3

Lycopersicon esculentum  BTO13265 831 93.2

Medicagn sativa AF124244 Bl6 L

Brassica rapa ELI239243 82.3 0.2

Sofomum fube rosum AFIDZI13 El.8 91.3

Crcunids melo AY TG00 BB R IR

Pisum sativiem M 20664 El.8 BOE

Spinacia oleracea EFI143582 80.9 .2

Gelveine max AF353620 80,7 91.3

Beta vulgaris AYD26353 80.4 91.3

Lea mavs X65931 79.2 504

Cdrvza sariva X 14246 8.5 894

Loctuea setiva (AB440673) is calculated as 1005

and quality deterioration. Among them the depletion of
carbon sources and the accumulation of ammonia
which occurred by some enzymatic actions has been
reported by Enriquez et al. (2001), Matsui ef al. (2004)
and Pramanik et al. (2005). In this study, we also observed
an increase in ammonia content during storage of lettuce
at 20°C (Fig. 2), The higher accumulation of ammonia was
observed in the outer leaf portion compared with inner
leal portion, GS activity, on the other hand, was markedly
distinguishable between these two portions; the former
did not show any remarkable change, while a considerable
decrease was observed in the later (Fig. 1a). The decrease
in GS activity in the outer leaf portion might be the reason
for the higher accumulation of ammonia. It was also
reported that the accumulation of ammonia in senescing
leaves has been shown to coincide with almost complete
disappearance of GS (Peeters and Van Laere, 1992). It
appeared that senescence occurred rapidly in the outer
leaves of the lettuce head. However, we found different
expression pattern of GS gene in these two types of
tissues. Although, the transcript of LsGS was well
correlated with the enzyme activity in the outer leaf
portion, the transcript level in the inner leaf portion
increased gradually during storage (Fig. 1). This
inconsistency  between enzyme activity and gene
expression might be due to the multiple levels of
regulatory mechanism of GS as observed in leaves of
Phaseolus vulgaris (Cock er al., 1991) and/or encoded
with other distinct isoforms of GS genes as well as
expressed in a tissue-specific manner (Ochs ef al., 1999),
Although, two isoforms of GS gene have been reported in
many plant species, Hirel et al. (1982) reported that
spinach leat contain only GS. (chloroplastic), whereas
other C, plants like rice, pea and barley showed a minor
G5, component which contribute only up to 20% of the
total GS enzyme activity (McNally er al., 1983). Therefore,
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1 A CCR GGA GAA GAC AGT GAAR GTT ATC TTA TAC CCT CAG GCG ATC TIT 46
1 G E D & E ¥ I ¥ P QO A I F 15
>
47 AMG GAC CCT TTC CGT GGT GEC AAC AAC ATC TTG GTA ATC TGT GAT 91
16 E [ P F E ] z ki M I L W I o ] a0
92 ACA TAC ACT CCA CAR GGA GTT CCT ATC CCT ACA RBAC ARA CGT GCA 136
11 T ¥ T P §© G % P 1 P T HN K R & 45
137 ARG GCT GCT GAG ATT TTC AGT GAT CCT ARA GTT GTA GCA CAR GTT 181
16 K A A E I F S5 D P K ¥V ¥V A 0O V &0
182  ©OC TGG TTT GGA ATT GAG CAA GAG TAC ACT TTG CTT CAA CAML GAT 228
&1 P W F &6 I E © E ¥ T L L 0 © D 75
227 QTG AAG TGGE CCT TTG GGT TEG CCT GTT GGA GGG TAC CCT GGT CCT 271
Th W K W E L z W E v G G b B z E an
272 CAG GGT CCA TAC TAC TGT GGT GCG GGG GCA GAT RAG TCA TTT GGA 316
9] g 6 P Y ¥ C B A G A D K 5 F G 105
317  AGG GAC ATA TCT GAT GCA CAT TAC AAG GOT TGT TTA TAC GCOT GGA 36l
106 R 0D I § D & H Y K A C L Y & & 120
162 ATC BAC ATC AGT GGR ACC ART GGET GAA GTC ATG CCA GGA CAG TGS 406
121 I W I 5§ 6 T M G E ¥ M P G QO W 135
407  GAAL TTC CAA GIG GGT CCC AGC GTT GGA ATC GAR GOU GGT GAC CAT 451
136 E F § VvV & P 5 ¥V © I E A G D H 150
452  ATC TGS TGT GOC CGA TAC CTC CTT GAG AGA ATT ACT GRA CARA GCT 496
151 1 W - A ] T L L E F I T E o A 165
497  GGT GTT GTT TTG ACA CTT GAC CCT AAG CCA ATT GAG GGA GAC TGG 541
165 5 ¥ ¥ L T L O P K P I E G D W 180
42 ART GGR GCR GGA TGO CAC ACT ARC TAC RAGT ACA TTA AGC ATG AGH 286
181 M & A G C H T WM Y 85 T L 5 M R 195
587 GAML GAA GGT GGA TTT GAA GTA ATC AMR GAG GCOG ATT CTG AAC CTT 631
196 E E G & F E ¥ I ¥ E A I L N L 210
§32 TCC CTT CGC CAC GCA GAC CAC ATC AGT GCT TAC GGT GAA GGA BAT 676
211 5 L R H A D H I 5 A ¥ & E G N 225
677 GAR AGA AGA TTG ACA GGA ARA CAC GRA ACT GCC AGC ATC AAC ACA 721
226 E R R L T G K H E T A 5 I W T 240
722 TIT TCA TGG GGT GTT GCT AARC CGT GGT TGC TCC ATC COGT GIG GGG 766
241 F § W 6 ¥V & N E G C 5 I R ¥V & 255
7687 CGET GAC ACT GRG BAG GCA GGC AAR GGT TAT TTG 7949
25 R D T E K A G QK __G Y L

Fig. 4: Nucleotide and deduced amino acid sequences of the cDNA clone correspond to Ls(:S. The predicted amino acid
sequence is given in single-letter code for each amino acid. The arrows indicate the positions of degenerated
primers (sense *, anti-sense <) used for RT-PCR. Numbering refers to total nucleotide (upper) and amino acid

(lower) residues on each line

apart from the separate determination and isolation of GS,
and GS,. it may likely that inner leaf portion contain
very low GS, which is largely contributing in the total
GS activity in the measurement. Present results are in
agreement with the findings of Brugiere er al. (2000) who
found that chloroplastic GS gene expression and/or
protein content decrease in phloem companion cells,
whereas cytosolic GS gene expression and protein
increase or remain stable in the mesophyll cytosol in
tobacco leaves.

225

The isolated 799 bp partial cDNA clone LsGS showed
high homology both at nucleotide and amino acid level
(Table 1, Fig. 5) with the GS genes of other plants in the
database. A radial phylogenetic analysis of GS sequences
(Fig. 6) revealed that lettuce GS clustered separately under
the subgroup consisting of Z. mays and O. sativa and was
closer to R. sativus and B. rapa which showed more than
82% identity both for nucleotide and amino acid (Table 1).
Lettuce was the only plant in the phylogenetic tree
that came from Asteraceae family. The reason for not
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I SEFYEHP SE LPEWHNY DGSS TGQAP GEDSEY ILYPQA I FEDP FEGGHMN ILY ICDAYTPOQGEF I P THEKEHKAAE I FANP EVEAE IFRY GIEQEY TLLOTRY
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EWPLGWP VGGYPGROQGPYY COAGADESFGRD I A0 AHY EAC LY A G NI
KEWEYGEWP IGGPPGROGPYY CAVGADESFGRD IV AHY EAC LY A G NI
OWPLGWP VGGPPGPOGPYY CGVGADKAFGRD I VP ARY EAC YA G] NI
MWPLGWP VOGFPGPOGPYY CAVOADKESFORD 1 AP AHYEACLYAG]T NI
EWPLGWP VOAYPGPOQGPYY COVOADKESFOGROVEADANYEACLYAG] NI
MWPLGWP VOGYPGPOGPYY COAGYEESFORD I AP AHYEACLYAG]T NI
KWPLGWP VOGGYPGPOGRYY CAAGADESFGRD I 3D AHYEACLYAG]T NI

L T N e L N L R

SGTNGEVMPGOWEFOQVGE SVG TEAGDH IWCARYLLER I TEQAGYVLTLOFKFR I
SGINGEVMPGOWEFOQVGE SVG ISAADEYVWIARY [LERITE [AGYVVYSFOFKFP I
SGINGEYMPGOWEFOQVGE SVG ISAGDE (WAALRY ILERITE [AGYVYEFDFKF I
SOTHGEVMPGOWEYQVGP SVG IEAGDH [WISEY ILER I TEQAGVYVLTLODFKF I
SOTHGEYMPGOWEFQVGP SVG I EAGDHYWCARYL LER ITEQIGVYVHMTLDFEF I
SOTHGEYMPGOWEFQVGP SVG IEGGDH (WCARYLLER ITEQAGYVVLELDFEF I
SOTHGEYMPGOWE YOQVGP SVG IEAGDH IWASEY ILER ITEQAGYVLTLDFKF I

L L R I R TR BE . kR

EGDWNGAGCHTNY S TLEAMREEGGFEVIKEAILNL SLEHADHI SAY GEGRERRL TGEHETAS INTFEWGVANRGCE IRV GRDTEE AGEGYL - .

PGDI\G&G&HTH?ST[EHREEGG?EI][HhID[LELHH[EHIEﬁ?GEEHEIILTGHHEThD]HTFEWG¥hHHGkﬂIEHEIDTEEEGKGTFEDIEPHSHHD
KODWNOGAGAHTNY S TESMEEDGGYE VIEAA IDKEL CEEHEE HI A AY GECONEERLTOREHETADINTFLWOGY ANROASYREY OEDTEEK AGEGY FEDE RP A3 NMD
QUDWNGAGCHTNY S TRTMEEDGGFEETERA ILNL SLAHDPL HI SAY GEGNERRLTUEHETAS IGT FAWOGY ANROGC S IRYUGEDPTEARGEGYL EDE RP ASNMD
EGOWNGAGUHTNY S TRTMEEEGGFE VIERA ILNLSLEHEDHI SAY GEGNERERLTUEHE TADINT FAWOGY AMROGC S IRYUEDPTEREGREGYL EDE RP A5 NMD
EGOWNGAGCHTNY S TLS IREEGGFEVIEKA ILNLSLRHEGHI SAY GEGNEERLTUGEHETASIDQFSWOVANRGCS [RYGEYTERKEARGYL EDE RP ASNMD
EGOWNGAGUHTNY S TESMEEDGGFE VIEKA TLNLSLRHEVHIEAY GEGNEERLTUEHE TASINTFAWUVANROGOS IRV GEDTERNGEGYL EDFE RP ASNMD

the deduced amino acid sequences for GS from Lactuca
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sativa (AB440673),

Raphanus sativus (D25326), Glycine max (AF353620), Zea mayvs (X63931), Spinacia oleracea (EF143582),
Solanum tuberosum (AF302113) and Medicago sativa (AF124244) by mult alignment. The amino acid

residues are numbered at
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Fig. 6: Radial phylogenetic tree of the alignment of LsGS

deduced amino acid sequence with other GS amino
sequences in the
sequences were aligned using UPGMA  and
phvlogenetic tree was conducted using software
BioEdit (Hall, 1999) with Tree View ver. 1.6.6 and
EMBL-EBI / ClustalW softwares

acid database. Amino acid
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the beginning and end of the sequences on each line. Dashes in amino acid
gaps introduced to maximize alignment of the polypeptides. Below the amino acid
conserved residues are indicated by asterisks while conservative substitutions are indicated by

considering other plants belonged to the same family
with lettuce was that few commercially
important plants of Asteraceae family were characterized
for GS gene. However, as a dicotyledonous plant, lettuce
G5 showed more than 80% identity both for nucleotide
and amino acid level with all other dicotyledonous plant
in this analysis. In conclusion, the increase in ammonia
content and decrease in total GS activity in the outer
leaves of lettuce was a response to stress imposed by
and  storage temperature.
Regulation of this enzyme activity during storage would
be an important aspect to  delay the ammonia
accumulation  and/or quality  deterioration of  this
perishable produce. The results may provide some
basic information for further comprehensive molecular
studies in the regulation of GS in lettuce. It would be
worthwhile to sequence whole G5 genes separately
GS, and GS,
differential gene expression during postharvest stages of
lettuce.

very

harvest at  elevated

for as  well as to determine their
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