HYREEIE 2016, 34(4) . 583~592
Plant Science Journal http . /www.plantscience.cn

DOI.10. 11913/PSJ. 2095-0837. 2016. 40583

EPE, BEHE, Bivck, R, KE, T HE RN RN B R R B se b SRR T[] AHRLESR, 2016, 34(4) : 583-592
Li XD, Wei CH, Shao HH, Wu Yan, Zhang YZ, Wang HY. Isolation of two genes encoding nonspecific lipid transfer protein and their
expression profiles in lpomoea batatas[ J]. Plant Science Journal, 2016, 34(4) . 583-592

HEEEHREEREBERERTESRIESH

= | M- y N ek
ZEF BB, BRR, R &, KXE, TER
R B, DN T A M B e A T 5005, A 610064)

# OE. JERRRIE IR A (nsLTP) S A ) A i A AE 10— 2580 K Z Al S B i AT R 1, O T I H 2
R RE R N BT AR SR IDLTPT Al IbLTP2 YEER A S N i DI fE, ABF5Ei8  PCR HAR, Xt IbLTPT i
IbLTP2 JEHMAT T 3ube, @it W fE B 0rik it TIF AN . AR ST MM ARG CR; FIH
qRT-PCR J5 i I T 3 P A3k R 2R AS [ 2 rp ) SR ab A 5 DL e b 3l 26 N aRE 22 55 4% IbLTP1 F1 IbLTP2
JE DR o e B K A T 4 SRR A 3R pET32a Y, X EE4 T BL21( pET32a-LTP) Wit Eh kit f5 404, 55140
FKW. IbLTP1 F IbLTP2 i XA & N & F I EASE AR . IbLTPT A IbLTP2 B:PR W25 H B 41 43 A 4%
114 A1 94 NEIEBRFL A HA S O AR, EAFF N SSTAFESIKFES, RSr2s R 5 tb /i 4 5
M. IbLTP1 1 IbLTP2 $& 4 nsLTP & H AT 455, IbLTP1 J& T Type I 1 IbLTP2 J& T Type I, it
WHE R PCR /TR . IbLTPT et h kb i s, M aRBRIRAL; M IbLTP2 fE2srh Rk s, A
MR ERAK, 75 NaCl A 4&4F R, IbLTP1 Fl IbLTP2 Feik B Ae R vh A TCAR L i e 22 rp B8, KImhr
W BL21(DE3) 53Rk IbLTP1 F1 IbLTP2 55 X G5 £ 5 5% JL (W MR X NaCl it 5z 44, BRI, A B o 4kl
IbLTP1 Fl IbLTP2 X Rl R e H R a8 R o & ¥ TVEH .

KR HE, EFEFWHIRREBEEN; Sihg, RETRE,; RFEEL;, TRPOLEE PCR

FESES. QI943.2 XERARIRED . A XEHS: 2095-0837(2016)04-0583-10

Isolation of Two Genes Encoding Nonspecific Lipid Transfer
Protein and Their Expression Profiles in Ipomoea batatas
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Abstract. Nonspecific lipid transfer proteins (nsLTPs) are widely distributed in the plant
kingdom and are involved in various stress responses. To clarify the function of nsLTP genes,
IbLTP1 and IbLTP2 were cloned by PCR technology, and the sequence structures, conserved
domains, and evolutionary relationships were analyzed. Sequences of cDNAs and genomic
genes showed that neither gene had introns, but both had several homologous isoforms.
IbLTP1 and IbLTP2 encode proteins of 114 and 94 amino acid residues respectively, without
any Trp. These proteins contain a signal peptide at the N-terminal and have conserved
domains of nsLTP1 and nsLTP2, respectively. The expression patterns and expression
differences of IbLTP1 and IbLTPZ2 in different tissues and under stress were determined by
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real-time RT-PCR. Results showed that /bLTP1 and IbLTP2 had higher relative expression
levels in young leaves and stems, respectively, and were highly induced under sodium
chloride (NaCl) stress. The coding sequences of [bLTP1 and IbLTP2 were cloned into
expression vector pET32a and expressed in Escherichia coli BL21 (DE3), respectively. The
maximal ODg,, values of strains harboring pET32a-IbLTP1 and pET32a-IbLTP2 were higher
than those of the pET32a transformed strain under NaCl stress.

Key words: /pomoea batatas; Nonspecific lipid transfer protein (nsLTP); Sodium chloride
stress; Gene cloning; Gene expression; Real-time RT-PCR

Plants are constantly subjected to various
abiotic stresses such as drought, flood, alkalinity,
heavy metal toxicity, high salinity, and extreme
temperatures throughout their life. In response to
these abiotic stresses, plants often express
numerous genes related to stress adaptation or
tolerance to better adapt to the environments in
which they grow.

Plant

(nsLTPs) account for about 4% of total soluble

nonspecific lipid transfer proteins
protein content in higher plants'”, and are
named due to their ability to promote the transfer
of phospholipids between liposomes in vitro and
broad substrate specificity. They are usually
small, basic proteins, divided into two classes
according to their molecular weights: that is 9 kD
(Type 1) and 7 kD (Type 1), All nsLTPs
contain a signal peptide so that the mature
protein can be transported to the outside of the
cytoplasm. The signal peptides in Type 1 and
Type I contain 21 —27 and 27 — 35 amino acids,

4" Recently, however, additional

5,6]

respectively
types have been reported!

The nsLTP is comprised of four alpha-helices
formed by eight conserved cysteine residues.
The 3D structure of the nsLTP family in plants
comprises a globular molecule stabilized by four
disulfide bonds linking the helices to each other.
Furthermore, nsLTPs, seed storage proteins,
and trypsin-alpha amylase inhibitors have the
same structural domains and superhelical,
disulphide-stabilized four-helix bundle. The four

disulfide bonds are formed by eight cysteine resi-

dues (8 CM), C-Xn-C-Xn-CC-Xn-CXC-Xn-C-Xn-
C, where X is any amino acid and n is any num-
ber of amino acids. Based on the disulphide
bridges, nsLTPs can be divided into two types.
In Type I, the cysteine residues 1 -6, 2 - 3,
4-7, and 5 — 8 form disulphide bridges'”,
whereas in Type II, the cysteine residues 1 -5,
2-3,4 -7, and 6 — 8 form disulphide brid-
ges'®’. The cavities formed by hydrophobic ami-
no acids for lipid binding are different between
Type I and Type II. Type II has lower lipid
specificity, and the cavity of Type Il is more fle-
xible than that of Type 1.

Lipids play an important role in plant signa-
ling. Many hormones such as the phytosterols
(derived from sterol) and jasmonates are consi-
dered lipids. These hormones are involved in
different metabolic pathways, including defense
response, programmed cell death, and germina-
tion. nsLTPs play an important role in plant

responses to abiotic stresses'®’ such as cold""® |

"1 salinity!®" and oxidation' ™’ as well

drought*
as biotic stresses such as bacterial and fungal
pathogens'™!. The expression levels of nsLTPs
often change when a plant is subjected to abiotic
and biotic stresses. In addition, nsLTPs are relat-

ed to surface cutin biosynthesis' "

[16].

, signal trans-

duction, and male sterility Beyond that,
nsLTPs in many plants, such as those in tomato
seeds, are regarded as allergens''!. In conclu-
sion, lipid transfer proteins are widely present in
plants, but their functions have not yet been ac-

curately elucidated.



54

FEPIE . HEARRE SR B AL 1 BN sl 5 SR 0T (3E30) 585

Sweet potato( Ipomoea batatas L. (Lam.) ),
of the Ipomoea genus of the Convolvulaceae
family, is an important agricultural crop in tropical
developing countries. It ranks among the top sev-
en most important food crops due to its high
yield, rich nutrient content, and wide adaptability
to various climates and farming systems. It is not
only used as human food and animal feed, but
also extensively in industrial processes, such as
bioethanol fermentation. However, few studies on
sweet potato have been conducted due to its
complex hexaploid genome (2n = 6x = 90)
compared with that of other main crops or model
organisms. Sweet potato has a relatively large
genome size of about 2200 to 3000 Mbp. So far,

several transcriptomic databases of different

sweet potato cultivars have been built""®
including that of ‘ Xushu 18’ in our laboratory
using combined de novo transcriptome assem-
bly'?"-22) Many sweet potato genes have been re-
searched, including betaine aldehyde dehydro-
genase* 24

starch branching enzymes!'®

, late embryogenesis abundant 14
' and transposase
genes'®’.

In this study, we cloned and characterized
the nucleotide sequences of two nsLTPs ( IbLTP1
and /bLTP2) from [. batatas (L.) Lam., cv.
Xushu 18. In addition, the expression patterns
and expression differences of IbLTP1 and IbLTP2
in different tissues and under stress were deter-
mined by real-time RT-PCR. Results from this
study will provide further understanding of the

role of nsLTPs in plant stress tolerance.
1 Material & Methods

1. 1 Plant material and treatment

. batatas (L.) Lam., cv. Xushu 18, which
has a long cultivation history in southern China,
was used in this study. Stem cuts were planted in
May, 2014 in an experimental field of the College
of Life Sciences in Sichuan University, Chengdu,
China. Two-month-old plants were well irrigated

at their roots with 2 L of 200 mmol/L NaCl solu-
tion once every 3 d for 20 d. Control samples
were grown under normal conditions.

We collected the leaves, stems, and roots
from at least three plants after abiotic stress at O,
3, 10 and 20 d as well as from the control. The
harvested leaves, stems, and roots were
cleaned with distilled water and frozen immedi-
ately in liquid nitrogen, then stored at —80°C for
further RNA or DNA preparation.

1.2 Total RNA and genomic DNA extraction and
purification

Total RNA was extracted from different tissues
using TRNzol Reagent ( TIANGEN, China). RNA
concentration was assessed with the OD,s/
OD.g, ratio using spectrophotometry, and the in-
tegrity of total RNA samples was identified using
cDNA was

synthesized using a PrimeScript RT reagent kit

1% agarose gel electrophoresis.
with gDNA Eraser (TaKaRa, China) according to
the manufacturer’s instructions.

The CTAB method was used to extract and
purify the genomic DNA of sweet potato. First,
the plant tissues were ground into powder in
liquid nitrogen using a deeply frozen mortar and
pestle. The powder was then resuspended in the
CTAB extraction buffer, which was preheated in
65°C, and incubated at 65°C for 60 min. Chloro-
form/isoamyl alcohol (24 @ 1) was added to
remove the proteins. The mixture was then gently
shaken and centrifuged at 4000 r/min for 20 min
at room temperature. The mixture formed three
layers from the top to bottom. The top agueous
phase was transferred into a new centrifuge tube.
Isopropanol ( 2/3 of the top aqueous phase
volume) was added and maintained for 10 min to
precipitate DNA. The mixture was then centri-
fuged at 4000 r/min for 20 min at room tempera-
ture and the DNA pellet was resuspended using
precooled 70% alcohol for washing. The mixture
was centrifuged at 3000 r/min for 10 min at room
temperature to harvest the DNA pellet, which was
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then dried at 37°C for 15 min. The DNA pellet was
then dissolved using RNase-H,O (20 ug RNase/
mL) and stored at — 20°C for future use.

1.3 Isolation of IbLTPs and construction of the
recombinant plasmid

The cDNA of IbLTP1 and IbLTP2 were ampli-
fied from the cDNA of sweet potato using PCR
with primers IbLTP1F, IbLTP1R and IbLTP2F,
IbLTP2R (Table 1), respectively. The primers for
amplification were designed according to the se-
qguences using Primer Premier 5.0 ( Premier Bio-
soft International, CA, USA). The sequences
were amplified using rTaqg (TaKaRa, China) and
the PCR products were separated in 2% agarose
gel and recovered using a gel extraction kit
(Omega Bio-Tek, USA) according to the manufa-
cturer’s instructions. The purified sequences were
inserted into the plasmid vector pMD19-T ( Tian-
gen, China) and then transformed in competent
cells of Escherichia coli strain JM109. The posi-
tive monoclonal colonies were then selected and
sequenced (Genewiz, China).

Primers PE1F, PE2F (with an EcoR 1 site)
and PE1R, PE2R (with a Hind Il site) were used
to amplify the CDS of [bLTP1 and IbLTP2, re-
spectively (Table 1). The PCR reactions were
performed using DNA polymerase KOD-Plus-Neo
(Toyobo, Japan) under the following conditions .
94°C for 3 min, 30 cycles at 98°C for 10 s, 50°C

Table 1 Primers used in this study

Primer Sequence (5’ -3’)
IbLTP1F TCCTGTCTTTCAATTCCCAGATC
IbLTP1R GCGACACAGTACAGACCAG
IbLTP2F GCTAAGCTAGCTTGGCAATCC
IbLTP2R GTCCCATATATGATACCAACTCTC
PE1F CCGGAATTCATGGCAAATCTTAGTTTGG
PE1R CCCAAGCTTAGTGAACCTTGGAGCAG
PE2F CCGGAATTCATGAGGAGCATAGCAATCTG
PR2R CCCAAGCTTAGCAACGAGGAAAGGG
QRT-LTP1F TAGTTTGGTTATTGCGGTGTTG
QRT-LTP1R TTGTCCCTTGCCTGTGATGT
QRT-LTP2F ATGAGGAGCATAGCAATCTG
QRT-LTP2R GCAACCTTCTTGGCATTAG
B-actinF CTGGTGTTATGGTTGGGATGGGAC
B-actinR GAAGGACAGGGTGCTCCTCAGG

for 30 s, and 68°C for 30 s, followed by 68°C for
10 min. The PCR products were purified using a
Cycle-Pure kit (Omega Bio-Tek, USA) accord-
ing to the manufacturer’s instructions, and diges-
ted by enzymes EcoR I and Hind I and then
subcloned into the pET32a ( +) vector, which
was also digested by EcoR1 and Hind II.
The recombinant plasmids pET32a-IbLTP1 and
pET32a-IbLTP2 were obtained and transferred
into E. coli strain BL21 ( DE3). The positive
recombinants were selected and identified by
double enzyme digestion.
1.4 Sequence analysis of IbLTPs

Sequences were Blasted in NCBI (http ./ www.
ncbi.nim.nih.gov/) to analyze the conserved do-
mains and active sites. ORF Finder (http ./ www.
ncbi.nim.nih.gov/gorf/gorf.html) was used to find
the open reading frames ( ORF) of /bLTP1 and
IbLTP2. The physical and chemical parameters
of IbLTP1 and IbLTP2 were computed using
the ProtParam tool ( http./web.expasy.org/prot-
param/). The presence and location of signal
peptide cleavage sites in IbLTP1 and IbLTP2
were predicted using SignalP 4.1 ( http:/www.
cbs. dtu. dk/services/SignalP/). Multiple sequence
alignments and homology analysis were done
using DNAMAN software. MEGA 5.10 software
was used to construct the phylogenetic trees of
IbLTP1 and IbLTP2 using maximum likelihood.
The amino acid sequences of other plants, using
to construct the phylogenetic trees, were down-
loaded from GenBank (Table 2).
1.5 Expression analysis of IbLTPs in different
tissues and under NaCl stress

Real-time RT-PCR was used to detect gene
expressions in different plant tissues and in re-
sponse to NaCl stress. The B-actin gene was
chosen as a reference to normalize the total RNA
amount in each reaction. The AACt method was
used to calculate relative gene expression. cDNA
was prepared from young leaves (YL), mature
leaves (ML), stems (ST), fibrous roots (FR),
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Table 2 Species and accession numbers of LTPs sequences used for phylogenetic analysis

Accession number

Definition

Species
Ricinus communis L. Gl.
Vitis vinifera L. Gl.
Prunus mume ( Siebold) Siebold & Zucc. Gl
Citrus sinensis L. Osbeck Gl.
Nicotiana tomentosiformis Goodsp. Gl.
Solanum lycopersicum L. Gl
Sesamum indicum L. Gl.
Cucumis melo L. Gl
Cicer arietinum L. Gl
Medicago truncatula Gaertn. Gl
Glycine soja Sieb. et Zucc. Gl.
Beta vulgaris subsp. vulgaris L. Gl.
Solanum chacoense Bitter. Gl.
Lactuca sativa L. Gl.
Davidia involucrate Baill. Gl
Gossypium herbaceum subsp. africanum (Watt) Vollesen Gl
G. hirsutum L. Gl.
Vitis pseudoreticulata W. T. Wang Gl.
Gymnadenia conopsea L. R. Br. Gl.
Fragaria x ananassa (Weston) Duchesne ex Rozier Gl

255572170 Nonspecific lipid-transfer protein, putative
731370169 Predicted: non-specific lipid-transfer protein 2-like
645276420 Predicted . non-specific lipid-transfer protein 2-like
568828853 Predicted : non-specific lipid-transfer protein 2
697119589 Predicted: non-specific lipid-transfer protein 2-like
723697796 Predicted: non-specific lipid-transfer protein 2-like
747042034 Predicted: non-specific lipid-transfer protein 2-like
659066780 Predicted : non-specific lipid-transfer protein 2
502163612 Predicted: non-specific lipid-transfer protein 2
357500235 Chitinase / Hevein / PR-4 / Wheatwin2
734428064 Putative non-specific lipid-transfer protein AKCS9
731344615 Predicted ; non-specific lipid-transfer protein-like
91107174 lipid-transfer protein precursor

118490068 lipid transfer protein isoform 1.1 precursor
16903206 lipid transfer protein precursor

403391437 lipid transfer protein precursor

7012724 lipid transfer protein precursor

390985898 nonspecific lipid transfer protein

109255207 phosophlipid protein

67937769 non-specific lipid transfer protein precursor

initial tuberous roots (IR) under normal condi-
tions, and from the leaves, stems, and roots
under NaCl stress at different times. All real-time
PCR runs were performed in triplicate (technical
replicates) and each reaction mixture was pre-
pared using a SYBR Premix Ex Tag kit (TaKaRa,
China). The reaction mixture (20 uL) contained
10 uL of 2 x SYBR Premix Ex Tag, 6.4 uL of PCR-
grade water, 0.8 uL of each forward and reverse
primer, and 2.0 uL of appropriately diluted tem-
plate cDNA. The procedure was: 95°C for 3 min
followed by 40 cycles at 95°C for 30 s, 58°C for
30 s, 72°C for 30 s and 82°C for 1 s for plate
reading. After amplification, a melting peak anal-
ysis with a temperature gradient of 0.1°C per sec-
ond from 60 to 95°C was performed to confirm
that only the specific products were amplified.
These procedures were optimized for 96-well for-
mat using a Bio-Rad 1Q detection system with flu-
orescein as an internal passive reference dye for
normalization of well-to-well optical variation.
1.6 Response of recombinant BL21 (DES3) to
NaCl stress

The recombinant BL21 was grown in LB me-

dium containing 600 mmol/L NaCl and 100 ug/
mL of ampicillin at 37°C with shaking at 140 r/
min. When the ODg,, reached 0.5, 0.2 mmol/L
isopropyl-thiogalactoside (IPTG) was added to
the medium to induce protein expression. The
control BL21 strains were grown in normal LB me-
dium containing 100 ug/mL of ampicillin only. The
ODy,, values of the cultures were recorded every
3 h and 2 h, respectively. Each experiment was
repeated in triplicate.

2 Results

2.1 Cloning and sequence analysis of IbLTP1
and IbLTP2

Through scanning the transcriptome data-
base established in our laboratory, we obtained
many nsLTP contigs. Two contigs ( Contig _
11802, Contig_ 14035) were researched in this
study. Sequence analysis showed that they enco-
ded a protein homologous to other lipid transfer
proteins in the NCBI database, and so were
named as /bLTP1 and IbLTP2, respectively. Their
cDNA with 5’ and 3" UTR were amplified from
sweet potato cDNA and inserted into the plasmid
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vector pMD19-T. The recombinant plasmids were
transformed in competent cells of E. coli strain
JM109 and the positive monoclonal colonies were
selected and sequenced.

The sequencing results showed that /bLTP1
contained a 345 pb ORF and /bLTP2 contained a
285 bp ORF. In addition, /bLTP1 and IbLTP2 had
four and three homologous isoforms, respective-
ly. The PCR products of IbLTP1 and IbLTP2 were
also sequenced to ensure that these isoforms
were not due to experimental errors. If there were
different bases among the homologous isoforms,
the peak diagrams of PCR products showed
double peaks at the same base location. The re-
sults demonstrated that there were 24 and 8 SNP
sites in IbLTP1 and IbLTPZ2, respectively. The ge-
nomic DNA of /bLTP1 and IbLTP2 were also am-
plified with the same primers from sweet potato
genomic DNA. The sequence comparisons of ge-
nomic DNA and cDNA showed there were no in-
trons in the ORFs of IbLTP1 or IbLTP2 (Fig. 1).

1 2 3 4 5

1, 2. cDNA and genomic DNA of IbLTP7; 3. DNA marker;
4, 5. cDNA and genomic DNA of /bLTP2.

Fig. 1 PCR amplification of cDNA and genomic DNA
of IbLTP1 and IbLTP2

2.2 Sequence and phylogenetic analyses of
IbLTP1 and IbLTP2 proteins

IbLTP1 contains 114 amino acid residues,
including three negatively charged residues
(Asp + Glu) and 10 positively charged residues

(Arg + Lys) with a molecular weight of 11.2 kD

and pl of 9.07. IbLTP2 contains 94 amino acid
residues, including five negatively charged re-
sidues (Asp + Glu) and 11 positively charged
residues (Arg + Lys) with a molecular weight of
10 kD and pl of 8.97. Neither contained any Trp
residues. Using SignalP 4.1, the putative protein
of IbLTP1 was predicted to contain a typical sig-
nal peptide of 22 amino acid residues at the
N-terminus, whereas IbLTP2 was predicted to
contain a signal peptide of 25 amino acid resi-
dues. They contained eight strictly conserved
cysteines, which formed four disulfide bridges.
Conserved domain and active site analyses de-
monstrated that IbLTP1 had an nsLTP1 conserved
domain and IbLTP2 had an nsLTP2 conserved
domain. Therefore, IbLTP1 and IbLTP2 belonged
to Type 1 and Type II, respectively. Multiple
amino acid sequence alignments showed that
IbLTP1 shared 61.40% amino acid identity with
Gymnadenia conopsea LTP ( Gl. 109255207 ) ,
whereas IbLTP2 shared 71.70% amino acid iden-
tity with Nicotiana tomentosiformis LTP ( Gl.
697119589). Based on multiple amino acid se-
guence alignments, we constructed a phyloge-
netic tree to show the relationship between
IbLTPs and other plant LTPs (Fig. 2).
2.3 Expression pattern analysis of IbLTP1 and
IbLTPZ2 in different tissues

The gene expression levels of IbLTP1 and
IbLTP2 in different tissues are shown in Fig. 3.
The expression levels of genes in FR were used
as a calibrator ( designated as 1) to determine
relative expression levels. IbLTP1 had the highest
expression level in young leaves; [bLTP2 dis-
played the highest expression level in stems,
which was 2-fold higher than that in other tissues.
IbLTP1 exhibited the lowest expression level in
roots, whereas [bLTP2 showed the lowest ex-
pression level in mature leaves. There was no dif-
ferential expression of [bLTP2 between young
leaves and fibrous roots.
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Fig. 2 Phylogenetic tree of IbLTPs and homologous LTPs from other plants
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Expression levels of (a) /bLTP1and (b) IbLTP2in young leaves (YL), mature leaves (ML), stems (ST), fibrous roots (FR) and
initial tuberous roots (IR). Expression level of genes in FR was used as a calibrator ( designated as 1) to determine relative expres-

sion levels.

Fig. 3 gRT-PCR expression patterns of IbLTPs in different tissues

2.4 Expression of IbLTP1 and IbLTP2 under
NaCl stress

To elucidate the possible role of /bLTP1 and
IbLTPZ2 in sweet potato, their expression patterns
in response to NaCl stress were analyzed using
gRT-PCR. The expression level of genes on 0 d
were used as a calibrator (designated as 1) to
determine the relative expression levels. The re-

sults showed that there were no changes in the
expression levels of IbLTP1 and IbLTP2 in roots
under NaCl stress after 3 d, 10 d and 20 d com-
pared with that on 0 d (Fig. 4. a). In stems, the
expression of /IbLTP1 and IbLTP2 was clearly up-
regulated by NaCl stress, showing a 3-fold in-
crease after 3 d of treatment. These responses
continued after 10 d and 20 d of treatment (Fig. 4.
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Fig. 4 Time-course expression analysis of IbLTPs
responding to NaCl stress in (a) roots, (b)
stems and (c) leaves

b). In leaves, the expressions of [bLTP1 and
IbLTP2 were also upregulated respectively,
showing a 3-fold and 5-fold increase after 3 d
treatment, with the induction of IbLTPZ2 persisting
after 10 d and 20 d of treatment (Fig. 4. ¢).
2.5 Response of recombinant E. coli to NaCl
stress

To verify the effect of IbLTP1 and IbLTP2
proteins on the growth of host cells under NaCl
stress, the recombinant plasmids pET32a-IbLTP1
and pET32a-IbLTP2 were constructed and ex-
pressed in E. coli. Under normal conditions the
growth curves were roughly the same between
the recombinant and control strains (Fig. 5. a).
Under NaCl stress, however, all bacterial strains
displayed slower growth than that under normal
conditions and the maximal ODg, values of

strains harboring pET32a-IbLTP1 and pET32a-
IbLTP2 were higher than that of the pET32a-trans-
formed strain (Fig. 5: b), indicating that both
expressed /bLTPs conferred the host cells salt-
tolerance.

Normal

ODGOU
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—a— BL21pET32a-IbLTP1
--m-- BL21pET32a-IbLTP2
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Fig. 5 Growth curves of E. coli BL21 (DE3) strains
harboring recombinant plasmid pET32a-IbLTP1,
pET32a-IbLTP2 or pET32a in (a) LB medium
and (b) LB medium with 600 mmol/L NaCl

3 Discussion

Sweet potato is constantly exposed to abiotic
stress, with drought and salt being particularly
serious. Thus, plants usually upregulate or down-
regulate the expression of numerous genes in re-
sponse to these stresses, including late embryo-
genesis abundant 14*) | betaine aldehyde dehy-
drogenase gene ( IbBADH)'®' and multiple
stress responsible gene 1 ( MuS/)'’. In this
study, we analyzed the expression patterns of
IbLTP1 and IbLTP2 under NaCl stress.

According to the conserved domain and ac-
tive site analyses, the deduced protein sequence
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of IbLTP1 contained the nsLTP1 conserved do-
main and that of IbLTP2 contained the nsLTP2
domain. Similar to other nsLTPs, they have basic
isoelectric points, lower molecular weights, and
contain eight strictly conserved cysteine residues
and signal peptides, suggesting that they belong
to the LTP family.

Usually, nsLTP genes have different expres-
sion patterns in different plant tissues. The high-
est expression level of [bLTP1 was found in
young leaves, in accordance with previous re-
sults in which the expression level of nsLTP in
young leaves of broccoli was higher than that in
mature leaves'®' . A similar expression pattern
was also found in Arabidopsis'®®’. IbLTP1 may
play a role in the formation and deposition of cu-
ticular components. The relatively high expression
level of IbLTP1 in leaves suggests that it may
play a more important role in the physiological
processes in leaves than that in other tissues.
However, the expression of IbLTP2 was higher in
stems than that in other tissues, indicating a
more important function in stems.

The expression level of LTP genes under salt
stress has been studied in many plants''" "', In
this study, we found that IbLTP1 and IbLTP2
were regulated by NaCl stress. Real-time RT-PCR
results showed that IbLTP1 and IbLTP2 were up-
regulated more than 2-fold in stems and leaves
after 3 d treatment, indicating that both are likely
involved in salt stress response. The duration of
the upregulation of IbLTP2 was longer than that of
IbLTP1 in leaves and stems. These results sug-
gested that the physiological importance of
IbLTP2 may be higher than that of /bLTP1 in NaCl
stress response. Prokaryotic expression systems
are an effective way to express exogenous pro-
tein. We elucidated the contribution of /bLTPs to
NaCl stress by treating recombinant E. coli har-
boring IbLTPs with NaCl stress. The expression of
IbLTPs enhanced the salt tolerance of the host
cell.

In this study, two nsLTP genes were cloned
and named /bLTP1 and [bLTPZ2. Their expression
patterns in different tissues under normal growth
conditions and NaCl stress were examined.
Results indicated that /bLTP1 and IbLTP2 had
higher relative expression levels in young leaves
and stems, respectively, and were highly in-
duced under NaCl stress. However, the role of
IbLTPs in plant physiology remains unclear. In fu-
ture research, the function of /IbLTPs should be
accurately elucidated.

References:

[ 1] Sossountzov L, Ruiz-Avila L, Vignols F, Jolliot A, Arondel
V, Tchang F, Grosbois M, Guerbette F, Miginiac E,
Delseny M. Spatial and temporal expression of a maize
lipid transfer protein gene[J]. Plant Cell, 1991, 3(9).
923-9383.

[ 2] Arondel V, Kader JC. Lipid transfer in plants[ J]. Experi-
entia, 1990, 46(6) ; 579-585.

[ 3] Castagnaro A, Garcfa-Olmedo F. A fatty-acid-binding pro-
tein from wheat kernels[ J]. Febs Lett, 1994, 349 (1)
117-119.

[ 4] Carvalho ADO, Gomes VM. Role of plant lipid transfer pro-
teins in plant cell physiology-A concise review [ J]. Pep-
tides, 2007, 28(5) . 1144-1153.

[ 5] WeiKF, Zhong XJ. Non-specific lipid transfer proteins in
maize[ J]. BMC Plant Biol, 2014, 14(1). 1-18.

[ 6] Boutrot F, Chantret N, Gautier MF. Genome-wide analysis
of the rice and Arabidopsis non-specific lipid transfer pro-
tein ( nsLtp) gene families and identification of wheat
nsLtp genes by EST data mining[J]. J Comp Neurol,
2007, 140(2) . 155-1783.

[ 7] DongHS, Lee JY, Hwang KY, Kim KK, Suh SW. High-
resolution crystal structure of the non-specific lipid-transfer
protein from maize seedlings[ J]. Structure, 1995, 3(3):
189-199.

[ 8] Samuel D, Liu YJ, Cheng CS, Lyu PC. Solution structure
of plant nonspecific lipid transfer protein-2 from rice ( Ory-
za sativa) [ J]. J Biol Chem, 2002, 277 (38):. 35267 —
35273.

[9] ChenY, Ma JJ, Zhang X, Yang YT, Zhou DG, Yu Q,
Que YX, Xu LP, Guo JL. A novel non-specific lipid transfer
protein gene from gugarcane ( NsLTPs ), obviously re-
sponded to abiotic stresses and signaling molecules of SA
and MeJA[J]. Sugar Tech, 2016. 1-9.

[10] Qin XY, LiuY, Mao SJ, Li TB, Wu HK, Chu CC, Wang

YP. Genetic transformation of lipid transfer protein enco-



502

(ER7R e 1

%534 %

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

ding gene in Phalaenopsis amabilis, to enhance cold re-
sistance[ J]. Euphytica, 2011, 177(1) . 33-43.

Jang CS, Lee HJ, Chang SJ, Yong WS. Expression and
promoter analysis of the TalLTP1, gene induced by
drought and salt stress in wheat ( Tritcum aestivum L.)
[J]. Plant Sci, 2004, 167(5) : 995-1001.

Guan MX, Chai RH, Kong X, Liu XM. Isolation and char-
acterization of a lipid transfer protein gene ( BpILTP1) from
Betula platyphyllal J|. Plant Mol Biol Rep, 2013, 31(4):
991-1001.

George S, Parida A. Characterization of an oxidative
stress inducible nonspecific lipid transfer protein coding
cDNA and its promoter from drought tolerant plant Proso-
pis julifloral J]. Plant Mol Biol Rep, 2010, 28( 1) ; 32-40.
Manjula S, Murali M, Shivamurthy GR, Amruthesh KN.
Non-specific lipid transfer proteins (ns-LTPs) from maize
induce resistance in pearl millet against downy mildew
disease[ J]|. Phytoparasitica, 2014, 43(4) . 437-447.
Lee SB, Go YS, Bae HJ, Park JH, Cho SH, Cho HJ, Lee
DS, Park OK, Hwang |, Suh MC. Disruption of glyco-
sylphosphatidylinositol-anchored lipid transfer protein gene
altered cuticular lipid composition, increased plastoglo-
bules, and enhanced susceptibility to infection by the fun-
gal pathogen Alternaria brassicicola[ J]. Plant Physiol,
2009, 150(1) . 42-54.

Huang MD, Chen TL, Huang AH. Abundant Type Il lipid
transfer proteins in Arabidopsis tapetum are secreted to
the locule and become a constituent of the pollen exine
[J]. Plant Physiol, 2013, 163(3) . 1218-1229.
Martin-Pedraza L, Gonzdlez M, Gémez F, Blanca-Lépez
N, Garrido-Arandia M, Rodriguez R, Torres MJ, Blanca
M, Villalba M, Mayorga C. Two non-specific lipid transfer
proteins (nsLTP) from tomato seeds are associated to se-
vere symptoms of tomato-allergic patients [ J]. Mol Nutr
Food Res, 2016, 60(5) . 1172-1182.

Xie FL, Burklew CE, Yang YF, Liu M, Xiao P, Zhang BH,
Qiu DY. De novo sequencing and a comprehensive analy-
sis of purple sweet potato ( [pomoea batatas L.) tran-
scriptome[ J]. Planta, 2012, 236(1) . 101-113.

Wang ZY, Fang BP, Chen JY, Zhang XJ, Luo ZX, Huang
LF, Chen XL, Li YJ. De novo assembly and characteriza-
tion of root transcriptome using lllumina paired-end se-
quencing and development of cSSR markers in sweet po-
tato ( Ipomoea batatas) [ J]. Bmc Genomics, 2010, 11
(53). 1-14.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Firon N, LaBonte D, Villordon A, Kfir Y, Solis J, Lapis E,
Periman T, Doron-Faigenboim A, Hetzroni A, Althan L,
Nadir L. Transcriptional profiling of sweetpotato ( /pomoea
batatas) roots indicates down-regulation of lignin biosyn-
thesis and up-regulation of starch biosynthesis at an early
stage of storage root formation [ J ]. BMC Genomics,
2013, 14(1). 1-25.

Tao X, Gu YH, Wang HY, Zheng W, Li X, Zhao CW,
Zhang YZ. Digital gene expression analysis based on inte-
grated de novo transcriptome assembly of sweet potato
(lpomoea batatas (L.) Lam.) [J]. Plos One, 2012, 7
(4). 1-14.

Tao X, Gu YH, Jiang YS, Zhang YZ, Wang HY. Tran-
scriptome analysis to identify putative floral-specific genes
and flowering regulatory-related genes of sweet potato
[J]. Biosci Biotech Bioch, 2013, 77(11) . 2169-2174.
Chen J, Jiang YS, Tao X, Tan XM, Zhang YZ. Cloning
and expression profile of betaine aldehyde dehydrogenase
gene of Ipomoea batatas in response to salt stress[J].
Russ J Plant Physl, 2014, 61(4) . 509-516.

Park SC, Kim YH, Jeong JC, Kim CY, Lee HS, Bang
JW, Kwak SS. Sweetpotato late embryogenesis abundant
14 (IbLEA14) gene influences lignification and increases
osmotic-and salt stress-tolerance of transgenic calli[ J].
Planta, 2011, 233(3) . 621-634.

Qin H, Zhou S, Zhang YZ. Characterization and expres-
sion analysis of starch branching enzymes in sweet potato
[J]. Hypertension, 2013, 12(9) . 15630-1539.

Yan L, Gu YH, Tao X, Lai XJ, Zhang YZ, Tan XM, Wang
HY. Scanning of transposable elements and analyzing ex-
pression of transposase genes of sweet potato ( joomoea
batatas)[J]. Plos One, 2014, 9(3) . 1-18.

Seo SG, Kim JS, Yang YS, Jun BK, Kang SW, Lee GP,
Kim W, Kim JB, Lee HU, Kim SH. Cloning and character-
ization of the new multiple stress responsible gene 1
(MuSl) from sweet potato[ J]. Genes Genom, 2010, 32
(6): 544-552.

Pyee J, Yu H, Kolattukudy P. Identification of a lipid trans-
fer protein as the major protein in the surface wax of broc-
coli ( Brassica oleracea) leaves[ J]. Arch Biochem Bio-
phys, 1994, 311(2) . 460-468.

Thoma S, Hecht U, Kippers A, Botella J, De Vries S,
Somerville C. Tissue-specific expression of a gene enco-
ding a cell wall-localized lipid transfer protein from Arabi-
dopsis[ J]. Plant Physiol, 1994, 105(1) . 35-45.

(ST JA 5%)





