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Gene Cloning of NfwspA3 and Analysis of Its Drought
Tolerance Capability in Nostoc flagelliforme

FAN Hong-li, FENG Cui-e, WU Jia-yue, ZHOU Li, ZHENG Rui, SU Jian-yu, YUE Si-jun
( College of Life Science, Ningxia University/Western Biological Resources Protection and

Utilization Lab of National Education Ministry, Yinchuan 750021 )

Abstract: Water stress proteins play an important role in the process of drought tolerance in many plants.
Nostoc flagelliforme showed strong tolerance to drought, salt and radiation stresses.In this study, using the
genomic DNA of Nostoc flagelliforme as a template, the open reading frame ( ORF ) of a water stress protein gene
was cloned by PCR amplification, and this gene was named NfwspA3 according to the online annotation via blastP
in NCBI ( https: //www.ncbi.nlm.nih.gov/ ) .Bioinformatic analysis showed that NfwspA3 gene contained 1017
base pair that encodes a putative protein consisted of 338 amino acid residues.The predicted isoelectric point was
4.85 and the theoretical molecular weight was 37.48 kD.The encoded protein was predicted being a hydrophilic
stable protein, and distributed in the cytoplasm.By analyzing the recombinant expression vector of pET32a-
NfwspA3 under the condition of PEG-6000 simulating drought stress, it showed strong drought tolerance.
Meanwhile, the recombinant expression strain showed higher activity of galactosidase.Thus, this work will
provide a theoretical basis for detecting the molecular mechanism of water stress protein and a gene element that
might be used for genetically modified breeding in Nostoc flagelliforme.
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A = 20 %

PUR S EE 1, R AL M X VA 1 P Tk
F ] 1 BE TR AL B AR W, BRI R TR Y S
B W RN TR AL A R DU R AR AR
B SRR ERE BA AR SR 04 A EEH T
TR 1 A A AR UL, 22 T VB A X Y 1 KL
VEIR, BRAh, AR BRI IS ELA R G R
F25 I, %32 AR B DRk, T 4k
AR T AR A 8 A AL B s ek R T
IR, HA o BB AR R

ETREE T, AR SR AICIE N = 5411
L A AT , LI AT 2 i . Ye 25
W5 & BB B2 I5F B ( CA, Carbonic anhydrase ) 5
DR Mg RO AS BRI A7 1 S0 AR R, A
JeK BT HEPT CA T 3 58, K &2 1% B IS CA 2R
I, A Ah CA TGP 22 3 58 . CA REAS M 1k 4 41
HIHE Y CO, 1A i, 8 22 401 B TC LAk 1R SR B, FF- i
B AR M OB R BE S, AL RS R R,
JR A RS T 38 R AH SC R B drnf3 . drmf5
FU drnf9 76T S0 2544 0] LAGE 2F 240 i 0 A K
Wu 20 TR T i ORI D O R B T R R
AL LR NS 5hi R R, EREE
FOTH R T S bR R T AR PR T S R R SR
i AL W) 8 R ( Prx, Peroxidase reductase ) Fll 7%
e H A IR B ( GR, Glutathione reductase ) J& K, &
I Prx F1 GR H R AR AR 3 B i 8 52 -+ 5 i 3 i)
R ERIR HEDHGE i bR SRR R R 2 A Y
FH AT AR A A7 T R e . TR e aT AR
J— P T 5 I ARG B A R R R . A&
PR M AZ T 5 e i, BB TS 22 T2 37 36 e
P RIL . BRIEK G BHE I (WSPA, Acidic
water stress protein ) [ 55 BUgLE T 595 S0 45
o Potts 2RI A B, AR EE A 22 I i b
TEAE—2 WSPA 1% 1 B A 2P FUBFF EE 12
AR B85 TR A T 38 450 R I, wspd 23 LA
TR, 1 9 200 52 R K G A v BT 7 A T A A
A GE L B AR wspA HENEE AR ST &
P, e B DR RE R e ZUBE T i 05 PR v T B A UG A
FH 10%PEG-6000 38 2 B 48 h Ji7 , % 5 K 10l R 5t
- Fr i % ( MDA, Malondialdehyde ) 75 5z A
Xof R R 2 A T B A AL RS O, A B b A H-
WSPA [ BA —E YT FAE S

KRR IR PR BT 5240 i % 45 PR 7E T 5k
IR BRI A% R B 1 BT S5 o, 7E 52 WK e Tk
SRS M. TSRS SN SRR A B, LA

I B wspA LR S R ek, LU T 4 i 3L T
PR R T MAAs 1A B, ARG T 5 F 58 S
o HET, ZWRESIREELE T 250 T oy B3 Ak
MEHLTIRFSE B R 2 (HR % T A RS ER B i 5
HIBF TR 5 0, T wspd FeH 25 LIRS Bk e
it ML v AN TR, R, BR 5T wspA FEH D) g
T LR AL, o] VR i L R TR i R AR AR
DI RE LA .

AT AR S ERBE R ke 7 — 4
WSPA 5 1 A HE N NfwspA3, I 46 i o 240 3%
KK pET32a-NfwspA3, LA £ B -6000 £ 40
TSR0 A5, RS A M R 390 45 JRiR 0 v Y 2Rk
AL, AN RS R e i 5 AT R AH DG
PISRER ARG S RS TR B 5 0 43 BIL R RN i A
U R R LA 5T He A A R L R Tk
1 #MREFE
1.1 iKgesr

RN SRS rtass S A 1 U =y = 34
Rk E BN U E Y = R it T BGI1 K
FrFH, 25 C, 60 v/min ELLCHR AN N IR R,
35 530 2% TG IR 98 60 pmol/m’-s, 1535 15 d )7,
8000 r/min WUEEARAE, ££ T 80 CA&H.

T4 DNA i $% i . pGEM"-T Easy i 7 & 19 H
Permaga /A 7] 5 BRI N VI Bam HI ., Hind 1114 H
scientific 2 ] 5 Bk /N i $2 iU R & L Tag DNA
4 it . Protein Marker Il . DNA Marker . 3 5 Bl 5E i
DNA [FICR R G 11 b5 RAR A Wl 5 J A% Rk it
ki pET-32a. E.coli itk BL21 Fl DH5a &% 25 40 iy
PRI T AL = 5 5 96 LI 7 iy AR T
YA BR TR A58
1.2 RRETEZEEEH DNA RE

B -80 C¥2 TR I & IR A BR BEE 40 L 50 mg K
BWTEEBA , K CTAB 32BN 2H DNA.,
1.3 NfwspA3 EEHHE

2 2% R R TR B K 4 i aE B 2R RE B
Wit 5l Y, 51 % ¥ 51 8 wsp-F: SCGGGATCCA
TGCTGCATA TTTGGAATGTT?, T ¥l £k 3 4% H
Bam HI i Y] 1 /5 ¥ 31, wsp-R: SCGAAGCTTT
TATTCATTAACAATC GTAAAGCCTTC3, T %] 4
#B53h Hind MBI 5075, LR S BR BRI
2 DNA WIS PCR, §7 38 5544 94 CHilAE
5 min, 94 *C7ZZM: 1 min, 57 CiE K 1 min, 72 C
FEH 1 min, 35 PMER, 72 CIEA 5 min,
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JH NCBI 1) ORF Finder & J7* 43 #t NfwspA3 F&
IR 1) P B 05 524E ( ORF )5 ] ExPASy Chtp: //
www.expasy.ch ), ProtParam ( https: //web.expasy.org/
protpar ) I SWISS-MODEL ( https: /swissmodel.
expasy.org/ ) TEL KA XS NfwspA3 PR G i 25 11 1Y
PRACE T | RS A TN B = s A, A
PSORT 2 prediction ( https: /psort.hgc.jp/form.html )
T 2R A W NfwspA3 3 PR 2 fith 25 P4 A 1 41 i <2
i, F Protfun2.2 ( https: //www.cbs.dtu.dk/services/
Protfun ) 7F £ 4014 % NfwspA3 FLPH i 85 H ) D RE
AT .
1.5 pGEM-T-NfwspA3 T2 [ {kaytaE

FH 1.0% Byt His 4 88 e Pk A6 0 ' [B1 1l PCR 7
Yy, % T4 DNA &40 H 1 7 B 453 pGEM-T-
easy A, % 1k K W F1 18 DHSo J8% 2 25 40 i, 48
1 RE G 398 i, i BB P e o S, £ IR il 4 P 1) il
Bam HI, Hind T AU )4 2 1E A A EE 2L SORLE I T
1.6 pET32a-NfwspA3 Rix#HEaitae

€40 ORI P OE B )5, K pET32a £ 4K 1
pGEM-T-wspA3 435l ] Bam HI ., Hind T XEF], 7]
WD R BE, T4 B35 4 ClROE R KA FT
BL21 B2 A4, $2 5 PH 4 v e R U] 45 2 o
1.7 IPTG BHHFRIEKE B RRIGEN

B 1 mL SR W, A 100 mL 1) LB #5577
$£,37 °C, 200 r/min & F T 55 5% 2 h, & K OD {H
7 0.5~0.6 if 5 B 1 mL B, 128 0 h, [ 4 85 5%
LRI 30 uL B ¥R A 1 mol/L 9 IPTG; 37 °C,
180 r/min 3555, 55F@ 2 h B 1 mL BW&, B3 8 h Mk,
HAER LA SJFHC 1 mL. 4 3% 12000 r/min
B0 1 min, ] 1 mL 0.1 PBS (pH=7.9 ) # & ITIE, #
AR EE 5 ming 12000 r/min £5.0> 2 min, |35 B
M ALEPEE L, UOE AR R . B 25 pL BT
W, A 25 uL ) 2 x SDS-loading Buffer i & il
5 min; YLHEH 40 pL 1 x SDS-loading Buffer B2
5 min; A FE S 12000 r/min 0 1 min JFEHL 10 ul
EATER T L R
1.8 pET32a-NfwspA3 EHFKIEF Kl FAES1E

BiE il PEG-6000 #¢ J& 73 %1 2 0. 10% . 20% . 30% .
40% ., 50% 1 60% (1) LB 3555k, FIHHAEY AR
Lo 48 h 5 AR R AR KGO LS 23
JECRL R B RO IR 3 IREE ., HRIInE
B 2 PUPEIRGAR IPTG 755510, B 0 R -5 % BRI
OD {HYH 0.6 FEFIERIK S35 TR AR LU R 40 « 1,

1.9 EAREEK B- FFLEEERE SN

W U1 NfspA3 JE R 1 335 B pkad i 5 4%
I8 R TRAA, B 7S R, FH PBS 207, il UM BB
53 IS HLREAL 50 L, B FESL 3 AR, 37 CK
¥ 5 min, fill A 100 L 2 mmol/L ONPG, 37 °C ik
10 min, /1 A 150 pL 1.0 mol/L Na,CO;. HZ 200 pL
TS OD,s, HE4 ONP v 28, T8 B 1 80007
— NS 1B E X R 37 °C, pH=T.0 51T,
min A2 A 1 pmol/L ONP FIF 75 2 (i, AH X}
Lb i 718 mg 8 A ERE 7 (U/mg ).

2 ER5HM

2.1 NfwspA3 BEEFF AL FEHE ( ORF ) TFE

DL IR A& B v 3k R 2H DNA A AR H, wsp-F Fll
wsp-R 51 W4T PCR, ¥ 18 3l — SR S 4517, K
/N2 1000 bp (&1 1), BIMG RS H B9 BriE 2 &=
PGEM-T-easy 44, 7 AL KA T 1 DHSo 88572 A5 4
i, e BT A ORI A T A o 0 3 Ay BE M T
R JTORL% VA T AR ARAT B A RN o XHl
RS 4 HT 10, %751 ORF £ 1017 bp, A4 b
NfwspA3 .,

2000 bp

1000 bp L B2 1017 bp

M: 2000 DNA marker, 1: FIFEXIE, 2~3: PCR 74
M: 2000 DNA marker; 1: Negative control; 2-3: PCR products
1 ZREIKE NfwspA3 EE PCR = EREHE SRR FE K
Fig.1 PCR amplicons of NfivspA3 gene

2.2 NfwspA3 BERRBEANENEERFESH
22.1 NfwspA3 BEERBEANEUERELEW
B EHTRIT I TR, NfwspA3 3 X 58 B 1)
ORF K 1017 bp, 1] 4 fith 338 > FL R vk 3, Fil
SrFhk 37.48 kD, % Hi i 4.85, SR SR KRR Y AT A M
FREH H . SOPMA fEA B HTN iz 1 1 — 22
1oy, R R T, o- BREA 41 4, 5 12.13%,
B- 47 B 854>, 15 25.51%, B- ¥% A 26 1, i 7.69%,
o ¥ 4 #h 186 1>, 5 55.03%. SWISS-MODEL 7£
2 T H e AL, 25 2R 7R 3 88 o- BRUGE L B- % A
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FICHLIN) 4 i o) 2 5 B BT B AR FR I = 222 NfwspA3 EEHRBEABEIES F 5tk 3t

o 23 ] 2% #4 (18] 2 ), PSORT 2 prediction 7F £k il
DU XA NfwspA3 5 PR g B 1) 8 11 67 78 41 i
i

B2 NfwspA3 ERHEELQ = REMEE
Fig.2 The predicted tertiary structure of NfWSPA3 protein
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T LA X NfwspA3 55 K 4 i 2 117 91 i 47
[F 8% 91 LT, & 3% 86 117 91 5 Hi AR H- ( Nostoc
commune KU002 ). Hi A H-( Nostoc commune NCV-
WSP1 ), 24 %8 2% Bk ¥ ( Nostoc verrucosum KU005 )
i gs ,uﬁk{?g ( Nostoc verrucosum ) W1 7K 45 irif &
1 81 AR LB 43 51 R 68% . 67% . 63% il 63% , %%
W] NfwspA3 B D 4 5 2 11 8 T4 2k 3 & 1) WSPA
HHEG, HEWEA — R E(E3), &
5=l 3 4k & ¥k ¥ (Nostoc flagellifome ) 1)

WSPA3 & 15 2458 &8k 3 J& ( Nostoc verrucosum )

9 WSPA 3R y—2& (18 4), =ML ARG C
R, HZFI R EER—E

VETTGAGVVT
.. TS
..AIS
..AIS
..TLS
..VIS

yegfti n

vnlp a

g yeitg gdel asgl lgs tg ngagfatatll

R ; Nostoc commune NCV-WSP1 ; #i K H. NCV-WSP1; Nostoc verrucosum KU005 : 235 & EkEE KU00S;
IR ; Nostoc sp.Peltigera malacea cyanobiont DB3992 : [ i Hi #5:&

“Eki DB3992;

Nostoc commune KU002 : 1 A H: KU002

B3 RRSIRE

27K 5 B & B FR 5 b Xt

Fig.3 Sequence alignment of NfWSPA3 protein with other known WSP proteins

F R & EREE Nostoc sp. Peltigera malacea cyanobiont DB3992
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Fig.4 Phylogenetic analysis of NfWSPA3 protein sequence
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2.3 REERIZEM pET32a-NfwspA3 HIEE

B S5 7 IR A P 5ef% pET32a-NfwspA3 B 41 it
RLFEAT XU, 75 B P A% 45707, — 45 pET32a 2tk
FE), — 2 HIRFE A (&5 ), UE B JRAZ ik A
B,

M: 15000 DNA marker; 1: PCR 4 ; 2 25 # D] ;
3~4; TEL BRI 1)
M: 15000 DNA marker, 1: PCR products, 2: Empty carrier double
enzyme, 3-4: Double enzyme product
B 5 pET32a-NfwspA3 X VIR #EEEAL FE ik
Fig.5 Double digestion of pET32a-NfwspA3

2.4 EHARH pET32a-NfwspA3 HRIZIFE S RIE
A8 A Y S5 A% R 3K AR pET32a-NfwspA3 %
A K FF 1 BL21 8% 32 25 40 ffd, 1 IPTG 43 5155 5
2h.4h.6h F1 8 h,% SDS-PAGE HiLIK /550,15 S
2h.4h.6hHl8hARAT IR E]HEA (K6 ),
o i 1] 1) 2 1 AE XS 31 R 50 kD A2 4T, bR A His-
Tag % [ 15 kKD )5, 5 NfispA3 K 4 i 25 1 1 B
Wik 37.48 kD FHAF . 128 #MAR S S 105 4L
A R R AN 2] H A 4T, RIFE IPTG

M: #E [ Marker; 1: 288004 2 RifsT;
3~6: S IPTG %% 2h 4 h 6 h 18 h
M: Marker, 1: Empty vetor, 2: Non-induced,

3-6: Induced by IPTG for 2 h, 4 h, 6 h and 8 h individually
6 NfwspA3 BEEABRAKRZRIE
Fig.6 The prokaryotic expression of
recombinant plasmid of NfiwspA3

H5 SR, 3415k pET32a-NfwspA3 7E K i
BL21 H1 335 T AN NfWSPA3 i H ., EH £k E
B 75 S R s, 7215 5 6 h i, @S E A
FRHIR B KA, 2 )5 TR AH BT TR
2.5 pET32a-NfwspA3 EAF KM EMES 17

X 5 40 T Bk 2 4T PEG-6000 5 40 1 52 it 34 Ab
PR AR AE R InE 7 Bis . 1R PEG-6000
FRE TSR, NfwspA3 T 241 T AR R R B ik A K
AT, A2 S P AR K 22 5 1, 2 SR getg ik
1, OD {E7E 0.1~0.5 Z[a]. LA PEG-6000 Z J5 , i
H R AR R B B 25 5%, 7E PEG-6000 ¥
FE 1 10% 1}, NfwspA3 541 B AR A= K HE %, — B &
TR 7E 48 h 1Y OD {8 T AR W Y, 1 %
HE T Bk B 52 K208, OD {28 fK7E 0.1~0.4 22 ] .
bt & PEG-6000 ¥k & 11 Tt 1, NfwspA3 8 4 B AR 1Y
K BTGNS, A K il 2 - 5%, X BE R R 1 2R
Kz W T, 1% PEG-6000 #¢ ¥ ik 3] 60% B,
WA 2 T AR 0 A K i 2R AL TP AR S H NfiwspA 3
T2 R R A A R & TR IR AR, 2B NfspA3
4 2 35 B Bk AT LU 60% & LA R Hk Y PEG-
6000 [ JFi . 48 h J P 4H B Bk 19 A= K B anEl 8 i
JNo FE PEG-6000 ¥ & 4 10% I, NfwspA3 54 B
BRA: K A B i KA, J5 B PEG-6000 ¥ 5 35 i A2
TR TN BB AR 7E PEG-6000 ¥R R 10%
20% 1 30% HAE &L K Ak TR A, PEG-6000 ¥
FET T 30% B, X PR R AR A K o 2 T R 3, HoE
MERESRER, HAERK R — LT Nvspd3 EAEKA
[£ap7 8
2.6 BEEEMEDT

Tia) 1 20 KM FF TR AR B o K ZUBE T
Y ONPG, 7= A= B (4 1) ONP F= 9, U 5E ODo50
S5 5 e PG HE A R L TG ok 2.87, AL B K L
6712 113, HAH REHRAEE LGS ) W2 & X IR
FRCE 9), W] NfWSPA3 & (H1ETE R4 h BA
B- P FUM G G
3 it

FRE—AHEw mEE A E H T Y
FEIE A7 T e B RSl [ B R L A B
7K AR B33 U815 ) ot S AR il 1% 1 S5 TR
B RS T 55, LR EAE R YT
it 5 R 1 0T B 221 JE R b ) 58 i 45 2 it
ARSI L ) L FRs — e R RS T
TR SPE o DRI, T SO0 R R IR A 34 S T fig 43
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Fig.7 Growth curve of recombinant

strain under PEG-6000 stress
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N 5 5 363K 11 34 kD /N H OEE 11, Ko B H A T
osl - - T EA Y B- 2 UM NI P, 8 T xR
o5l T . 41, £ PEG-6000 K 8L+ 5 Wi T, NfwspA3 H 20

o 204l BRRA KRS B F XTI, T LA 60% B4 T YR B
5205l = PEG-6000 flif1 , B H R AT 050 . A5 Al
ol NIWSPA3 2 1% 5 T 4R 2k S0 1 R hif i
o1l ﬂiL%ﬁAﬁﬁﬁ&M%@wwﬁaﬁﬁﬁ%
o L M J57 %) 53 —F AL ) S G ase A% i R B AL T B A i A
0 10 20 30 40 50 60
PEG-6000i % (% ) PEG-6000 concentration EDIwil 8
* ZER L (P<0.05); **: ZE R B3 (P <0.01); FIH
*, indicates significant difference ( P<0.05 ), **; indicates significant SE M

difference ( P<0.01 ), The same as below
E 8 PEG-6000 f8 48 h FEMKHIEKE
Fig.8 Strain growth 48 hours post PEG-6000 treatment
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