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> , MYB
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(Mikami et al, 2013) MYB (Zhang et al, 2018), TaMYB (Arabidopsis
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(Pick et al, 2019),
(Li et al, 2012);
(Shang et al, 2018),
(Zheng et al, 2019)
(Ulva prolifera) ,

>

(Fan et al, 2014)

El

(Xiao et al, 2016) 2007

113 2

113 2

(Liu et al, 2015),

(Zhang et al, 2017, , 2018;
Zhao et al, 2019a) MYB
, MYB
, MYB
(Dubos et al, 2010),
MYB
MYB MYB44, UpMYB44,
PCR
UpMYB44
1
1.1
2020 7

(37.46°N, 121.71°E) ,

/2 , 20 °C,

90 pmol photons/(m?:s), 24, :
L:D=12h:12h 3d , 7d
1.2

5 d, 18 pmol
photons/(m*-s) @D, 90 pmol
photons/(m*:s) (m), 216 pmol
photons/(m?-s) (h);

5d, (L) 12,
M) 24, (H) 40,
20 g/L, 20 °C, :L:D=12h:12h,14d

, 3

1.3 RNA c¢cDNA

(He et al, 2018) Takara RNA

RNA , Thermo Fisher NanoDrop
2000 RNA
, Takara Reverse Transcription kit
2 ug RNA cDNA 1
14 UpMYB44 cDNA

(GenBank: SRX4552126, SRX5502767)
UpMYB44F/R, UpMYB44F: ATGAC
TTCCGAGGGGATGGAG, UpMYB44R: GACGAGCT
GCTCGCGGTTAAA cDNA s

2xHieff™™ PCR Master Mix (Yeasen)
UpMYB44 ORF , 50 uL PCR
2xHieff™ PCR Master Mix 25 pL,

(10 umol/L) 2 uL, cDNA 2 uL, 19 uL
ddH,0 50 uL. PCR 194 °C
5 min, 94 °C 30 s, 55 °C 30 s, 72 °C
1 min, 30 ,72°C 10 min PCR
10 pL 1% , Gel
Extraction Kit ( )

Hieff Clone® Zero TOPO-

Blunt Cloning Kit (Yeasen) ,
LB ,

, UpMYB44 ORF

1.5 UpMYB44
DNAMAN UpMYB44
; Expays (https://web.Expasy.Org/
protparam/)
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; NCBI CDD
(http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi)
; ProtScale
(http://web.Expasy.org/protscale/) UpMYB44

/ ; ExPaSy-SOPMA
(https://npsa-prabi.ibep.fr/cgi-bin/npsa_automat.pl?page
=npsa_sopma.html) ;

SWISS-MODEL (https://swissmodel.expasy.org/

interactive) UpMYB44 3D
1.6
Al-Muhanna  (2018) T4
UpMYB44 pET-32a (
0.1 pmol , 0.03 pmol ,3UT4
DNA , 1xT4 DNA ) 16 °C
12 h
Trans-T1 (Nde I, Xba I)

>

1.7 UpMYB44

Baneyx(1999) pET-32a+
UpMYB44(+)1 pL 100 uL BL21(DE3)
, 20 min, 37 °C, 220 r/min 1 h,
50 pg/mL Amp LB ,37°C
50 pg/mL Amp 3 mL LB ,
220 r/min, 37 °C, 4 h ,
ODgp(600 nm )= 0.6—0.8
s 1.0 mmol/L IPTG, 37 °C 220 r/min
4 h 2 mL, 14 000 r/min
> ) PBS , 2x
(sodium dodecyl sulfate loading buffer,
SDS) , 10 min
(sodium

dodecyl sulfate-polyacrylamide gel electrophoresis, SDS-

PAGE) , 0.45 pm ,

3 [ 25 mmol /L Tris( pH 8.0),
300 mmol/L NaCl, 10 mmol/L ] His
s His 50 mL

4°C 1h [25 mmol /L Tris ( pH

8.0), 300 mmol/L NaCl, 30 mmol/L ] 4

[25 mmol/L Tris ( pH 8.0),

300 mmol/L NaCl, 250 mmol/L ] 3

PAGE

1.8 UpMYB44
Xiong

, SDS-

(2019)

YFP-UpMYB44F/R, YFP-UpMYB44F: AAGAGA
CAGGATCCGAATTCATGACTTCCGAGGGGATGGA
G, YFP-UpMYB44R: ACCTCCGACCGGTGCACTA
GTGACGAGCTGCTCGCGGTTAAA

BamHI Sacl ORF R
T-blunt-UpMYB44
BamH 1 Sacl pC131-YFP
pC131-YFP DH5a
pC131-UpMYB44-YFP
pC131-YFP pC131-UpMYB44-YFP
GV3101 ,
50 pg/mL 35 pg/mL LB
, 28 °C 250 r/min
5 5 OD600
0.5—1.0 , 3h ,
28 °C 2d
, UpMYB44
1.9 PCR
He (2019) PCR
cDNA
PCR , PCR Hieff®
qRT-PCR SYBR Green Master Mix (Yeasen) ,
ASA-4800 Real-Time PCR ( )
, 18§ rDNA , 1
, 3 H-AACT
, Origin 8.0
(ANOVA) SPSS 21.0
, P<0.05 , P<0.01
1.10 UpMYB44 UpCPP5
Cai  (2016) Y2H Gold
, UpCPP5 PGBKT7-CPP5
100 °C
carrier DNA 5 min, 2 min,
) 1.5 mL EP | , 50 uL
+5 uL carrier DNA+100 ng +100

ng , 500 pL PEG/LiAc (8 mL 50%
PEG+1 mL LiAc+1 mL TE), 30 °C 30 min,
20 uL. DMSO, 42 °C 15 min, 800 xg
R 800 uL YPDA , 30 °C, 150 r/min,
1.5 h, 800 xg 5 min, s

1 min,
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F1 EHKAEE PCRETAY
Tab.l Primers used for quantitative real-time PCR
qUpMYB44F ATAACCAGCTTTGCCCCGACATCA
UpMYB44
qUpMYB44R GGGAGCGGGACAGGGATGTTGA
18SF ACCACATCCAAGGAAGGCAGCAG
18S rRNA
18SR TGCGTCCCACCCGAAATCCAAC
1 mL 0.9% NaCl R 150 puL , 30 °C , UpMYB44 42.68% o-
4 d, ; PGADT7- 8.16% 9.62%  B-
MYB44 , 39.54% ( 3 Swiss-model
UpMYB44 3D R
DDO R 5 mL > a-
DDO , 30 °C 250 r/min 16 h, (4
300 puL 50 mL DDO , 30 °C 250 r/min 2.3 pET-32a+UpMYB44
8—12h  ODggo 0.4—0.6; 10 uL
DDO TDO/3AT (15 mmol/L) QDO 30 °C » UpMYB44
3 d, : ’
DDO : TDO/3AT €9
(15 mmol/L) QDO , = 4 3 =
TDO/3AT (15mmol/L) 65 kD ( ) UpMYB44
( 6
2
ulva prolifera THIT RIARD AN AT ARAENACLRSNEEE 64
Chlorella vulgaris ~ EqgTrE@svve MISLIARSLGS. .. ... 55
2.1 UpMYB44 ORF Papaya GE TSHARATHVD EGNONAVOBHSG. . .. .. 8l 62
IL-I%US GELSTHANXIMTR ESLISRYIP....... 81 73
GHSP ELWEKEK LSLISESIP.......53
RT-PCR cDNA » PCR lplorlgglég nil GEY STEA DIMKK SLISESIE. ......G2 2}
, UpMYB44  ORF , Sinfowsr ozl Bl astas. Ll oy
1 437 bp 478 Consensus w o oed 1 3
’ ulva prolifera DIKXGHGTE 104
Genbank MW174238 Chlorella vulgaris SLEKXERSM 95
s L,Dafiya CLKRGHEITE! 1 ?:23
otu. NVEHRHISE.
2.2 UpMYB44 ;—Iibiscus i CVEHRBSTE g}
omoea ni EVEHRBTE!
NCBI MYB Igersf;'mmon NVEHRHISE 110
A
BLASTn UpMYB44 onsansus S - 107
MYB44 , ulva prolifera S AER FOS GHIRBLCDRAGGSSKPEPT 144
: Fapaya %" B e )
50.00 A)’ Loﬁjsy STLERR............. 140
Hibiscus STLERKCLYDGNLGG.... 127
Ipompea nil STLRRKYSAVIGSNE.... 117
45.00%—50.00% , DNAMAN UpMYB44 Sy il o SRR 1
Consensus wa a 1 grtdn kn wn
(D, MYB 1 UpMYB44 MYB
Expays
Fig.1 Multiple alignment of the amino acid sequence of
UpMYB44 478 ’ UpMYB44 and MYB transcription factors from other species
52.49 kDa, 6.15; CDD Ulva prolifera (Genbank : MW174238);
UpMYB44 SANT , Chlorella vulgaris (PRW44975.1); Papaya
R2R3-MYB(  2): ProtScale UpMYB44 (XP_021900987.1); Lotus (XP_010268609.1); Hibiscus
’ P (KAE8672586.1); Ipomoea nil (XP_019168759.1);
/ ’ UpMYB44 Persimmon (XP_011030579.1); Sunflower
; SOPMA (XP_021983625.1)
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1 50 100 150 200 250 300 350 400 450 478
Query seq. DNA bindinlg si; . . : . . . . : . . ; . : . . : . . : . . . . l . . . . l . . : ; . . ; : . i
Specific hits
Non-specific
hits
Superfanilies SANT superfanily
PLN0O3091 superfamily
REB1 superfamily
2 UpMYB44
Fig.2 Prediction of conservative domain of UpMYB44 protein
M=l
100 150 200 250 300 350 400
50 100 150 200 250 300 350 400
SEBHE (M)
3 UpMYB44
Fig.3 Prediction of secondary structure of UpMYB44
; : ; s o- ; : B-
kb M1 2 3 4 5
116.0
66.2
45.0
35.0
250
4 UpMYB44 18.4
Fig.4 Predicted 3D structure model of UpMYB44 protein
14.4
kb M 1 2 3 4 5
116.0
6 UpMYB44 SDS-PAGE
66.2 Fig.6  Purification of UpMYB44 protein by SDS-PAGE analysis
45.0 :M: (14.4—116 kD); 1: ;
2: ; 3, 4: 30 mmol/L ;3 5: 250 mmol/L

35.0

25.0

18.4

14.4

5 UpMYB44 SDS-PAGE
Fig.5 Identification of UpMYB44 protein expression by
SDS-PAGE analysis
:M: (14.4—116 kD); 1: pET-32a ;28
;3: ;4 ;58

2.4 UpMYB44

pC131-YFP |
pC131-UpMYB44-YFP s
5 marker
UpMYB44
s MYB

7)
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Bright light

35:: UpMYB44:: YFP

35:: YFP

7 UpMYB44
Fig.7 Subcellular localization of the UpMYB44 protein
1 35:: UpMYB44:: YFP: pC131-UpMYB44-YFP; 35:: YFP: pC131-YFP
(UpMYB44- YFP) NLS-RFP (NLS, ) (Bright light) (YFP) (RFP)
(Merge)
2.5 UpMYB44 10+ L *
ol RZZA M (control)
H
8 -
UpMYB44 .1
, , 18 pmol % 6l /
photons/(m*s) UpMYB44 g Sr
aD L
, , UpMYB44 = ;
( 8), UpMYB44 216 pmol PYRE
photons/(m*-s) ; ) 1 i /
U O n 1 n L 1 n :
, UpMYB44 , L M H
UpMYB44 40 , UpMyBa4
12 9 9 UpMYB44
Fig.9 Expression analysis of UpMYB44 under three salinities
1.8 w stresses
16k | :L: s M: s H:
B3 m (control)
1.4 h
- 126 2.6 UpMYB44 UpCPP5
210 MYB
E 0.8 STRING UpMYB44
Y ,
0.4 UpMYB44
02 , UpCPP :
0.0 . [RRZRRRK 1 A A
m h UpCPP5 R
UpMYB44
R PGBKT7-CPP5
8 UpMYB44 3- -1,2,4 (3AT, 15mmol/L)
Fig.8 Expression analysis of UpMYB44 under three lights Y2H Gold
stresses ’

1 ;m: ; he s PGADT7-MYB44
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PGBKT7-CPP5 ; ,  TDO/3AT (15mmol/L) , QDO ,
HIS3 , UpMYB44
10)

10

1072

107

RREE

10

TDO/3AT (15 mmol/L)

10 UpMYB44  UpCPP5
Fig.10 Verification of UpMYB44 interacting with UpCPP5
: 1: Y2H [PGBKT7-CPP+ PGADT7]; 2: Y2H [PGBKT7-CPP + PGADT7-MYB44]; +: Y2H [pGBKT7-53 + pGADT7-T]; —: Y2H
[pGBKT7-lam + pGADT7-T]

3
MYB ( ’
2015) UpMYB44
(Lea et al, 2007)
ZmMYB3R ’
(Yin et al, 2017), NtMYBI5 ' ’
(Wu et al, 2019),
AtMYB74 Ry
(Xu et al, 2015), MYB
(Kaspar et al, 1999) ’ MYB
: MYB MdMYB23 MdBT2
UpMYB44 UpMYB44 (An et al, 2018), AtMAPK3P
MYB , R2R3-MYB , MYB ’
MAPK ,
(Zhao et al, 2019b, ,2020) (Giri
et al, 2014)
(Arai et al, 1991), ,
(Lvo ef al, ;i\ rvpas CPP ,
2011), (He et al, Genbank ’
2020) » UpMYB44 UpCPP5 CPP tesmin/TSO1-like |

>

) (Yang et al, 2008), TSOI1
> (Liu et al, 1997),
R2R3-MYB ,
) (Andersen et al, 2007),
Myb-p1 ,
(Gong et al, 1999),
StR2R3-MYBI MYB , “ ”?
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>

, (Hiraoka et al,
2008),
(Yu et al, 2017; He et al, 2019),
(Qu et al,
2020) )
MYB CPP
4
, 1
R2R3-MYB ——UpMYB44 ORF
, GenBank
MYB ,
, UpMYB44 R
UpMYB44  CPP UpCPP5
> > , 2018.
,40(2): 1—13
s s , 2020. MYB
ReWER-like , 34(6):
1144—1151
R s ,2019. GhMYBS52
,31(6): 505514
> > , 1998.
, 17(2): 40—43
> , , 2017. MYB
GmMYB010
,39(3): 281293
s , 2015.

StR2R3-MYB1
( ), 41(4): 378—384
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CLONING AND EXPRESSION OF THE UPMYB44 GENE IN RESPONSE TO
LIGHT AND SALINITY STRESS IN ULVA PROLIFERA

HE Yuan, YANG Juan-Juan, SHEN Song-Dong
(College of Biology and Basic Medical Sciences, Soochow University, Suzhou 215000, China)

Abstract To prove that the R2R3-MYB transcription factor plays an important regulatory role in the process of Ulva
prolifera responding to abiotic stresses such as salinity and light, quantitative real-time PCR, yeast two-hybrid system,
subcellular localization, and other technologies were used. A 1 437 bp full-length sequence of open reading frame (ORF) of
UpMYB44 in Ulva prolifera was obtained, encoding 478 amino acids. The amino acid sequence was analyzed using
bioinformatics methods. Results show that there was a typical R2ZR3-MYB transcription factor and it was found located in
the nucleus trough transformation of Tobacco leaf. The UpMYB44 gene responded to the low light and high salinity stresses
of U. prolifera by increasing its relative expression. Meanwhile, the UpCPP5 protein interactive with UpMYB44 was
found, and this protein was related to the growth and cell division of U. prolifera. We speculated that UpMYB44 might
interact with UpCPP5 and form a protein complex with which the proliferation of U. prolifera was promoted. This study
enhanced our understanding of the MYB transcription factors in regulation, growth, and development of the algae, and
provided an insightful idea for studying the rapid growth mechanism of U. prolifera.

Key words Ulva prolifera; UpMYB44; transcription factor; light; salinity; rapid growth



