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, 12L:12D, 10°C
DCP1, (Xu et al, 2012) Scm, 2L
PtrMAPK , 3—5
, PtrMAPK , =8 0 10 16 24°C 4h, 10°C
(NtSOD NtAPX NtCAT
) , 30% 70% 80% 30min
, MAPK 3 , 1
ROS .
F1 FMEFPAELEEMY
(Huang et al, 2011) Tab.1 Different treatment conditions of P. yezoensis
MAPK 1’5 ( ) 33 , 10°C, 4h
MAPK , MAPK 11 30%
, TEY TDY ’ 30% , 10°C
TAY TQY TTY TSH TAH TQA 70% 0% 1oec
MAPK PyMAPKS , 80% 0% 10°C,
, 30min 33 30min
PyMAPKS : goc 13 _8oC, 4h
PyMAPKS5 )
0°C 33 , 0°C, 4h
16°C 33 , 16°C, 4h
1
24°C 33 , 24°C, 4h
1.1
1.1.1 (Pyropia yezoensis) RZ 1.2.2 RNA mRNA
5 RNA
1.1.2 Y2H Gold , BD RNA ,
pGBKT7, AD pGADT7, Oligotex mRNA Midi Kit mRNA
pGBKT7-53, pGBKT7-Lam, pGADT7-T(
1.2.3 cDNA (Uncut )
1.1.3 RNA CloneMiner cDNA
(OMEGA, ): RNase-free DNA , T4 cDNA attB1
(OMEGA, ): DNA , cDNA
( «C ) ): cDNA
( ( ) ): Clone Miner II 1.2.4 Gateway ,
cDNA (Thermo, ), FastTrack BP , cDNA
MAG mRNA (Thermo, pDONR222 R
PCR (Thermo, ): SD/-Trp DH10B , 37°C
, SD/-Trp/-Leu , SD/-Trp/-Leu/-His/-Ade 250rpm 1h,
x-a-gal, AbA (Clontech, ) 10pL 1000 ,  S0puL LB/Amp
1.2 ) )
1.2.1 RZ 96 PCR , ,
, 35—45umol photons/(m2~s), (D
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(CFU/mL) = /

= e
(%) = PCR
x 100%
1.2.5

(mL), (1)
/PCR

, pGADT7-DEST

LR 1.2.4

20% ,

1.2.6

BD pGBKT7
PyMAPKS5 OREF,

BamH 1  EcoR 1

pGBKT7- F:
PyMAPKS5S CATGGAGGCCGAATCCATGCAGCCTGCTGCGGCT

R:
GCAGGTCGACGGATCCCCGCAGACGCTTCAGTGC

In-Fusion PyMAPKS5
) DH5a ,
LB/Kan ,

> >

, —20°C

1.2.7
Clontech Yeastmaker TM Yeast Transformation System
2 , YPDA
Y2H Gold ,
0.9% NaCl,
100puL SD/-Trp/-Leu, SD/-Trp/-Leu
/x-a-gal/AbA , SD/-Trp/-Leu
, SD/-Trp/-Leu /x-a-gal/AbA

SD/-Trp/-Leu
30°C ,
(optical density, OD)
, pGBKT7-PyMAPKS

F2 BENRATHEUIBTMLER

Tab.2 Expected results of yeast two-hybrid co-transformation

pGBKT7-PyMAPK5 + pGADT7
pGBKT7 + pGADT7( )

pGBKT753+pGADT7-T( )
pGBKT7lam+ pGADT7-T( )
1.2.8
, 1.2.7 , pGBKT7-
PyMAPKS: =2:1 ,
10mL 0.9% NaCl, 10ul 100
SD/-Trp/-Leu ,
200uL SD/-Trp/-Leu /x-a-gal/AbA
, SD/-Trp/-Leu Trp  Leu
) Trp Leu ,
AURI-C  MELI,
AbA( ) s o
s x-0-gal ,
, SD/-Trp/-Leu /x-a-gal/AbA
30°C 5—7
2—3mm ,
SD/-Trp/-Leu /x-a-gal/AbA
, 8h
PCR,
1.2.9 GO (Gene Ontology)

cDNA
, (www.omicshare.
com/tools) GO ,

1.2.10
RZ

(https://www.ncbi.nlm.nih.gov/sra/?term=PRINA23
5353), ( ,
20% 30% 40% 50% 60% 70% 80%, 50%

30min, 80% 30min 80

60min) s
1.2.11
tubulin light-

harvesting protein II photosystem 1I
protein , PyMAPKS
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2 LB N B
2.0x10'CFU: 96
2.1 CDNII:NA PCR g8 91.6%,
’ , ( 2
1, , RNA ,
100—300ng/uL , A260/280  1.9—2.0, ’
A260/A230 2.0—2.2 : 8 pGADT7-DEST LR ’
RNA ; mRNA FmRNA - pH10B, 37°C 10uL 1000
0.5—2.0kb R , ’ 50uL LB ’
15ng/uL, 3ug, , 1.44x10"CFU
M 1 2 3 4 5 6 7 8 96 PCR , 8 91.6%,
¢ 3), 10
: 10° ,
2000bp
1000bp
15000 2.2 PyMAPKS5
250b
7000 PyMAPKS5 pGBKT7
1 RNA 1
Fig.1 1% agarose gel analysis of RNA under different treatment Y2H Gold , SD/-Trp/-
conditions °
: 1: =8°C: 2: 0°C: 3: 16°C: 4: 24°C: 5: L 6: 30%: 7: Leu  SD/-Trp/-Leu /x-a-gal/AbA 30°C
70%: 8: 80% 30min 3—5 SD/-Trp/-Leu
, SD/-Trp/-Leu /x-a-gal/AbA
cDNA pDONR222 BP (4
DH10B, 37°C SD/-Trp/-Leu 35
10uL 1000 ,  50pL
M 1 2 3 4 56 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23
2000bp
1000bp
750bp
500bp
250bp
100bp

2

PCR

Fig.2 PCR identification of inserts in the primary library

: M: DL2000 marker: 1—23:

1 2 3 4 5 6

3

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 M

2000bp

1000bp
750bp

500bp

250bp
100bp

PCR

Fig.3 PCR identification of inserts in the secondary library

: M: DL2000 marker: 1—24:
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SD/-Trp/-leu |
SD/-Trp/-leu [}
/x-0-gal/AbA
FEMERTER FRIMEXTER mE SKIRE
4 pGBKT7-PyMAPKS5
Fig.4 Self-activation assay of pGBKT7-PyMAPKS bait protein
SD/-Trp 24h, OD600, 3 .

0 5 10 15 20 25
B8 (h)

5 pGBKT7-PyMAPKS
Fig.5 Toxicity test of pGBKT7-PyMAPKS bait protein

2.3 PyMAPKS
pGBKT7-PyMAPKS

Y2H Gold , 100 SD/-
Trp/-Leu s 3—5
209 1.25>=10*CFU/pg
SD/- Trp/-Leu/x-
a-gal/AbA s 37 s
6: PCR , PCR
7,
500—2000bp,
26
2.4

,26

6 PyMAPKS5
Fig.6  Positive colonies screened by PyMAPKS

M 1 2 3 4 5 6 7 8 9 10 11 12

7 PyMAPKS PCR

Fig.7 PCR detection of yeast colonies screened by PyMAPKS
partial candidate interaction
: M: DL2000 marker: 1—12:
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#=3 PyMAPKS THMERENFERE D
Tab.3 The sequence of positive clones of PyMAPKS5 and the
analysis

Py06157.t1 2 hypothetical protein
Py05333.t1 2 alanine-glyoxylate aminotransferase
Py04248.t1 1 tubulin beta-4B chain isoform X1
Py06259.t1 1 hypothetical protein SDRG
Pp03902.11 1 glrl;)tteoiiystem 1II 12 kDa extrinsic
Py02495.t1 1 Haml family
Py02924.t1 1 predicted protein
Pyl1159.t1 1 light-harvesting complex protein
Py06810.t1 1 light-harvesting protein
Pyl1123.t1 1 GDP-D-mannose
I
Py03379.t1 1 integrin alpha-D
Py06158.t1 1 hypothetical protein
Py04108.t1 1 AMP-activated protein kinase
Py10293.t1 1 acid-thiol ligase
Py03784.t1 1 GTP-binding protein
Pyl10177.t1 1 hypothetical protein SOVF
Py02555.t1 1 hypothetical protein AURANDRAFT
Py03593.t1 1 hypothetical protein BRAFLDRAFT
Py03097.t1 1 hypothetical protein Gasu
Py08028.t1 1 hypothetical protein PLEOSDRAFT
Py05176.t1 1 PhosphomethylPyrimidine synthase
Py09446.t1 1 hypothetical protein EMIHUDRAFT
Py03353.t1 1 vacuolar ATPase subunit DVA41
Py03374.41 | s;:)ll;llanr to Ubiquitin-60S ribosomal
Py00802.t1 1 hypothetical protein M40SDRAFT
2.5 GO
PyMAPKS 26
GO ( 9,
( 3-
, Haml1 ), ATP
(ATP AMP II
), ( -60S
):
(GTP GDP-
p X3 )

AMP
a GTP
), ( SDRG -
) GTP PyMAPKS5
2.6
PyMAPKS
(9 , 3 , 13
, 11 AMP
3- GTP
: 8
(10%—30%) ,
s Gasu -
ATP 5
, 60%—80%
- Haml
2.7
tubulin
light-harvesting protein 11
PyMAPKS s
107" 107 107 SD/-Trp/-Leu/-His/-
Ade/x-a-gal/AbA , 10
PyMAPKS ,
3
MAPK ,
MAPK
(Zhang et al, 2018) PyMAPKS
, MAPK )
MAPK ,
Invitrogen
cDNA ( 1.44>10'CFU),
cDNA (2.9%<10°%) (1.7><10%)
(2.56><107) (Singh et al, 2012; ,
2013; ,2018),
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Fig.8 Gene ontology annotation of PyMAPKS candidate interaction protein
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Fig.9 The expression profile of PyMAPKS interaction protein gene under water stress



1278

50

Mot

FRIERIIR

tubulin+MAPK5
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photosystem Il protein+MAPK5

10 PyMAPKS
Ade/x-a-gal/AbA

SD/-Trp/-Leu /-His/-

Fig.10 One-to-one verification of PyMAPK2 candidate
interaction protein on the SD/-Trp/-Leu /-His/-Ade/x-a-gal/AbA

26 PyMAPKS5
GTP AMP
I PyMAPKS5
B-tubulin ,

et al, 1999; Inoue et al, 2007)
MAPK
(Blume et al, 2008)
579 ,
(Sasabe et al, 2006):

)

(Volkmann

, MAPK/NTF6
NTMAP65-1
M
AtMAPK4

(Zeng et al, 2011; Hoehenwarter et al, 2013)

SIMK,
(Sangwan et al, 2002)
PyMAPKS5 ,

B

al, 2009) MAPK

B

tubulin
PyMAPKS5

(Lee et

MPK4

H,0,, (Liu et al, 2007):
, PSII (Gawronski et al, 2014) ,
MEKK1 MPK4
, MPK4
, (Pitzschke et al, 2009)
MAPK
11 PyMAPKS ,
PyMAPKS5 s
ROS , )
PyMAPKS5 s
BIFC Co-IP ,
PyMAPKS
MAPK
, MAPK
cDNA
s PyMAPKS5
, 26 , GO
11 PyMAPKS5 ,
PyMAPKS5
> , , 2013.
cDNA
, 43(5): 556—560
, 2018. cDNA

b s
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CONSTRUCTION OF A TWO-HYBRID LIBRARY OF PYROPIA YEZOENSIS AND
SCREENING OF PYMAPKS5 INTERACTION PROTEIN

DONG Dao-Ying, KONG Fan-Na, CUI Zheng-Cai, SUN Bin
(The Key Laboratory of Marine Genetics and Breeding, Ministry of Education, Ocean University of China, Qingdao 266003, China)

Abstract To understand the downstream interacting proteins of mitogen-activated kinase family PyMAPKS and its
biological functions in Pyropia yezoensis, we screened the interacting proteins of PYMAPKS by yeast two-hybrid. Total
RNA of P. yezoensis under a different temperature and water stress was used to construct the yeast cDNA library with the
Invitrogen system. The resulted storage capacity was 1.44x10'CFU, and the recombination rate was 91.8%. In addition, we
screened the total 26 candidate proteins interacting with PyMAPKS by co-transformation method. The candidate proteins
were focused on photosystem II related proteins, light-harvesting proteins, tubulin, ATPase, GTP-binding proteins, and
hypothetical proteins. At last, we one-to-one verified the reliabilities of three candidate proteins (including tubulin,
light-harvesting protein, and photosystem II protein). This study may help clarify the relationship between PyMAPKS and
its interaction proteins and lay a foundation for the analysis of downstream mechanism of PyMAPKS.

Key words PyMAPKS; Pyropia yezoensis, yeast two-hybrid; interacting proteins; adversity stress



