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PR Yo HY e R il TR ) e B B SRR RRAIE . i R i Jig

WEE IXE & & L% HRE4LE #ERY
(BEFER2EK 2B EIT 361021)

mE L AR %$%%%%®ﬁﬂmﬁ%Fﬁﬁ%Mk*Kﬁ%ﬁ%%ﬁ RHFR IR R FE
(Pyropia haitanensis) iy # % #f ¥4, KA % PCR &K R w B35 2 K 3n % 8y SHMT 2K LA F 71,
5l 4r 4 K PhSHMT-1(GenBank Y4 5% 5 : MF687405)# PhSHMT-2(GenBank & 5 5 : MF687406).
Hd, PhSHMT-1 /7% 2K 1710 bp, &4 —A> 1491 bp By Fr ik 42, Frée 0y % k& 4 497 M4&,
B, 2 FEH 121.443 kDa, % 5 W 4.93; PhSHMT-2 77| 4K 1957 bp, &4 —4 1395 bp 0y
T FEAE, TR % ka4 465 NEFER, 2 FE N 113.969 kDa, % # &K 495, £ 77|t
XA % G B AL A 2 B A PhSHMT-1 1 PhSHMT-2 4 # JE T SHMT 3£ % #k ., qRT-PCR % &

AMEREN, BEMEAET,

24 PhSHMT HE Rk X AR5, HXA N L LB THE

FLEREMmAEY, XU SHMT & B W7 2 37 5 3 A4 I i s 18 o KA 1E Ao

KA

hE SRS S968.43+1 XEKFRIEFL A

24 G R F2 W 3L 5% F% il (Serine  hydroxyl methyl-
transferase, SHMT)(Schirch et al, 2005)] Z fF7E T A
AR AR AZ A Y, T8 = SEAE Y 09— B Ak & P A sy
HUOCIE I ot 72 A 455 2R, HEZ R N
JoT RS Y 2R ) G AR I T 2R, JF A2 B N5 N10-1F
FF 5L Y &R (MeClung et al, 2000), PO S MR S AH )
KNS5 Cl R B2, Jf BAEm Y
FENFIR R % 5 H AR (Bekaert et al, 2008), &
B BE P SR 25 T DNA Fll RNA (95 1, JF:
TEN F DU SRR SR B A E TR, PRl — R A %
fb, AR S-METT H B 2 R (S-adenosyl-methionine,

FEE;, B, 2E8REFEELE, BHE; ERTR
XEHS 2095-9869(2018)05-0122-08

SAM), MIME#%25 DNA [ H #iLd#(Du et al,
2017), FEHYIFESR/> SHMT B, 23 %4 M 5 A4 K 4E
R, AT, A FREEN, SHMT fFEEYHHIE
AW a R A VR BN, A BEH O
TE bR IEEA P E L PUAAR], A e H K8 A R =
M FH & 2 (Graham et al, 1997; ZEEHEZZE, 2003),

Graham 55 (1997) %] 47 4 76306 5% JBih 38 T 2 e H K& AR
PG R IR, SHMT SN S5 T Pt #2374
HAMR., ZHESEQ003) NN, FEWEM&UT,

FSEE IR ASA AT IR IR SCHE A2 5 Huai s, 1 H
AT LA S 5 H 2R 0 A R T A B H R B 3

* REE ARBE RS (A57)(201412260001) % B [This work was supported by the Natural Science Foundation of Fujian
Province, China (Outstanding Youth Fund) (201412260001)]. #k#i#, E-mail: 414350177@qq.com

O WIEE: HHE, #d%, E-mail: ctxie@jmu.edu.cn

Wk H 351: 2017-08-08, W& wcks H 1A: 2017-08-29



555 MBS Jn %

S 22 5 IR 8 WP R B L IR 14 e 2 B 3R AR 123

Ao AN, WHUFEEIT SHMT RAMARBIFE R, 0
il SHMT JE K By 2R3k , A ARASPT AR A= Wik 1Y) g )
EH TR, W52 38 1912 % (Moreno et al, 2005).,
P TT L, SHIMT 35k A 78 A5 0 1) 396 35 Pl 17 225 vh 2
HEZEWNIEM . FIk, OF58ise e 504 ik
SHMT S A i 22 38 48 b 3 I F o L 92 b, J& 4t
WAL TR 0 — A T ],

17 %8 3% (Pyropia haitanensis)J& 3% [ /g 7 Wy i)
LARIG RGPz —, s b e E S0 0
B 70%LL F (2B, 2011), 3728504 1% 70 1 )4 1Y
s D, IR, IR SRR IR S B R TR
Mok S L L SR KR R A AR R 1 3 1
o B FAFFRERIR, MRS B T IR K
FL390 55 36 19 BE J1 (Blouin et al, 2011), Ak, IT4EK
32 B ARG AS W (520, K KR st v ™ E S e
R B MM (Xu Y et al, 2014; ZFiE
4, 2013; FKIGAF, 2011), Kk, FSEIR 30090 i
ML, SEREPTERARSCIE N, X F 5 s ) 240
VEYIL I 5L R TR A 58 oA 4 2 i B (e
MAPRE X o HAT, o 7E KB 3 v pe 4R 1S
SHMT HEEEH I T, 58 SHMT SR 7E 3T = iR
A5 300 A5 J 2 S A ] K FEAE T, X T 9 KA S AR
P30 358 i 300 1) 7 — ik Ak B P AR S RO 0 i AR Ak - 43
W RIS SERE AR T 2 SIR 2838 SHMT SL[R 1 4
£, I 5 S92 6 2 & PCR(Real-time fluorescence
quantitative PCR, qRT-PCR)H R/ #Hr SHMT JE K 7 1=
T A T B KO AR, A FEE TIn L8 R
B, i H AT R SR B ML R AR S

1 #MH5FE
11 SRS R R G 41

R S 5 v BT SR FH %) S 56 AR AR A R SR
FhBREIREE , Z-61 fh RSN THFA AT
35 28 5T = T 26 3R (PR B AR 5%, 2008) . IEH &F T
W MIR 538 Z-61 MR H T 5 RNA MUHRER, [t
S cDNA 5 HEA7 A1 5 3L R 9 4 1 v o $ 0045 1 ik
piE TR FRE Z-61 MR R RNA, TR kK
“F-# qRT-PCR 7347 -

IR Z-61 MRRIRIY IE 7 8532 5500 SR
(21.0+£0.5)°C, YeHEIREE 50~60 pmol/(m*s), JHRJH
9 121 : 12D, 4 48 h B — OB (1) RS FR
PR IH R BE RS 9% = (1642) em B, 8 U 1 SE 9
Tot i HA RO A7 0 SR AARAE R SE B0 A1 KL

IREE Z-61 MRKR By i 8 5 7 45 1 B (16+
2) em FOMERESEAR, 4351 F(31.0£0.5)°C [ 1E IR L A RS
FERE AT R 0 AL B AR R SR AR RS EL 25 A
B AL FERTE A 0, 3. 6. 12, 24, 48, 96. 144 h,

1.2 SIYIRERFT

SENFHIRY PCR 473 | BH A v I O 16 AN ] Jip
SRS NE YIS E 3 O oy I I IR 7/ )s I BN ti N ]
1A A PR Rl A (R 1.

1.3 HE RNA WO B4

FHIEARI T35 RS0 R KI5, FREL 0.1 g ik
T4 RNA #2HL, 4 RNA #HCR E.ZN.A Y
RNA £ HUA7F] & (OMEGA, f5[E), ArEHA 2 RNA

®1 LRPFAASY

Tab.1 Primers used in the experiment
HH Gene 51951 Sequence(5'~3") A Purpose
PhSHMT1 F: CCACAACGTCCGCCTTCAAC SE B HT QRT-PCR
R: CGATTGGCTCCTTGCTGCAC
PhSHMT2 F: TGATGGAGGCTGGCTACACG
R: ACACCGCGTTCTTGTTGAGC
PhSHMT1 F: CACACTCGCCCACCAATG 38 PCR
R: CCCCACTTCCGTCTCACTC
PhSMHT2 F: GTTCATCCACGCCCGACA 38 PCR
R: TGCTCCGCACCTCACAGA
PhUBC F: TCACAACGAGGATTTACCACC N2 Internal control
R: GAGGAGCACCTTGGAAACG
M13 F: CGCCAGGGTTTTCCCAGTCACGAC FHM: 7 i 1€ Validate of positive clone
R: GAGCGGATAACAATTTCACACAGG
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2 )R %539 %

) ¢ R P T B L Yk A TR A, IR Cary50 %
A3 966 BE T (Varian, 32 [E) 43 51 E  ODago am 1
ODogo o TH o FRFE I 72 235 SR 140 T A% T8 18 14 o A9 95 4
TGO, JFHE AR HUY RNA VR

1.4 PhSHMT EEMLKEE

MR 32 55 50 7 S 21 B4 i (GenBank % 5% 5
GFOMO00000000)unigene HIERELEH, ikl 2 441
T4k o 4k A X3 (Chondrus crispus)SHMT 2 X A
unigene(Cluster-3452.15441, Cluster-3452.16340)/F%%1,
HEAT PhSHMT JE (K i) 5 [ 38 i Blast J3 51 L X 23 4)T
K I Unigenel5441 T L5 PrgmihFE A 5 v i i 2 65
TR 3R, I, MRYE Unigenel5441 11
JEHN I E PCR 51471 914 S 903 1); 1
X} Unigene16340 #£47 Blast tbXF, A EMOAET T
5' v iR 0 3 2 R RS T, P, [RAEAR A
Unigenel6340 J¥ 51511338 PCR 59177514 4
ISUE(E 1)o R PCR A X 15538 SHMT 3£
HEAT SR o 3G 7 ) 2 TR R I P, Dk I el P Y
DNA itk a1 ik 5] & (TIANGEN)X H 4 F Be 47 [l
W, 5 pMDI9-T #/4(TaKaRa)i% 3 )5 5 A2 540
Jitl E.coli DHSa H, i %6 4 BH P4 s B I EA TR 5 57
S BRE /N 7] 2 (TIANGEN) £ WU b J5 27 2% J5
FTEA T AR TR BRA WL o ARG P4 5, 2k45
24~ PhSHMT 3£ [H 4 K F51)

1.5 PhSHMT BEEREYMEEFZDH

S A AR A . A NCBI [ Blastn
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) #2 J¥* Xf it 3K 15
(1) PhSHMT 424 & K] J  EA T 4G

FF 7 5 52 4E (Open Reading Frame, ORF)73#T: 2K
H ORF Finder (http://www.ncbi.nlm.nih.gov/gorf/gorf.
html) KR53 AT PhSHMT 5 (K] (14 I Jil 15 5 A LA B HC e
b B ELIRIT ) .

& BT S — G o bl R 2R

ExPASy ProtParam(http://web.expasy.org/protparam/)
I3 HT PhSHMT i DA iy 25 i) £ 149 Jot F) — 2

e SPORE RTINS F B T IR SR L
PredictProtein(https://www.predictprotein.org/) 45 At
PhSHMT K& A it 2 i 25 14 5 1) — 2R 4544

A LA S0 SRR TMHMM
Serverv.2.0(http://www.cbs.dtu.dk/servicess TMHMM/) 43
Hr PRSHMT 25 [X it 24 % £ 1 JSOR: 15 77 1 25 45 R

V. A0 A T - 3 AR R E WOLFPSORT
(http://www.wolfpsort.org/)Xf PhSHMT F& A JE47 7 4

JH 5 A5 T

KM ClustalX 172 /R £ &7 5 et , IF% H
MEGA 6.06 5 K ALSR % (Maximum Likelihood,
ML)} PhSHMT 25 FH R G AL .

1.6 PhSHMT EERIA/KTEH gRT-PCR %7

WAEC RN PhSHMT REFEF 5580 =
PCR 51¥)(5& 1), JFLL PAUBC 1 RN S EEN , 43 ik
AT PhSHMT FE AR i iae 2500 T 3L ik K- 1)
qRT-PCR 43#7 .

PEHL ARG S RNA #2 PrimeScript RtreagentKit
(TaKaRa, Ki#)HFiAEK RNA 55 cDNA & i
AR . qQRT-PCR ¥ 34 L 1046 FE G FEAY cDNA AR R
AT, T HAE PhSHMTL, PhSHMT2 Fil N 2 5L K )
PR 2. BN ik 3 4 FAT7R fL. iE it SPSS 19.0
H1 Excel #R X 52 50 e 24 8 AR AT g1 b, IF
KB & J7 22431 (One-way  ANOVA) Fllf5e /)N i
Z 515 (LSD) He B A [ B 41 (R 1 22 5% (P < 0.05 FR’/n
ERBE, P<0.01 FRWEEER).

qRT-PCR #1411 20 pl KW AKF : 10 pl 2xSYBR
Premix ExTaq™ Il (TaKaRa), 6.8 ul ddH,O, 0.4 ul Rox
Reference Dye | , 0.4 ul IER FGIHH 2 pl 5% =
Y, PIFER . 95°CA8PE 30s; 95°C 55, 60°C 31,
40 MEHR . TEHRLEFRIGN SSCTEETHREZE 95C, 4
HiliEs i 2. qRT-PCR ¥ H#47F 7300 75 & PCR X
(ABI, EH)L#17.

2 ZRESWH
21 PhSHMT EEMEKEERFIIDHT

PIIZ4E3E Cluster-3452.15441 MO %3], Wt
W3l PCR §34 Fi P 35459 — 2% 1710 bp (3£ H 751
(1), Z3d Blast HeXT, #f&1%3E H Hin 300
PhSHMT %M, 44 PhSHMT-1, iZ 3N E 2285
GenBank %4, Wsk5 0 MF687405, i ORF
Finder 7ELRRMF M LB, Z%FEH 107~1598 AMHd Ik
R SEEE R TR EAE . FH ExPASy ProtParam f2)7
HEAT— A5 I3 M R B, PhSHMT-1 g fih () 45 1 o4,
497 MNEIER, T AN CazsHeorsN 1490401762450 5
Iy TN 121.443 kDa, FRIEZEHL SN 4.93, AaE
RECH 4877, NRNIRECH 17.60, B8k E K
0.807. i il Predict Protein 27 Fiill PhASHMT-1 () —
PR R BRE(H) . A2 B)FIERR (L) I 2 L R %
FE 5 BRI L) 23 W N 43.46% . 12.68%F11 34.00%
TMHMM ARG e BRI 8 1 TC S B4 ks, 41
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Jii 5 13 5 F WoLFPSORT Fiiill PASHMT-1 22 fv T2 i
i,

DIZ 25K Cluster-3452.16340 J %075, i@t
H3E PCR & A FIN ¥ 345 — 2% 1957 bp HYEEH T3
(E 1), Z3d blast HXF, #5035 K IR %280
PhSHMT £ K, 44 PhSHMT-2, %3 K B 452 5]
GenBank $E ZEHd, U5 MF687406, it ORF
Finder TEZREMo T &I, 1%L 269~1664 - I
H5EHEH) ORF, i | ExPASy ProtParam &y i1 —
REER IR R IE, PhSHMT-2 3 [K 4 i A 25 1 60 1
465 /I\/Q%@ﬁ, ﬁ?ﬁj‘j C3992H6588N13980167OS408v é}
T M 113.969 kDa, BEEEH LN 495, AMEER
BN 51.09, 515 R ECH 17.60, B K E 4 0,775,
8 id Predict Protein 27 #ililll PASHMT-2 (1) —- 2 25 #4)
HRL IR E (H) 2 (B)FIERIR (L) 1 2 SR FR 6 4
SIERR L1735 R 43.23%% . 16.34%%H1 29.46%% .
TMHMM PRGN & B, % A S R SE R4, T
20t 72 132 4K A WoLFPSORT Fiiilll PhSHMT-2 5& i T4
2 el

Bl 1 PhSHMT & [K 5o b > i ik
Fig.1 Agarose electrophoresis of PCR products
of PhASHMT genes
1: PhASHMT-1 #3# PCR ¥ 1 7=4); 2: PhSHMT-2 {%if PCR
P iy M: DL2000 DNA marker

1: PCR products of PhNSHMT-1; 2: PCR products of
PhSHMT-2; M: DL2000 DNA marker

ZIF 5 X eE S, PhSHMT-1 Al PhASHMT-2
B FEE R, HAREAT SHMT FGARA IR SF4
¥, 78 PhSHMT-1 #1 PhASHMT-2 J3 1) 34 & 38 1w
PR N e P (9 25 A a5 (1] 2), BB SHMT 2 DA R it
o B A A S Bl AR 1T S g 1Y o

PhSHMT-1 MAGAMRLFRAAAAPAMPSLRRHLSATPVAARNASRD | ASMNAPLSEVDPDMAA | | ENEKK
PhSHMT-2 ——————————————MAECYADGDYAESFAG-——FAGNRPLADVDPEMAAL | GREKR
. * *, o %k ok - dkk o dokok ok kk

PhSHMT-1 RQTRGIQL | PSENFTSQAVMQAVGSVMTNKYSEGYPHKRYYGGNEF | DGSEELCQQRALA
PhSHMT-2 RQFEGIEL | ASENFTSRAVEETLSSCFTNKYSEGQVGARYYGGNEV | DDMEALVQARALE
dok ok dok cloklokkok ok - - -k okolokekokok sokdokoolok k- ok k %k skokk

PhSHMT-1 AFRLEPERWGVNVQALSGSPANLAVYTGLLKPHDR I LSLDLPHGGHLSHGFMTDKKRVSA
PhSHMT-2 CFGLNASEWGVNVQPYSGSTANFALYTG | LQPHDR IMGLDLPSGGHL THGFYTAKKK I SA
VK ko kkdokokk skkok ok -k dokek -k kokokokok - kokokok dlokokok - kokok sk dkok ;- kok

PhSHMT-1 TSIFFESMPYRLDESTGL | DYDALAATAKLFRPKM | | AGASAYPRHYDYGRMRE | ADSCG
PhSHMT-2 TSVFFESLPYQVERETGL | DYAKLRATAMVFRPKLL | CGASAYARDWDFKTLRS | ADDCG
Fokckokiok ks - kiokkik % Rk dokokk: sk kkilok %k ok ok ok

PhSHMT-1 ALLLADMAH | SGLVAADVVPGPFGHADVVTTTTHKAL RGPRGAL | FFRKGVRSVTKKGVE
PhSHMT-2 AMLLCDMAH | SGLVAAREASNPFELCDVVTSTTHKSLRGPRQGL | FYRVGG——————] D
kokk pkoocklolkkk ok dokokok - skokokok - kokk | dokk kK :

PhSHMT-1 VPYKLEDAINSAVFPGLQGGPHNHT | AGLAVALKQAQSEDFVEYQQQVLRNSSALADKLT
PhSHMT-2 RCLGLAES INQAVFPGCQGGPHNNT | AALGVALKEAMTPEFKAY | VQVRANARALAAALM
k- ookk kiokk ckokololokk - dokk ok dolokkk - -k ok kk ok kkk X

PhSHMT-1 SDGYTLVSGGTSNHLQLVDLRPSGMDGSRAEKVLESAG | ALNKNTVPGDTSAFNPGG | RM
PhSHMT-2 EAGYTLVTGGTDNHLVLWDLRPEGVTGSKMEKVCDLAH | TLNKNAVCGDTSALTPGGVRV
L ekiok ook ook ok dkiolok k: kk: bk 1k kdkiok ok lokololok;dkok -k

PhSHMT-1 GAHAMTSRGCDEKDFET | GSLLHRGVG | AKD | KKSEGSGGKL QAFRDAVESGVGAED | KA
PhSHMT-2 GTPAMTSRGLKEEDFVAVAGFLGRALK | CAAVQKDTG—KKMKDFVPVVEK——DPRVAE
*oowiclolk kodek cr ok ko ok rok ok ko ok ek

PhSHMT-1 LKADVVAFAEKFETVGY—
PhSHMT-2 |REDVHTFSKRFPMPGGVM
deodK kesok K
K2 PhSHMT £ H LR Fr 41 (9 2 517 471 L
Fig.2 Multi-alignment of amino acid sequence of PASHMT

TRILFR SR SHMT 5 R G R AT B DR ST 25 AR 1,
FISEARIC N BRI W B ) 25 5 AL, <l
3990 R — BRI ABL P ) B8 B R ik
The underlined sections were the conserved amino acids
motif of SHMT gene family. The gray background were
marked as the pyridoxal phosphate binding site. Asterisks (*)
and colons (:) indicated identical and similar amino acid
residues, respectively

2.2 PhSHMT B & &L o4

Rt 8 PASHMT 5 HABY Fh i B4 C R
M NCBI 1 GenBank (i 2 HEHX 10 5% SHMT #H5C
WHEIRFY), 1833 MEGA 6.06 727 2R e KISk vk
(Maximum likelihood, ML)FJE R HEILRT . 455
7N, PhSHMT-1 Bk A 5 — Ff 21 3 (Cyanidioschyzon
merolae strain) 4B /1 X 2% (Chondrus crispus)% K
—2%, i PhSHMT-2 5 = £ 4 45 ¥ (Phaeodactylum
tricornutum) . — il J¢ £1 3 (Galdieria sulphuraria)
AR 750 i B i (Thalassiosira pseudonana) 3 —
25, HBERN SHMT B 5 s S P st 4 1 B 3k
(K 3), Ui EEe s SHMT K 55 S MY R LR
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_98|:Phaeodactylum tricornutum (NC_011671.1)
99 Thalassiosira pseudonana (NC_012077.1)
74 \———— Galdieria sulphuraria (NW_005178460.1)
84| L——— PHSHMT-2
Cyanidioschyzon merolae strain 10D DNA (NC_010141.1)
52 Chondrus crispus (NW_005179183.1)
Emiliania huxleyi NW_005202113.1)
35 Physcomitrella patens (NW_001865432.1)
?{ Chlamydomonas reinhardtii (NW_001843882.1)
Arabidopsis thaliana (NC_003075.7)
Zea mays (NC_024461.2)
o1
K3 SHMT JEN A9 A RS
Fig.3 Phylogenetic tree of SHMT protein constructed by the maximum likelihood method
N 4 -
2.3 PhSHMT #E %547k E# qRT-PCR 447 S )
4
WHFGE PRSHMT J K 7512 4 506 B3 e o BE st
IR TIfE, ABFFExt PSHMT MR ik K Tt g .
P57 I, @it QRT-PCR AR 2 4 PhSHMT £g2r L.
DA E BRI B0 09 KA AT T IR S ik 23T St |7
(4. E5). 25!
=
61 [ § 0

N
T

ab ab

[\S)
T
&

ab

PhSHMT-IHIN ik &
Relative expression level of PASHMT-1

(=)

0 3 6 12 24 48 9 144
Fi /B Time/h

Kl 4 PhSHMT-1 1E &5 il i K F R AR ik
Fig.4 Relative expression levels of PhRSHMT-1 gene
under high temperature stress

BAARR T bR EE M 25 5 0 2 (P<0.05), T
Bar of each column with different small letters mean
significant difference (P<0.05). The same as below

SRR FW, fE 31°C m R A R W I E R,
PhSHMT-1 I PhSHMT-2 & [A] i1 e ik A U A — 2
TEE R E 12 h B, PhSHMT-1 Fl PhSHMT-2 5L [ {14
FEIR K37 ) iR, Rk K 3 1R (P<0.05);
MWEnR A R 12 h 5, PASHMT-1 F1 PhSHMT-2 3
PRI AT B L 38 I e i R, B KPR BEH ;24
EiR AT 4 diF, PhSHMT-1 Fl PhSHMT-2 3[4

0 3 6 12 24 48 96 144
i8] Time/h

K5 PhSHMT-2 f& i id F AR & ik
Fig.5 Relative expression levels of PhASHMT-2 gene
under high temperature stress

By kK X B3 i (P<0.05), XAl fig2m T A
) Ve R TR, R T 22 ) A e IR A B O
A AR R HERE S SRS H KBS AR T
R, 2 G UE 2 H AR

3 it

H & RAE Ry — PR Boai 8 35 0], 3l A A b
H Kk W 4% M E(Yan et al, 2013), A8 ] LAE 6
WP o P 22 SR i A H MR (#1545, 2008), i
SHMT 7EA Y EIT 0t B v & 45 36 AR . iFoe 36
B, QLR SHMT LR AR, Al R A BT 30 Ak 77 BH b [
i, TE 552 303 M 4 Y #5 5F (Moreno et al, 2005).
LGN, SHMT FEGIF 0 Ak 75 77 A= 1) Y & iR 7] LA
H—2A R SAM, H AT LU CpG 3 IE e DNA
() B 5 AL (Kim, 2005). 2R, H AiX K 5 5 rh
SHMT JEH B IF 5T 1 Ak F25 F o A 5T LA sS4l il 7
RAFH SHMT EEPH 7 91 o LAy, 3@ 43558 PCR 38
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HARBINTERE T 2 K123 0 SHMT 3,

FPIAE B0 T 2 BRI CIE RS, If =
AR L R T AL, AR BT AR 5 4 1 R SR AR
(Mittler, 2002), i GRF M AJ DUAR i R IR SCIE PR 1 42
ARSI B A0 I RE T, I ELCRR S A A
] P R T AR G A A, 2016), Anfi
ARSI, Hrp, 2R S —FhEZ 402
i L | IO S g o v 1| EAE RN e 0D AL (T
IP = AR 1) NH; 25 T 8 2R 1A i A BEH K
S YU EARY B, FE I BR TS M T T A
EEMO, B EBEER T H AR, miH
ZATR eGP 7R 1 2R ) . SHMT 1R —28
S5 S — A M EE L, HRTE &2
YR b % . PR AETE 3 A SHMT,
£, 75 40 L R cSHMT . ZR KK mSHMT Fl i 4¢ 44
SHMT(Bauwe et al, 2003; Garrow et al, 1993), TEAWF
e, RFTEREHAY 2 45 PhSHMT JE K7 7 40 i 2
i & B, PhSHMT-1 3% [H @ i F 4ok fk L, i
PhSHMT-2 & 7 T Aot [ X uih, Ingesg
A BEAFTE 40 i o B SRR T ) SHMT, 1M J& 5 77 1E
MERART ) SHMT i fp ik — 2 05 o ARIE LAY
WF5(Kamalay et al, 1980, 1984)HE . Iz 3p 4k ik
Iy SHMT 3 efeent il fe B e R, o H &R
RIS CO, Al NH;, E 1Az i 22 28 5 1M bl 22 %
PR E A0 S A A, dR SR AN R A Y SHMT
W 22 AR A A i H R

AL ) 7 JOL X 336 358 Jolp 300 B 078 g 7 A — A B R 5T A
M A B At B, PR T 2RI . 2R AE AL
il ey 2 [  AE AE A2 v R 3 B 2 7 AR R A )
A, RIS R IR R T — R 42
BTG P 2R0 T BRAILAR , 191 G 35 v B AR AR il 3 TR 1 e 2k
W R PTG MRS . ISR R R L, 15
SEAE X e Yl 3 B, e AR b SRR DR 2 A e e [
PR A R R T 0k DA BR A 9 2 A Y A AL
YIRS, 2016); BLAk, 28 IHEH KL 01k 4 il 3 A
TE 12 h B B 2 EHRIR RIS IEAE, 2016), A5 A&
B, 7E31°Cmiliha 20T, BlE Wi i e 3
IREEE 2 2% PhSHMT JEN BRI S L iH )5 T 8
AR, IR AR 12 h i), 2 ZFEHE
TR R B iy 5 A O B R 3G I, 2 ZR 0
K RIRACE TR, ERIRPAanE R 4 dBF, 2 4%
FERF R KE R E BE . @i L 25T LAHED .
IRERAE R IR AT, SERFIGH i A HER IR SCIR S
SEBuai i n b, SERFI AR 2 b R AR X A
By Bt &4 T EEAE . CPENGE AR e A H AR, H

AR A A B H IO TE R 2 R G A . SHMT
SR R HE A 6T W o e SR A R TR, 7 s TR A
T R R R AR S R R R A
W2 H R T A A B H Ok W bk 2 4 00 AR g
PEY T, AR IXAN S FE b AT BB AP Bifi 4 45 5% F AR 1 i
. EiESIE PhSHMT JERAY K& L, &4
I AR R ORA AT A B H 2 R FH AR X6 e d At , i 7
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Cloning and Expression Analysis of Serine Hydroxyl Methyltransferase
(SHMT) Genes from Pyropia haitanensis

LIN Yinghui, WANG Wenlei, XU Yan, JI Dehua, CHEN Changsheng, XIE Chaotian”
(College of Fisheries, Jimei University, Xiamen 361021)

Abstract Serine hydroxyl methyltransferase (SHMT) plays an important role in plant response to
stress. Under adversity stress, the SHMT gene not only promotes the Calvin cycle to participate in the
anti-stress reaction, but also participates in the synthesis of glycine, and then synthesis of glutathione,
scavenging reactive oxygen species. Pyropia haitanensis, naturally grows in the coastal intertidal zone, is
an important economic macroalgae in Fujian, Zhejiang and Guangdong provinces. Because of the special
living environment, P. haitanensis has the unique ability to resist adversity. With global warming, the
temperature of seawater increases, which causes damage to seedlings of P. haitanensis and leads to great
economic losses in the aquaculture industry. As for the physiological and molecular response of P.
haitanensis to high temperature and dehydration stress conditions, our previous studies found SHMT plays
an important role in stress resistance. In this study, based on unigene sequences which were obtained from
whole transcriptome sequencing of P. haitanensis, two full-length PhSHMT genes were obtained by
ordinary PCR, and named PhSHMT-1 (GenBank accession No: MF687405) and PhSHMT-2 (GenBank
accession No: MF687406). The full-length cDNA of the PhSHMT-1 gene comprised 1710 nucleotides and
contained an open reading frame (ORF) of 1491 bp, encoding a protein of 497 amino acid residues, with
the predicted molecular weight of 121.443 kDa and theoretical isoelectric point of 4.93; and the
full-length cDNA of the PhSHMT-2 gene comprised 1957 nucleotides and contained an ORF of 1395 bp,
encoding a protein of 465 amino acid residues with the predicted molecular weight of 113.969 kDa and
theoretical isoelectric point of 4.95. Multiple sequence alignment and phylogenetic analysis indicated that
the PhNSHMT-1 and PhSHMT-2 belong to the plant SHMT enzyme family. The expressions of the two
PhSHMT genes, as measured by real-time fluorescence quantitative PCR (qQRT-PCR), were consistent
under high temperature stress. During high-temperature stress, the expression levels of the two PhNSHMT
genes were significantly upregulated first and then decreased, but as the high-temperature stress continued,
the expression levels were upregulated again. Results suggested that the gene of PhNSHMT enzyme plays
an important role in responses of P. haitanensis to high-temperature stress.

Key words Pyropia haitanensis, High temperature stress; Serine hydroxyl methyltransferase; Active
oxygen; Gene cloning
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