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PMAL-c5X AR SJPMM I #EAT RSN R X, R3] R A Tisk b &G, A5 46 SPMM 3 4447
RApE I AR,

KEEIR: AW, AR B R8s, BB RAE, BRK; FHEE PCR M
PESES: X55 CERARIZED: A X EHE: 1000-3096(2016)03-0032-08
doi: 10.11759/hykx20150113001

(Saccharina japonica) >
, , 1927 , PMM
, (3. 101 PMM
[1]
490 ( ) PMM PMM

86%(FAO, 2012) [11-12]
[2]

B

) —PMM ,

(phosphomannomutase, PMM)

Mgt
bl \) '.: ) ‘\
e | M PR P
-1- 1.1 SRR
GDP-
’ ’ ( 2, 15~20 cm)
B PMM
> :2015-01-13; :2015-03-10
(4 B3] : (2013BAB01B01);
(6] (201405040)
[Foundation: National Key Technology Research and Development Pro-
PMM gram (2013BAB01B01); Ocean Public Welfare Scientific Research Project
7] (201405040)]
PMM : (1989-),
37°C [8] s , 0532-82898554, E- ma11 Zhangpengyan3249(/
b
. 9] 126.com; , , , 0532-82898556, E-mail:
Hoeberichts PMM

dlduan@qdio.ac.cn
32 /2016 / 40 / 3



e IRkE REPOATS

1.2.2 PMM1 (Sjpmm1)  PMM2
3, (Sjpmm?2)
, 10C (
50 pmol/(m*s) 6h GSE33853)"), 3'-RACE (PMMI -
(5 10 15 20 25 300C) 2h, 3 30 PMMI-31 PMM2-30 PMM2-3]) 5'-RACE
, ’ RNA (PMM1-50 PMMI-5 PMM2-501
RNA (RNeasy Plant Mini Kit ) PMM2-511 PMM2-502 PMM2-512)( 1)
Qiagen ; cDNA (PrimeScript™ II 1st RACE ’ LA Tag DNA >
Strand cDNA Synthesis Kit) 3'- cDNA 3-RACE  PCR HiFi
(3'-RACE) (3'-Full RACE Core Set Ver. 2.0) DNA 5-RACE PCR
pMDI19-T Simple Vector TaKaRa ; 5- ’ pMDIS-T ’
cDNA (5'-RACE) (SMARTer (DH3a) PCR
RACE c¢cDNA Amplification Kit) Clontech ; 123
PMAL-c5X (DH5a) NEB
BLAST ,  RACE
NCBI ,
1.2 RBF*% PMM , BioEdit
1.2.1 c¢DNA ORF finder Sjpmm 1
Qiagen RNA, Sipmm?2 cDNA (ORF),
, RNA(ODxg0/230 ORF ProtParam!'*!
1.8~2.1) cDNA (PT) SOPMA!"!
cDNA TaKaRa cDNA PMM1 PMM2(SjPMMI  SjPMM2)
5-RACE  3-RACE cDNA , DNAman 6.0 SjPMM
GenBank 3 PMM

x1 BFPMMERTERINEENHAASIMER

Tab.1 Primer sequences used in the amplification and real-time PCR analysis of Sjpmm

(5"-3) (bp)
PMM1-30 ATGTCTGTCACCAAGAACCCCCGCATCATC 1391
PMM1-31 ATCACCATCGGCGTCGTGGGCGG
PMM2-30 AGGACCGCTACACCAAGAACGAGT 1698
PMM2-31 CTGGCAACGGGATGGGTGGCTTTT
PMMI1-50 TACTCGGCGGTGCCCTCTCCCA 458
PMM1-51 CGAACGCATCTCGCTCCTCCTGG
PMM2-501 GTTGGCGAGATGGTTCGGGAAGGTC 424
PMM2-511 CCGCCTTGGAGAAGAACTTGAAACCG
PMM2-502 CCGTCTCTTCGTCCAGCATTTCCACTCC 144
PMM2-512 TGTGGACACTGGAGGCGAAACAAAAGC
PMMI1-F CATATGATGTCTGTCACCAAGAACCCCCGCATC 71
PMMI-R GAATTCCTAGTCCTTGAAGAACAGTTCTTTGCAC
Actin-F GACGGGTAAGGAAGAACGG 184
Actin-R GGGACAACCAAAACAAGGGCAGGAT
qPMM1-F ATCAGAGAGACGATGGTTGCG 152
qPMMI1-R TACTCGGCGGTGCCCTCTC
qPMM2-F AGAAGGTGGTTGCGATGTGG 114
qPMM2-R TGGCTGGCGGTAATCATGAC
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, 2  SjPMM
PMM ,
NCBI 21 PMM
, MEGA 6.0 PMM
, (ND) 1000
1.2.4 PCR
Sjipmml  Sjpmm2
p-Actin , qPMM1-F
qPMMI-R  gqPMM2-F gPMM2-R ( D,
Sjpmm SYBR Premix
Ex Tag 11 1 94°C 30 s; 94°C
5s,55C 10s, 72°C 20 s, 45
2 AACt , SPSS 19.0
1.2.5 SjPMM1
1.2.5.1 Sjpmmi  ORF
WatCut , Sjpmml  ORF
R Ndel  EcoRI ,
PMMI1-F  PMMI-R( 1) cDNA ,LA
Tag DNA Sjpmml  ORF :
94°C 10 min; 94°C 30, 58°C 30s, 72°C
1 min, 35 ; 72°C 7 min
pMDI19-T (DH5a),

PCR
1.2.5.2
Ndel  EcoRI pPMAL-c5X
pMD19-T/SjPMM1 ,
pPMAL-c5X SiPMM1
T4-DNA NEB
PCR SjPMM 1
1.2.5.3 SjPMMI
LB (4 mL)
R 2 mL 200 mL
( ) ., 37C
, 160 r/min ODygo 0.6 ,
0 0.3 mmol/L -3-D-
(IPTG), 2 h 0 0.3 mmol/L IPTG
pPMAL-c5X NEB

, 1 42.5kDa MBP
4000 r/mim 20 min,
, SDS-PAGE

2 SRR

2.1 Sjpmml F= Sjpmm?2 & FK4F
SuL  Sjpmml  5'-RACE  3'-RACE
; ( 1A),

2000 bp —
2000 bp —
1000 bp —
750 bp — 1000 bp —
500 bp — 750 bp —
500 bp —
250 bp —
100 bp — 250 bp —
100 bp —
A B
1 RACE
Fig. 1  Electrophoresis of RACE products
A: Sjpmml , 1 2 5" 3'-RACE ; B: Sjpmm?2 , 1~3 5"-RACE
5'-RACE 3'-RACE

A: 1~2, 5'-RACE and 3'-RACE products for Sjpmm1; B: Detection of Sjpmm2; 1~3 represent the products of the first 5'-RACE and the sec-

ond 5'- and 3'-RACE, respectively
34 /2016
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458bp 1391 bp Sjpmm2  66.49 kDa, 5.32
424bp 1698bp SjPMM2 (GenBank: CBJ29496.1)
, Sjipmm?2 5'-RACE , (GenBank: AFY68962.1) (GenBank:
189bp 5 ( 1B) 3-RACE AFY96193.1) PMM
3/ AATAA 7% 64% 64%
polyA , SJPMM 1
22 BFIHH o - B
41.67% 28.57% 22.22% 7.54%;
2  Sjpmm  cDNA SiPMM2 o B-
Sjpmm1(GenBank: AIW04131.1) cDNA B- ’ 40.74%  28.18%
1559 bp, 5'- (5-UTR) 47bp,ORF  759bp, 000 11 170,
3" (3-UTR) 753 bp ’ SiPMM1 (GenBank: CBJ32201.1)
252 ’ 2851 kDa, (GenBank: AFW03829.1) (GenBank:
4.89 BLAST PMM NP_002667.2) ’
, SJPMMI1 CCMP1335 (GenBank:

EED92893.1)

73.39%, HAD 3

(GenBank: AFV92896.1 motif: motif I,

DXDXTLX; motif II, XXSX; motif

ACV41082.1 ) (GenBank: ERP53127.1) HL K-[G/S][D/S]XXX[D/N]( 2) S_]PMM2
PMM 83%~85%, (GenBank: CBJ29496.1)
(GenBank: CBI3220L1)  (GenBank: AFY68962.1) (GenBank:
95%, AAG08707.1) 46.02%, a-
PMM Sjipmm2(GenBank: KP772272) 4 motif: motif I,
cDNA 2639 bp, 5'-UTR 25 bp, ORF 1866 bp, TXSHXP; motif II, DXDXDR; motif III, XEXS;
3'-UTR 748 bp, 621 , motif IV, XRXS( 3)
motif I motif II
Saccharina japomica PMM1 e NSVTKNPRI | ‘LFD\’DG’TLTm | KT(M&ERI TI L PR . . ESGNECY[M4S 3 L (=L (| I SKHV 93
Haocarpus sifeuloss | CBI32011 G L O O R TN g e R TR o
;’ Hicum monococcim NAVTAQAARRKERVL QHARYRE IRIPARCKI DREVAAGL QKRS RVAl | DGDE! EKFVFAERIE CHERMLSIGATI GNHL 100
omo sapians
Saccharina japonica PMM 1 EEE%:KI Ea %MSGI 5] %Lng EDAGE: NVH:EET NRTEDL}E;% 193
Ectocarpus siliculosus  CBI32201.1 EEENIKKI kS G DI (v FdaEt (N SaviERNEs AEFDAZEAYENEHKI [saT MYDANRTEZADL NIT(E e TR TF 192
Yriticum monococcun D KEF| QIF T(MHE! ADL DI (31 (G GNNSGS PIGRY| SDCEE KVHNVEPK VL RE HL N {l S F DYF PR CADKLR SR
Homo sapians eEL{aoL | [JF cllsgvaL L RL[FRIGIENE) FaanENL )l Sal (ExsiaT 335 EFSEL EKKEKI [REKFIEAL KTEFAGK SHEVEFEEIBERY 200
motif I
Saccharina japorica PMIM 1 EZSQGEG’TAEYDE HF F Gia) F%NE Eise | C%KELFKD. o 252
Ectocarpus siliculosus | CBJ32201.1 GEGTTEYDE{ QdEOKYF oFEFEERT] UTELIE BUINKARKEL [@L KSA. . . 252
Triticum monococcum . . . . DEFKE] GIJZED! »H ES V] SF‘EDT COERS| @LSK. .. . 249
Homo sapians DQ. . DSFDT|| AMENEYSP) %F DOP MVELFBVEREREI [JFPETAHE 251
2  SjPMMI1
Fig. 2 The alignment of SJPMM1 with PMM from other species
23 R GBAHH
PMM , 2.4 /E}?{Xd-;@% pmm %i%%}"@
« 4 , PMM 10C , Sjpmml1  Sjpmm?2
2 R SjPMM1 SjPMM?2 R s
SjPMM1 ( 5 10¢C » Sjpmm1
R , 5 15 20 25°C (P<0.05),
SjPMM2 Sjpmm?2 5 20 25C
, , 2 SjPMM (P<0.05)
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Saccharina japonica PMM2 <. .. MCYTRAYAPVRPRUPTAF V. LASCTLAGSNSSAF VSPPVST SAVRAAKATKSAADT ACRR. . . .. QCST GCARRMGYVSWREPAAST. . . . ...
Ectocarpus siliculosus | CBJ29496.1 WFCCRAPCGT I TVHRLVCRSVRSTFGGLI HI SFFPSLPRLPAPQPRGST SGRYWKSTRPI SAPRGLHCGLMLAL CTL ASQPCGAF VSFPYPCKSYVCRGAHGA
Pseudanabaena sp. PCC 7367
Pseudomonas aeruginosa PAO1

Saccharina japonica PMM2 . LyeacvenL DeeT aLaKr KRG ool ey smERjrenkiollsvk c v GF GYiAL RKNVEFvacRESRL RV B cefl saal s
Ectocarpus siliculosus | CBI29496.1 EVGL HAGAYDYL GECAAL AKF KR GT o0l (RevsvEEgPKoK0sT E Y GFRLWLRRKYDS! DOP. . . LRySIEP ASEE ol soal s
Pseudanabaena sp. PCC 7367 .. . iaoF ovkk GNGEDI JE1 AL Ea0ESYNITSE RKL QAF ATUL & AKMNKPI K. . . LL| SUEeaus| polvEAT] AlEl NS
Pseudomonas aeruginosa PAO1 e .. MSTYVKAPTEP. AR F[RAYDI vGD. . TTAET) RAl G. ... .SESLARCE. . . PC¥A|Jeds) PEMVKOL) LVD
motif I
Saccharina japonica PMM2 GEGECD| F CL CT Qg ANF MSCYT EGHL YDGAY. ASEL (HSH FI4FF SKAGGENKGN] AEI LTI AAEQHGDGSFDI AGPQKDRYT KNEF L P¥YQGAL
Ectocarpus siliculosus | CBJ29496.1 CEGECI CCL CT ggANF MSCYT EGHMYD GAI A SEL (HSH F(4FF T KSGEANNGD) AET. . . EFLPYYQGAL
Pseudanabaena sp. PCC 7367 .. A F DL ASUZANFMST VT | GF SCEGAI AS L [4F NI FFT AGGEENKQD] T DI LALAﬂAN KFEL&NAPC KATKRDFI SVYADQF
Pseudomonas aeruginosa PAO1 .. CC VBV PUEVLY Y AANVLEG. . KSEY, N[gPD’ FI VVACETMANEG QALR. ... ......... . ERI EKNDL ASGVGSVE
motif Il
—
Saccharina japonica PMM2 kon] | GaVDKEGPQRORPL EGLIEYI N e fo. TLTEMEADT RESVHLE | aNGEL PEAMarT | EARRAvETILE! v BviRsoy
Ectocarpus siliculosus | CBJ29496.1 KDM] | DQ¥DMKGP ARDRPL EGL| N NGEF LEIE. TL SE[R[EADT CGS VHLE! L ANGEL POAMYPT | EAROSY LEY YL L0 REE
Pseudanabaena sp. PCC 7367 YT K[ RNAYN. HPKHFKGPL OGL{I | [0 aElE acler \iloKvL KT MEADT TGSGFLD Y PNENKY AMAS| coAfYKHARNFE! | FET Ey{ilasa o
Pseudomonas aeruginosa PAO1 GVD[ LPRYFKGI RDDI ANAKPI DC vaEyI JPCLI EAR[ECSYI P. LYCE HPD[FGKPENLKOL| AKQKAE LEL AF VGY
motif ITI
Saccharina japonica PMM2 DKNEEAI NR! | AF LET VIILRD T ¥TWSTTSNGERARF( EAR. [HeEKHLRFEKEYKNY] DKAI ELNDE[EI DC! ONGM. L{aleledyy
Ectocarpus siliculosus | CBJ29496.1 DRS[EEAI NRI | AF LET VIILRD T[ ¥TESTTSNERKKF( EAR. [HEVHLRFEKIEYKNY] DKAI EL NE oc [ENHM. L (e]ulesyy
Pseudanabaena sp. PCC 7367 DGGENELNRI | AL @Al Il NE ST(| YT(WS| TSDGEAT KF| ECOL[HEKHHRF KNV[ NEAVRLNEA[EGES! ENYF . L(e]aled)
Pseudomonas aeruginosa PAO1 NTETI | YP LWL FRKDVSRI A0) | FEVKCT RR#I AL[ SCY. [HERP HS. L[ KK. . KMKET[E. . AL| ERuF CF (t]afel g
motif IV
Saccharina japonica PMM2 LALKVEVBWAKGG. GGFDLGET| QDL AEPLESTEFRLRVSNTYDPATAMYT KTLEATKAAVAHVSGMKSEDT NF EGL (@4 VDE GDGRAGHML MN| L HEPI
Ectocarpus siliculosus | CBJ29496.1  LALKVBVBVARGG. KGVDL SGSI KOL AEVKRWANGR. R. SACACCCGRGPOT. . . AHV. .E LECL DRK
Pseudanabaena sp. PCC 7367 LYSKLMI ELAKAKL AGKSLTDLI ANLKEPVESSEFRLKI G. VDDF KT HCQQVI DKLTAFATEGSDV\GI \IF‘NNYEGI CP.‘\DN EDG\AFLL ILEL HOP W
Pseudomonas aeruginosa PAO1 SAARLMEILSGDQ. .. ROSEHVFSAFPSDI STPEI NI TVWT. . EDSKFAII EALGR. . . . .. DAGWMGEGNI TTLOGV[IOYPKG. . . .. WGLY| INTTPY
Saccharina japonica PMM2 VI FNVESEVECGYAAl AAGLLKHVLEPLRGELDYSSVEKSARASALD. .. . . ... i e e
Ectocarpus siliculosus | CBJ29496.1  VLEGERVECF. . LVVLAGG. . P e e R A
Pseudanabaena sp. PCC 7367 IPLNIESNVACGVNMRARLLTFFAT TDALDLAPLTKKFTGA.A.A.A.A.,.,.,.,AH.A.A.A.A.A.A.A.,.HH.A.A.A.A.A.A.A.,
Pseudomonas aeruginosa PAO1 LVLRFEADTEEELERI KT. VFRNGLKAVDSSLPUPF. . L. o ot e it et e e e e e e e e e i e
Saccharina japonica PMM2
Ectocarpus siliculosus | CBJ29496.1
Pseudanabaena sp. PCC 7367
Pseudomonas aeruginosa PAO1
3 SjPMM2
Fig. 3 The alignment of SJPMM2 with PMM from other species
100 Populus trichocarpa ) n
g iy KA
47 Triticum monococcum
Nannochloropsis gaditana 2§

100 FEctocarpus siliculosus | CBJ32201.1 I g

18 Saccharina japonica PMM 1
Phaeodactylum tricornutum CCAP 1055/1 fifi
27 |—— Chondy 4 -
ondrus crispus I s
3| ——— Galdieria sulphuraria
61| 100 Danio rerio I ]
Homo sapiens
100 Scheffersomyces stipitis CBS 6054 I o
77 Trichoderma reesei QM6a

Cyanidioschyzon merolae strain 10D | XP 005539315.1 £L3
Cyanidioschyzon merolae strain 10D | XP 005538026.1 £I 3

100 [ Letocarpus siliculosus | CBJ129496.1 I W
Saccharina japonica PMM 2
Cyvanobacterium aponinum PCC 10605

Microcoleus sp. PCC 7113 W
Pseudanabaena sp. PCC 7367

9

69
77 alanaerobium saccharolyticum subsp. saccharolyticum DSM 6643 i
69 Clostridium hiranonis DSM 13275
Methanothermus fervidus DSM 2088 I W
75 -Methanococcus maripaludis C6
0.2

4 PMM
Fig. 4 Polygenetic tree based on the amino acid sequence of PMM
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259 A 159 B
<20 <
= 1.54 =
: :
o 1.04 s/
= =
= 0.54 =
= =

0.0

5 10 15 20 25
IREEIC

5 Sjpmm
Fig. 5 The effects of temperature on the transcription of Sjpmm
A: Sjpmm1 ; B: Sjpmm?2
A: Transcription of Sjpmm1; B: Transcription of Sjpmm2

2.5 SjPMMI #4ks Rz &L 3 Wk
Sjipmm1 ORF ) PMM
’ 759 bp ( , Sjpmm 1 252 ,
6A) pMD19-T/SjPMM1  pMAL-c5X PMM HAD
Sjpmml HAD

pMAL ( 6B) , , 4

, 70 kDa motif, motif I

MBP/SjPMMI, 71.01 kDa 161 motif 11

7D

2000 bp —
5000 bp
1000 bp — 3000 bp
2000 bp —
750 bp — P 2000 bp
500 bp — 1000 bp
750 bp —
250 bp — 500 bp

A

jov}

6 Sjpmmli ORF
Fig. 6 Electrophoresis analysis of SjpmmI amplification and digestion
A: Sjpmm1 ORF B: 1, pMD19-T/SjPMM1 ; 2, pMAL

A: Amplification products of Sjpmm1 ORF. B: 1, Digestion products of pMD19-T/SjPMMI1 vector; 2, Digestion products of pMAL vector
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170 kDa— P
— ga— 5 1
100 kDa— S Bt
70 kDa— <— 71.01 kDa
55kDa—
A0kDa— gy < 425kDa
_ b
35 kDa- u —
-
25 kDa— “ W 5
el
|
7 MBP/SjPMM1 SDS-PAGE
Fig. 7 SDS-PAGE of the fusion protein MBP/SjPMM1
M: marker; 1: pMAL ; 2: 0.3 mmol/L
IPTG pPMAL ;3 MBP/SjPMM1 ;
4: 0.3 mmol/L IPTG MBP/SjPMM1

M: Protein marker; 1-2: Expression of pMAL vector induced with 0
and 0.3 mmol/L IPTG; 3-4: Expression of MBP/SjPMMI1 vector
induced with 0 and 0.3 mmol/L IPTG

motif ITI ASP ,
Mg* Sjpmm?2 621
, PMM )
- 5
motif | S
motif 11 Mg® , motif III
s , MO-
tif IV
(12, 18] Sjpmml1  Sjpmm?2
PMM
, PMM
, , Sjpmm1
Sipmm?2 ,
s Cyanidioschyzon merolae
2 PMM R >
PMM
, 10~15°C,
[19]
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Abstract: Phosphomannomutase (PMM) is an important enzyme involved in the synthesis of fucoidan and alginate.
Two PMM genes of Saccharina japonica (Sjpmml1 and Sjpmm?2) were cloned by rapid-amplification of cDNA ends
(RACE). The open reading frame (ORF) length of Sjpmm1 is 759 bp, encoding 252 amino acids (SjPMM1) with a
molecular weight (MW) of 28.51 kDa which belongs to the haloacid dehalogenase (HAD) superfamily. While the
OREF length of Sjpmm?2 is 1866 bp, encoding 621 amino acids (SjPMM2) with a MW of 66.49 kDa which belongs to
the phosphohexomutase superfamily. The a-helix is the major secondary structure for both SjPMM1 and SjPMM?2.
The phylogenetic analysis showed that Sjpmml evolved from ancient eukaryotes, while Sjpmm?2 originated from
primary endosymbiosis. In addition, real-time PCR analysis indicated that temperature could increase the transcrip-
tional level of Sjpmm, which may lead to the upregulation of fucoidan. Furthermore, a high concentration of the

SjPMMI1 fusion protein was expressed with the pMAL-c5X vector, contributing to the further function studies.
(Rt #E: KIZHT)
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