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HHTHup AF2RIE T & A2 E, H
TAEWE TFRH @SR, e Ak
KA, HEANK,  EAEY R A A AZ B B T
CEIRHBAR ., HIL, BT RKREFSAZHT
DL R ARAP R SR, IRIEAAZH T ARG AR
B R SCHRIRIE , TEARSN G A AZ TR Y 7
b, A A Rk R K, HEk SR RS
B A2 BTG PRI T AR AT, Hig
B A IR AR S A
B A2 H sk A i PERR ARG — B . A A2 B
A= ) I AR )RS B R 2B s I L 8 2% e U ([
1), Hrfi & iR I #2 i (Lysine decarboxylase,
LDC)/ it 2 R Ak P e Ve o — 20 Oy, [l
J& #i iz 52 AL B (Copper amine oxidase) k" Fig %8
A 2 A B S -2k J# (5- Aminopentanal), #f—2
K 1, A '-Piperideine, FZeat— Z 1) R A2
AR, HATA SR R ke . &
TR R R I SRR A, R R L AR
) PN A TR o 2 T R i TR D) B R
— AN C NI R A Ems 1A
P N AE BT, I 22 a7 ngs 0 LA 4R
A S AP T AR SO AR S A Mg
JEATAZ o B AR B — R A A N A A
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1.1 #8

1.1.1  BEPRSBORL: N/E B Shiraia sp. SIF14 A
S0 A TL PG48 I L B AR DR AP DXCR H A
RATERE, B TPDARNRRE IR,
27 °CHiFR4-7 dJ5, 4 °CIRAF; E. coli DH5a. E.
coli BL21(DE3)l A At 5t RARA AL BHE A BRA A 5
JRipET-32a(+) . pET-22b(+) A S0 50 % {58, i
KIpET-22b(H) " & A T7IE 3 F e TV IR R &
fE e T R sh &\ A #E, KChHishrZE 75 n]
MRS BME A B4ifh; pET-32a(H)kk Lk
T7ia 8 FHishRZEIS, I8 54 1092 FE R Trxbr
ZIFY), RefESAR A RINE N B, RG-S E
HAL & A Hishn s, v DUH T8 A 2848 0 gl
fhat 2, BkipMD®19-T (simple) 4 [ TaKaRa

NG
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Figure 1. Proposed biosynthetic pathway of Hup A from Lysine to A'-Piperideine'”.
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1.1.2  BEFIEA: Ex Tag DNAR A, T4 DNA
2/, Nco 1. Xho 1. Nde 1Bl N VI,
DL2000 DNA marker, Protein molecular weight
marker (Low), RNAiso Plus, #3il7] &
PrimeScript'" reagent Kit with gDNA Eraser?JIl [
TaKaRa/y#]; E.Z.N.A cycle-pure kit, Plasmid
Mini Kit I. Gel Extraction Kitlq g 3£ E OMEGAZ
Hl; IPTGI A g TAEY) TR IRA R SEA
JEHrAEHisTrap'" FEW [ GE Healthcare/A 7l ; #i%
MR M. WEFRMLMSEE | P S 3 Sigma
YN
1.2 Shiraia sp. SIf14 S RNARIRE K cDNAK&
AR

AN WA L RS TR IS A B B, a4t
o AGE RN Aiso Plus, Fo/r5I3K, # MR
RNAiso Plusihi Bl B2 B Shiraia sp. SIf14H7 &
RNAJ B2 nI EFFE IDNA, 2R 1% 1 B i b
BERCHL VKA IIRNA BT, SRNALRAF T-20 °CIk
Frbo DMREUMSRNACHER , FHPrimeScript
P sionl &, R HUL BRI, ARG
HicDNA .,
1.3 BERRARMERE(LDC)K ST

WIEShiraia sp. S1£144 3L R4 ¥ 45
(GenBank No. AXZN00000000), il % B % 1
LDCHE[K (GenBank No. KT362170), K HPrimer
SEAFBT2X L S LDCE R Y 1S 5 [ JF 1 . R1HI
F2. R2(31), LIcDNA MM, Z5HF1. R1M

F2. R2MGXF G HPCRY HILDCHEEN , B3t [Al i
B4y HILILDCa, LDCb#E/R, JWIKRZRUF -
TaKaRa Ex Taqg (5 U/uL) 0.25 uL, 10xEx Tagq
Buffer (Mg>" Plus) 5.0 uL, dNTPs Mixture (4%
2.5x10° mol/L) 4 uL, ## cDNA 1 uL, 5|¥
F1/F2 (110~ mol/L) F15|#R1/R2 (1x10”° mol/L)
%2 ul, AN ZE IR 2248150 uL; PCRIZ
MEEF: 95°C 2min; 94°C30s, 58°C30s,
72 °C 1 min, 30/MME¥; 72 °C 5 min, HUEHEEE
JEEHL TR A DA i 45 2R

FEESMT T YT HA ek, R Gel
Extraction Kit[[WPCR/™=4, Bt fEbi e e v vk ke il
aifb 45 R, RMpMD"19-T PH] 1534 H T4k 548
LS HDNA A B, HIT-LDCa. T-LDCb, Ff435
HALE. coli DHS5q., M3 2" 75 85 = i e P i PH 1
S RESEATPCRATIN , MG A% 1) i 4 B ke 48
HRUBTRL, 1% AT
1.4  BERRBREEE R M FERE R aik

AR BRI pET-32a(+) . pET-22b(+)H)
T2 EHAFEEAR, HIpET-22b-LDC5pET-32a-
LDC(’2), MIRHPENYIEENde 1. Xho DXL
P3P EAFRT-LDC afl R XA pET-
22b(+), HINco I. Xho DX T-LDC bHIpET-
32a(+) o IRt W ERE I B Uk A I B DI 25 5, 4y 1Y)
B2 % Rk A S B ER, fHGel
Extraction Kit#tf72ifb)5, FHT4 DNAZE LR T
4 °Coy Rl T2 iAWy, W AL

= 1. FRASI¥F7
Table 1. Primers used in this study

Vectors Primers Primer sequence (5'—3") Restriction enzyme
F1 GGAATTCCATATGTCGACCAACAACGAAGTTACCG Nde 1

PET220(1) R1 CCGCTCGAGCTGCTGATCCCAGGTCAAGTCGAAG Xho 1
F2 CATGCCATGGCGACCAACAACGAAGTTACCG Nceol

pET322(1) R2 CCGCTCGAGCTGCTGATCCCAGGTCAAGTCGAAG Xho 1

Underlined bold nucleotides: restriction enzyme recognition sites
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ZIVERSE | WUEAI, 2016, 56(4)

Nde 1~ Lys decarboxylase  ~x70 1
693 bp

ori

(B)

2. ELARRFIPET-22b-LDC5pET-32a-LDCHI3E
Figure 2. Construction of recombinant plasmids pET-22b-LDC and pET-32a-LDC. A: Construction of pET-22b-

LDC; B: Construction of pET-32a-LDC.

E. coli BL21(DE3), 37 °Cid i 55%, fE& TPtk
AR B R T o PRECRH M sE R T E AT PCRAR
W, BT Nde 1, Xho IHINco 1. Xho TXLi
I K 7 45 o

P45 TR A A PR S R Pl R LB AR 1S 57
B, T37°C. 200 r/mindiFE E 0D, 290.7; fMA
IPTGZELYEE J1x10"° mol/L, T24 °C. 200
r/minki 778 h; [A B4l LA % 2 AR E. coli
BL21/pET-22b (+). E. coli BL21/pET-32a(+){EX}
ML HRER)E, ¥ ARK T4 °C. 5000 r/minf
05 min, WEEREMAR, FTE ZopRvedk. wfk®E
BT ARG vh S, FH P T S 1 4
12000 r/min5.(>15 min, iR £ HisTrap "
FEEMZNTELEAL, SDS-PAGEHL KGNS,
1.5  E4HERRRER TS MR

SRR ik, RN R, LA
K5 minf5 R IE B E BN RTIREE, T37 °C K
T RO 2 IS, A LR RHCIZE 1k
N, fMAS00 pL S0 RIZI4RY, 5000 r/min &0
10 minFFEANEY . 40 °CT42J5 1 mol/L #Y

HCUA G MARZR B Y, R s 0y E i R i 5
R BB it FH PR B S A5 A A, RS
AT HZ)JZAT(TLC) A&, JRIFFIAES . &
it . =210 :1:2),
1.6 EHBERBREENAEYEREMT

K A LR T. B Protparam T 25 1 5t it BRAL A
J§i; K Bioinformatics Group#X {4 (http://bioinf.
cs.ucl.ac.uk/psipred/) F1ISWISS-MODEL (http://
swissmodel.expasy.org/) /M7 25 I i = 2 4544 .

AR IETERE T 19 AN [RIFN & 0 R S H IR
LDCZ LR T 9 55 Shiraia sp. SIfF143E4T HLXT,
KA Clustal X W ZAELR T 51, HxT 4 3Rk H
AIEMEGA 5.0 FINeighbor-Joining /7 44 1 22 4t i
{EHS, bootstrap test 15 & h 1000/ 5 & LIAG I A
B3 S B AT REPE R A A 2501 o

2GRN

2.1 BERTUREEEFE W R R R
PAShiraia sp. SIF14HRNA 255 5545 5 (1
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cDNANHM, PCRY 15153690 bpZ f5 HY F Bt
(F3), FraHm Bz, #aifbiny B Bow
G FIpMDI19-TH, HREPH I sE e s TR, XU
DVE o0 2T pET-22b(+) . pET-32a(+), 345 1
pET-22b-LDC5pET-32a-LDCH 41 ki .

Marker

bp

2000 —

1000 —

750 — <«——LDC

(690 bp)
500 — P

250 —
100 —

& 3. LDCERERT-PCR =48 k&
Figure 3. Agarose gel electrophoresis for RT-PCR
products of LDC gene.

4 JikipET-22b-LDC5pET-32a-LDCH4 1k
FNE. coli BL21, ZIPTGHE S50 Y H R,
3954 T 24 kDafl43 kDaZe 4G AR 1 T, 5
MR /INFEAT (1 4) . SDS-PAGES3Hr 2% B # 7 ik i
W5 RV IS B A i L DI s D, A
IS PEAE, RIS AR AlAR 28 Trx 5 AT PR
Fi53 %%, FIHHisTrap ™ FRFEEAraifl & 20 &
H3#ILDCHITrx-LDC, T 5 £ hY i 2 m i R
R A AL TR PRSI
22 EABERBREHEELEE

WRYE LS T, WA ER M e, AR bR
Y S RS AR R A 2 A5 (TLC) /30T, 43901
DR IO 18 2 3 2 P Ot B, A A ] A8 5 g 1
T, LDCHITrx-LDC¥JAG ' A= i, 1 FE2H Tt
P ReA R, R EAA A YE, R, 4]
KA A i E TR YA E i) e, %
HH 1 22 TR i PR AL T MR 2R & . B Ah,
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4. EHEEARKISDS-PAGERK[E

Figure 4. SDS-PAGE analysis of recombinant proteins.
A: pET22b-LDC; B: pET32a-LDC; M: marker; lane 1:
control; lane 2: total protein; lane 3: supernatant; lane 4:
precipitation; lane 5: purification.

LDCHITrx-LDCAEAL A iU e AR ZE AR, B0
P B AL TR PEARRL(ALS)
2.3 EHBERBRES AT

A TR R B R G 228 2 kiR, Horh
M IE HL i [ L RRTR S (Arg+Lys) BBUN 15, #i
HLfaf PR L (Asp+Glu) S B 24 FRISSEHL S pI
S52WM i EA AT NC 71 Hi679N 205
03348, S TFHN24.4 kDa; ZE AN
ERBIHFEENKTI0 h; fIABEEREN
32.65 AT M AR U B RRE YRR T HHSR BRI 4
Brotsn, %8 oA Bk A 6).
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LDC Trx-LDC

1 71

Cad
Lys

1 2 3 4 5 6

B 5. FiXFHYILDCHTrx-LDCEMMTLCEN
Figure 5. TLC detection of expressed protein LDC and
Trx-LDC activities. Lane 1: cadaverine (Cad); lane 2, 4:
production of Lys decarboxy reaction catalyzed by
LDC/Trx-LDC respectively; lane 3, 5: production of
Lys decarboxy reaction catalyzed by boiled LDC/Trx-
LDC respectively; lane 6: L-Lysine.

Score

50 100 150 200
Position

&l 6. TebEERE BIRIA =0/ K 4

Figure 6. Hydrophilicity/hydrophobicity analysis of

cloned gene expression. website: http://www.

expasy.org/cgi-bin/protscale.pl.

24 BEABEARBRIEH_REWN

3 3 E SRR TN 4 2R 35 7 W 1 RN — 2
ik (E7, EI8)FRM, Kb FEERKEEN
IR E S BYr B L, HEMEEFESMRE; H
rhEAR N . ol2E37.3%, BITE11.4%, JCHL
M MS1.3% ., = REEMERIIFRIE Y Rk

4ity, HNumikokREefeE AR, T2 Cly
IREEAA EAE DR L RAK . s, HRAE RS
Wi, EEEENSHFIITH, Shiraia sp.
SIfI4B9LDC5 KR T Aspergillus clavatus NRRL 11
AFNEEE 1) 2 LR P S ARARLRE S s, T MR 5T
Cryptococcus neoformans var. grubii H99 . Oryza
sativa Japonica GroupFChlamydomonas reinhardtii®
AILD CE AL IR Fr 9 A7 B i DX (K9) o 5 — T
i, HVE T Shiraia sp. SIF14HYLDCZ LML E 41 Fil
>k B 18 FHY) Huperzia serratalt) 2717546 1R K )
FFto

Conf: JiliEEnzeEREENRNsERN=ARDRNONRARDNRNRNN
Pred:

Pred: cccececceccccccCCCEEEEECCCCCCCCHHHHHHHEHEH
AA: MSTNNEVTAANGEARQPVVCVFCGASEGTSPVHMEAARKL

10 20 30 40
Conf: jINNNNERRN=nE Rl Ena-=n AR NNNRR R RNN-N00Nt
Pred: pn— )

Pred: HHHHHHCCCCEEECCCCCHHHHHHHHHHHHCCCCCCEEEE
AA: ALALHKANTKLVYGGGTVGLMGEVARTLVSLSGPSSVHGI

50 60 70 80

O] FEEVEREEEC] | [ [ ][ FEEEEEEEse ] ] ] ] ]
Pred:

Pred: ccccrEEHEHCCCCCCCCCCCCCCCCCCCEEECCCHHHHH
AA: IPEPLVRYEQNHDENSSSKHTIDESVYGRTTVVKDMHTRK
0 ' ' '

90 100 110 120

Conf: JINNNRNNR=EEREnoRR-BEn=nlRRRNENERRDaant
Pred: pummy———>— QR

Pred: HHHHHHHHCCCCCCCEEECCCCHHHHHHHHHHHHHHHHCC
AA: OMMAREVIAGGPGGGFVALSGGYGTFEELMEITTWNQLGI
' ' ' '

130 140 150 160

Conf: jnilnziilanizn=zERNNNNEREANE NN znnnlznnnt
Pred: ___

Pred: cCCCEEEEECCCCHHHHHHHHHHHHHCCCCCCCCCCCEEE
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170 180 190 200

Conf: JziIINIRREER=EnRinn-nnnnnnlt
Pred:

Pred: cccusBHHHHHHCCCCCCCCCCCCCCCC
AA: ALNAEEVITCLNDYQTAPGREDLTWDQQ

210 220

Legend:

@™ =helix Conf: .21 |J|r[ = confidence of prediction
=strand Pred: predicted secondary structure

—— =coil

AA: target sequence

(& 7. TR RS ER A FR Bl — R 454
Figure 7. Predicted secondary structure of cloned gene
expression. website: http://bioinf.cs.ucl.ac.uk/psipred/.
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& 8. iR EMFIA = REETTN

Figure 8. Predicted tertiary structure of cloned gene expression.

99 -Magnaporthe oryzae 70-15 (gi351639556)
Togninia minima UCRPAT (g1631247229)
Verticillium dahliae VdLs.17 (gi346979264)
Colletotrichum fioriniae PJ7 (gi615449823)
‘Metarhizium robertsii ARSEF 23 (gi629708404)
Shiraia sp. SIf14 ~<C=—

65| 74 Aspergillus clavatus NRRL 1 (gi121703606)
0.2 82|jConiophom puteana RWD-64-598 SS2 (gi392591195)
Rhizoctonia solani 123E (gi660969014) Fungi
99 94 Cryptococcus neoformans var. grubii H99 (gi799318796) I
100]_|Cryptococcus gattii Ram5 (gi757333292)
100'Cryptococcus gattii 99/473 (gi761936646)
.......................................... 100Huperz:aserrata(g1381392359)
Huperzia serrata (gi381392357) l
99 -Medicago truncatula (gi657403030)
81@0&0%) cacao (gi508787141) Plants
82 ‘Arabidopsis thaliana (gi15242690)

Medicago truncatula (gi657401220)

[ Oryza sativa Japonica Group (gi29244683)
100 I—Chlamya’omonas reinhardtii (gi158281701)

9. BT REBFIRENMERBRERRAEERGH LR T
Figure 9. Phylogenetic tree based on neighbor-joining analysis of amino acid sequence of fungi and plants LDC. LDC
of Shiraia sp. SIf14 is highlighted by an arrow. Bootstrap values (%) out of 1000 resamplings are at each node. The
tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances are in the units of number of amino acid substitutions per site. The
indicated scale represents 0.2 amino acid substitutions per site. Each accession number of LDC amino acid sequences
of fungi and plants is in each bracket.

3 3t WA NI AT SRR, HIRRT %
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G BB BRI FEARZ R A A s 1R
A — . AP O R R R i (LD C) M
il e E AL (CAO),  H T A D SOk 182
M 12 4 TR K SRR GALDC Y 5 CA0M,
N WA 18 e R Je Rk N A B TP ILDC, AR SCE
W= A AZHE 1 i 2 A A2 WA B Shiraia sp.
SIf14Hh R AN R IR HILDC,

H TR G AR Trx AR B2 W E 4 5
LDCH I ] P K sg LD C RIS M, AL
B LD CHE A 0 531 3% 45 B 2 4> R AR AR BT pET -
22b(+) 5 pET-32a(+)H kAT F IR L . 452REH
A TCTrx AR AR X R IX R LD CHE H A Al i 1
LTS PR T W 22 o R T e
a2 LDCE M EILDCL . LDC2, 524
Fed, TEHEALME BT AR S BRI LDC Y
LDC2H K%, SLDCUR AL 75 4G
M7, = A R iE 5 BT B A5 H T o L i
—E, (HR BRI OIEE A ZBOR; TEREE T
AT, 30 TG A A 2 1 A= 80 g % PR 4 A
Bunsupa il i 41588 K BLTE SR ) 1Y
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Wy R EVE T I ELIZ A i Y 2 B R R
5 F BE 23 R A BN LD C R 1 2546 DT 50722 T2 1
o FRMG, AT SCHRHR 1E JL A LDCHY %5 [H] 25 A4 Al
PRSP FeA DR HORS B ) L T LD CAiE AL A 28R 5 1
J7 e SOREAILA i 2 — 20 BB

WeAh, MR RGEHAR 30T, TR 2
Z R HH, Shiraia sp. SIfF14fLDC 5K JE T
Aspergillus clavatus NRRL 1A 85 H ) & FE R
Jr S AL B, T AR IR F Cryptococcus
neoformans var. grubii H99 . Oryza sativa japonica
groupMChlamydomonas reinhardtii=F i LDC2 Jk
MRIP IV BR X B o 5 —J7 1, KT Shiraia
sp. SIfFI4/LDCEILMRIFHI MK A1 EHY
Huperzia serrataft)21 P H AR K25 57
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Molecular cloning, expression and characterization of lysine
decarboxylase gene of endophytic fungus Shiraia sp. SIf14 from
Huperzia serrata
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Abstract: [Objective] Huperzine A (HupA) was approved as a drug for the treatment of Alzheimer's disease. The
HupA biosynthetic pathway was started from lysine decarboxylase (LDC), which catalyzes lysine to cadaverine. In
this study, we cloned and expressed an LDC gene from a HupA-producing endophytic fungus, and tested LDC
activities. [Methods] An endophytic fungus Shiraia sp. SIf14 from Huperzia serrata was used. LDC gene was
obtained by RT-PCR, and cloned into pET-22b(+) and pET-32a(+) vectors to construct recombinant plasmids pET-
22b-LDC and pET-32a-LDC. These two recombinant plasmids were transformed into E. coli BL21, cultured for 8 h at
24 °C, 200 r/min with 1x10~ mol/L IPTG into medium to express the LDC proteins, respectively. LDC proteins were
purified by Ni’" affinity chromatography. Catalytic activities were measured by Thin Layer Chromatography. At last,
the physicochemical properties and structures of these two LDCs were obtained by bioinformatics software. [Results]
LDC and Trx-LDC were expressed in E. coli BL21 successfully. SDS-PAGE analysis shows that the molecular
weight of LDC and Trx-LDC were 24.4 kDa and 42.7 kDa respectively, which are consistent with bioinformatics
analysis. In addition, TLC analysis reveals that both LDC and Trx-LDC had catalytic abilities. [Conclusion] This
work can provide fundamental data for enriching LDC molecular information and reveal the HupA biosynthetic
pathway in endophytic fungi.

Keywords: lysine decarboxylase, endophytic fungus from Huperzia serrata, huperzine A, cloning and expression, enzyme
activity
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