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AR B0 B RGBSR ) Ns-PeyA
M pa e ek B Mooy 185 Ky 2k

L RBEL,F O ®LVE &, &, R

LG R R 2 AR SRR e 1AL B 4450005 2. A48 B A4 5 R 1AL & 58 S0 = L AL EE 4450000

B OE CHUS B AICK B IR E A 4R G R T SR R A i X R (PCR) A @t il A His An B H 414
T SDS-PAGE 3Kk S0 56 5 15, Fa b 5 3R 35 B AR 8 il A0 B I R BB L ) Ns-PeyA  JF % H R A
WA ATRERL AT . G5 A R B K B R AR B AR R 3L Ns-PeyA B 51X 41K 744 bp, T 2
M—& 247 NHEAER I E A BIKEE . Ns-PeyA 5[5 J8 I A 3 A db 9 8] I8 2 1203 198 07 51 8040 UM 7T 36
95.66% , I3 H & MM (7 4> Cysteine 58 3) . LIS B BR B (Nostoc punctiforme) i MR, B Al K Ns-
PeyA EEHZIKEER C R Z A E RN, 18 B 8 A7 5 & FE R A B2 B i 20 Tk 275 . Ns-PeyA
AR T RE VR T 0 A AR 3 00 [7) R 3 R T 5 2% R A R R 5 3 A BR B Pey A SRR R W 4y 2. X R
PeyA ZER AW REFE AR RSBk B P Al REF=E 25 . M@ Ns-PeyA JE R 1Y 8RB, H 2 KB FT
PR IR TR 29.0 ku (B . SRS B R , Ns-PeyA B0 T AL o BIER B 47
B W A L o BRE RN B I Ot — I R = e b SR A R AN R O R A A 5 A e i
B o BBGE T 8 AR AT BHT & A Je FH A BB — K WA . ARBFSEEE R IRA T AT &S Al K 3 i

JIE 2 B4 20 9 AR R B 5 T X R A

ESSACIE R SRR S SR S L R ([P SN (S 1

RESES QUl NHERARER A

JE K% ¥ 25 (prokaryotic algae) , 3 A 4 F# =
SERE YR 43 F R L 0 R 1 AN i ) S
5 EEM RS TEE Wb b L Rk . K
Jea R 32 240 M A% 2 B I 4K (phycobili-
some) , ¥ (blue green algae) , R 1% 4l # , #K &¢
PR R AR O % 3 O RE L A SR B B R
SERLYINT SRR AL AR R b IR £
THEEASAAMESATFSEGNERSFES
Yol EEHZE M (phycobiliprotein) £ H o«/B i
S H T FE 4 AR, 1 35 IH & (phycobilibins) BJ
O L 0y I DU Mg A S . AR R I
PR B E L S AR S 25 06 MR R g0 o

SR A b R S R RS 3
KRV YLE A Y s L 2] 5 S5 R AT K is it
THEAE . HEME R AL S Z AR, i H DL AL A A
5 LA Y 2 KBRS A WO MR G RE .
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TF R E KBTI BA 2 L AR e b
FNOR 5 3 3R Bk S0 B 1 ad JRU M G B L [ Ns-
PeyA T2 R A R 35 OF #R 98 L A w2 4s
g Rt — 2B TRT i FITT R 6 A1l oK 38 1 IH R R
24 P 5 AR B A

1 ARG R

1.1 AR5 # R AR 5

B ALK AR 1AL B S I . Ay v B
BT AW, #K% W T KiE x5 %N A
(TaKaRa) ; 5|9 i 4 W73 2 7 A AL,
1.2 DNA BJRE

BAIK B DNA #28l0SZ Rk ikt . Bk
LR  BERE L TC R K Mk 4~5 L R T
PRBE IR I 2 3~ 4 R 4 A B LA 4 4
HFREEEEREEA 2.5 mm G, #4758 DNA
4. B 0.1 mg B AE S 800 pL CTAB 42
RGBS 65 °C /K 30 min; B0 5 min
FWHWRE THMNELE D, 2810 — 5L
(24 = 1) Ak P9 5 B &35 W 5 I BEDLTE » 75 Y0 1 & B
Ve A BT . &% RNA B ddH,O & f#. T
—20 CUKFHRAE .
1.3 PCR &

PCR W& &y 84 DNA 1 pL, Go Tap
G2 Green Master Mix 5 pLL, 5| ¥REW 1 pL. %k
i ddH.O % 10 pLs W 2P A 95 °C 3 min,
95 °C 30 5,50 C 30 5,72 °C 45 5,72 °C 5 min,
16 °C 10 min, ¥ 3EE R E A 30, 4 PcyA 3
K (O. lucimarinus CCE9901) [ E & %1 43 #r B A1l
K XF I HE R 4 (Locus, NZ_CP031941) % H 1Y
B F A, it Ns-PeyA 3EHE W51 R, g
Ns-phyA-F-Ndel: GGCATATGTCATTTACT-
TCTATAC; F i NsphyA-R-EcoR1: GAATT
CTTATTTTAATGTTGGGAG,
1.4 REBHEE DNA

HE DNA 5 pMDI18-T 4%, R 42 “CH#
WAL EH RS AR AN, £S5
A E (Amp. 100 pg/mL) B FEA LB 5 5% 3 - i
VERATE TS, PRI VK 37 C R 14 h 5 HEAT IR
R 3 BOT I
1.5 FRiEHEHE

FHIBRHIE N VI EcoR TR Ndel 43 51 %
e H B9 FE R A9 5B DNA FI pCold T # 4K 947
AL 8K 5 T 356 R 5 B R 4 P Ak 1 34k, AT

T4 DNA ligase 2 W . % 5 1K R AL KB AT
A DHSa, P28 B0k 32 ORI 3 245 o 5 41 %
IKFURL . H YR R0 R b AR T R SR
1.6 FINEEAEMTHT

XFHMEERE PeyA 4l 8 A 2 W 7 5, £
X} Nostoc FJ&@ 3 K ¥ 5] , NCBI(National Center
Information ) #£ £k H X
BLAST Hi Clustalw(https://www. genome. jp /
tools-bin/clustalw) 73 #1; K H MEGA # @t % T
Neighbor-Joining J5 ¥ i & GE AL A s B LK Ns-
PeyA FE R 415 25 A 4549 43 81 2% F Swiss-model
(https://www. swissmodel. expasy. org/) & T
J7 50 AR AR 1 43 5 A4
1.7 BREAWRIE

H 0 7 T W 0 R 2H R 0K BORE S A 3RO TE B
BL21 4iiffg+h, #47 0. 1 mmol/L IPTG S £ ik
4~12 h, 175 O 4 A0 L (R Ty 66 W, I ]
4~10 s, A 3 W, B 10 s) . il £ 2 3k £ ik
17 SDS-PAGE 44 .

2 HREAMN

2.1 E 1K Ns-PcyA EE=E

PL CTAB B4 BUE ALK B DNA S #EAR # 1 7
B 51 9 PCR., PCR =12 10 g/ L B fig bk
BTk (B 1-A) . 51 8RS | DNA 431 &b
WD, HAYEHEKE (KDY a8 1 &Kk
800 bp MFER W . 5 H 1y H P K/ANHAT .

[l H A DNA, 5 # /& pMDI18-T #%#%.
B 7 R A0 K AT T B TR R R R L R R
JEREEAT Ndel/EcoR1 XUEEYI . B3 IR Wi 5E 5 H
VK 5 R P AN I ) S0 B R (pl, p2) AH # T IR
DNA 4 F i & An fE (ML), ¥ e 2 4
DNA #7 &, Hoif & /N 5IE 800 bp, pl 5 p2 R AT
e M IE#G 7 B (& 1-B) . I 4307 s 7 388 52
& DNA 724#) 5 GenBank ' — B H 1 £ K DNA
(CP031941. 1, KBt 4 451 478 ~4 452 221) 5%
ML 2K 744 bp, A7 UG % AN R %Y
(TAA) . L7 2 % 3 i 28 4k UIA B 1 ik it il O
(phycocyanobilin: ferredoxin oxidoreductase) .
DL ESE R EEEAIK Ns-PeyA STHERY) .
2.2 PeyA ERRBEAS S Fitik

Ns-PeyA g% — & 247 & MR £ K
5 (Genbank, WP_118167897. 1), [& ¥ /¥ % It
X0 K% Ns-PeyA 5 H A LA [ U5 2 A

for Biotechnology
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IR IT 5 S AL M I8 95. 66 %6, I S BT fY & (2>, s FH#AR BoR, Bk Ns-PeyA 1R 7]
T &R (7 4 Cysteine) FEH (E 2 “# 743 AEIE T i AU A& 2R 3, T 7E & R A& 2R 3 (Nostoc
7N ) 5 FHEE S B & BR ¥ (Nostoce punctiforme) 1) 3 flagelliforme) F1 ¥ i /& B # (Nostoc commune)
WRGALEARER, Ns-PeyA GHR P 5 [) YA R OE SO 0 3 (L 3) . X TR HE R R
FATE 8 A8 o 35 1Y A s B . £ 45 N41D, R 48U 2R 1 D i AR ) 2 T BE AR AN [ & Bk vh o]
QI21E, T13IN and V196A % CRE = fMbrmn)  BRAFIEALSR.

A D1 K1

5000bp
3000 bp

2000 bp
1500 bp

1000 bp
800 bp

500 bp
300 bp

A PCR ¥ 373 81% H B A B (KD, D1 24 DNA 4 F RS I B. Ndel/EcoR1 Wk H A Bk
A. DNA fragment(K1) by PCR amplification, DI refers to DNA standard marker of MW(D1); B. Ndel/EcoR1 enzyme digestion of
target plasmids
1 PCRY¥EBEMERSHBYISH

Fig. 1 Gene amplification by PCR and enzyme digestion analysis

#

Nf-PcyA MSFTSMP SLREQQHFL IRQLADC IEAAVHOHLDL SPYHLPDELGYVEGRLEGEKLTIENR 60
Nz==PcyA MSFTSIPSLEREQQHPL IRQLADC IEAAWHOHLDL SPYHLPDELGYVEGRLEGEKL TIENR 60
Np-FevA MSFTSMPSLREQQHFPL IRQLADC IEAAVHQHLDL SPYHLPNELG YVEGRLEGEKL TIENR 60

LR R R R R R R R R R R R R R R R R R R R R R R R R R ]

# # A
Nf-FPcyA CYQTPQFREMHLELAK IGNMLD ILHCVMFFRAEYNLPMFGCDLVGGRGQISAAIADLSPI 120
Nz=PcyA CYQTPQFREMHLELAK IGNMLD ILHCYMFFRPEYNLPMFGCDLVGGRGQISAAIADLSPI 120
Np-FeyA CYQTPQFREMHLELAK IGNMLD ILRCVMFFRPEYNLPMFGCDLVGGRGQISAATADLSPI 120

LR R R R R R R R R R R R R R R R R R N R R R R R R R R R R R ]

##

Nf-PcyA QLGRILPESYTSALTQLTVLNFSQPRELPEWGDIFSDFCIFVRPSSPEEETIFISEVEDF 180
N==PcyA ELERTLPESYNSALTQL TVLNF SQPRELPEWGNIFSDFCIFVRPSSPEEE TMFL SRVRDF 180
Np-FeyA QVERTLPESYTSALTQLTVLNF SQFRELFEWGNIFSDFCIFYRPSSPEEE TMFL SRVREF 180

L R L R L R R R R R R R R R R R R R R R N L)

AL i A # ‘

Nf-PcyA LD IHCTQAIASHPVSSEQVTQNLAGQYNYC TEQQONDKE TRRVLEKAFGPAVAENTNTTVL 240
Nz=PcyA LDIHCTQATASHPY SAEQVWTONL AGQHNYC TEQOONDE TREVLEKAFGPAVAENYNTTVL 240
Rp-PeyA LDIRCIQAITSHPVSVEQVWTQNL AGQHNYC TRQQONDKE TREVLEKAFGPAVAENYNTTVL 240

(AR R L R R R R R R P R R R R R R R R R R R R R R R R ]

A A A

Nf-PcyA FDLPT=-= 245
Ns=FecyA FDLPTLE 247
Np-PeyA FDLPT-- 245

BE =5 £ 500 0 BRI S R A SR 4 AN 2 bk A R
Black triangles and “ # ” indicate typical site substitutions in amino acids and cysteines in sequences, respectively

2 PeyA EASERF 5L

Fig.2 PcyA amino acids alignment
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Nostoc commune

& Nostoc flagefliforme
Nostoc sphaeroides

Nostoe punciiforme MES-2108
Nostoc caldeola

Nostoc finckia

Nostoc minutum NIES-26

Nostoc cyeadae

TR A AR E T H AR PeyA FRTE )23 52

Each Nostoc species represents target gene PcyA on branch

3 PcyA

Fig.3 PcyA phylogenic tree

2.3 EE’JEE%&‘\

Ry i 2L W5 B A1 K B R 2R AR AR A iR
i, H E‘J%. Ns-PeyA i# % 6 A 3 ik # Ak
pCold T, $& W% ¥ 5% A6+ BTk , 28 35 B Wi 58 1t
WA 6 N (1~ £6)HEE £4 XTI #1

W KL AR AT A Sk IE B T AL R, I A RE BN,
4 kL H Y 3 B F 50 4E F 8k pCold T LR 4K
I (espA) i 8hF T i . B 20 3R 35 AR 2
o 4-A),

A 0 1 2 3 4 5 6 B Pm P1 P2 P3 P4
hw-"-'y-h“ﬁsu 200ku =~ ___:v,_ '
1160](]1-—- -
97.2ky == . —— |
66.4ku « E
443ku v o = =
e P a4 S
- e e P 290 ku w— —_— .-—
.
20.1ku s
14.3ku  mem L_ - a‘z ‘
A. Ns-PeyA ik BB IEWEGE IR FLIK , £ 0 NGB, 2 1~ # 6 4RI RS LB, I 2 4 S IE 80 B 415605 B, SDS-PAGE 43 #

HEE 1 Ns-PeyA Rk, Pm R 50 T RARUE . PL A P2 A ARE SAEA B L35 FTT0E R Y 5 P3 A P4 A5 S 05 FTLIE 5 5 )

A. Ns-PcyA expression plasmid by electrophoresis of agarose, # 4 is one correct recombinant plasmid among the clones referring to

negative control # 0; B. Ns-PcyA protein expression tested by SDS-PAGE, P3 and P4 respectively represent the supernatants and precip-

itates of the induced bacterial lysates, in contrast to the uninduced samples(P1 and P2) and the protein standard marker(Pm)

B 4

BHEE Ns-PcyA RiZFHRINEBQRIE

Fig.4 Ns-PcyA expression plasmids and protein expression

HAE LK Ns-PeyA T4 0% 8 154 1
K/NH 28,24 ku, B RIKEAK £ 4 Bk A K
FFE BL21 48948 0. 1 mmol/L IPTG %S, 435
IS MUEE M. 12% SDS-PAGE Hjk in & 4-

B Wn, B 098 M AH 8 45 #E 2 11 Marker (Pm 3k
D L TE 29,0 ku B AT WY AR (P4 JKIE) 11X
(P15 P2 ykil, KR5S KW 40 A& E
TH FLTE 2L R D T A B 3R R /N B
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. MR AEDTE A K LR (P4 Ik,
Hi kAR s B A R (P3 TKGED LR H Y
F A TE K A1 T Hr R 5 LA 33k
2.4 BEBEZEHELELLEE Ns-PcyA o F
kil

A IREE 09 4+ N T S 2 I8 CH = 4 A
MR EDIRE A JEml . S RSB R, B 1y 2
Kb Ns-PeyA B0 F F 245 o BRIEM
BITSFEMREEM R, o« BIEM BITS
HE— 25 I Bl = T e O Y A R Hp 5 A

o BRTE S A T AN 5 05 8 A4S B A B b TR TE
(i 3F A 235 E) o (Bl 5-B) L B BUEL K N #% . Ns-
PeyA NE & MARE R, HIKEEP A 4 4F
e N N s 2 2 =55 5 2k e i) 73 )
AT RIE R A, HEER TV 1R ¥
R B ELH B IE R B (Pey D FERTF i85 D 3
5 A B L SRR T W8 I IR PCB,
Ns-PeyA X fift e M B A7 ) 9 F1 ™ 9 79 e
N8 E ORI

Cl1 C2 C3 C4 C5 Cc6 7
A —— e i i ——
)% o Helix
— BIELHMXE
B sheet and other regions
B %1 #& Control Ns-PcyA

AB MR Ns-PeyA 3 FZMERE B 00 T 5 S 45 M B2 1 s AN ] a5 A LR AN 7 AR BERR (C1~ CD bRom

A, B represent Ns-PcyA linear pattern and advanced structural models. respectively; different secondary motifs and seven cysteines

(C1—C7) are shown in the results

5 PcyA 5> FHEHEE
Fig. 5 PcyA molecular modeling

3 it

K (Nostoc sphaeroides Kiitzing) & 5 [H

0B 2 [ IR R 2 A AR 55 e 2 A
Ao kR T I A W B R T AR R R IR A K
P AEAR R AR IR R Rk
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bk % 45 ) 1 A 5 00 o 7 56 28 4 i mb LA A 4R R 4%
HOGRE R Dy ARt Y, X B[] 43 S b A DR UL
AL BN S 51 B 1% A W) O 7E R € 1 2R R
BRI EE, [\ 58 A7 R B Sk
S MU GG T RE AN R] . S WE IR R AE A0
O EAR 2 W 20 R X 2 A AR B
WARER R TV, J5 # 76 % % & 9 0k | H ik 5 il
(Pey AAE I T IE B HE AR PCB . B
FLEAPUEAL HOSE IR 5 o e i 5 LT
PEEO I ORI S LB B R B AL K R R B
W PR JE L ) Ns-PeyA i ik — 20158 fiL I
REANK W R AR AR W) BT RS E T LA
— Ay I 2R X o R AR AR AR TR M R
AAIEFHAE . SEBR b 08 22 ki 1 i W IH R0
B PR S A M IR S 3X A o I R R
AR A T Z S T Iemb 0= gk, &
H ik H B JR B (Ferredoxin-NADP + Reduc-
tase, FNR) 4 2L Ay 5 45 & 2 R IR IR 08 &% 1 R
(FAD) #fi 5 , JFAE Sy v 7 1% 338 B v i) 31 22 4 0B
O3 TE AR 2 B Al AR b R AR T b R
NADP+ /& FNR #EAb [ I 9 56 o 2644 43 1l A
SR FL AT B 23 A RV RCE R AIE T FNR 5 Fd
) GG, Hor B R MR AR AR ) K KA R
F T E B A A RE VR I RO R A
AR B JIE 68 2R 04 i R R A 8 S L B
REFIE AL Y B SR . W B Poy A KGR )
REEIE PRV R & R AE U ar F AR IK P
FL, B8 Ns-PcyA 5JLA T IR R N1 [ IR & H
T AR OC R BT, O Ak A A SR AL T 4 T
Pt B RS ALK AT RE 2 A T A R A AR S R O
R N s 2 N 2 Sl I 1 rc N O L1 2 N
Ns-PeyA TEMR AN S BEH FEIR AWF 5T, PeyA
HES A Er PRI SR B R B, T
&R ILTRe R AL T Hemh o BB B A A
PRI A AT T o B AR MR AL R 4 (H B ALK
Ns-PeyA H FANBEEIE L — o/B/a o0 &5,
HoJe o as (8] Ko e w471 B 4 & i 28 T e ) Fi
TN B I B E BRI, AU 2 O S X B ke
OGSy G PR AL T B S, JF H L Ns-
PeyA s % 20 e 2 R 28 11, 5 I BB A8 A B Ikl
7 B A s 1T L 5 % B R 45 1 B AR R A
TR W] BEXT T Ns-PeyA 1 A XE & L RERE S
F 3L 4 SRE 0% A A B e SIS W) S R AT (HIE

Pey A JE 75 H & 10 ] 5% 28 8 01 S AL T e L 7 ik
—B U, B2 R MK Ns-PeyA 2, N
iR A Z S AR 3 S (B RO R S B
IRE S AR T 250

4 H

AR GE v e 5 A1l oK 0 2R Bk AU R 1 D
HH Ns-PeyA . FH76 K FF e 2h & ik B 1
B, ¥ H RG> S5 R4 BT 1R . Ns-PeyA
HE A RE N, RN FEAY o
RE N B P B S RS A I Ly ) A B
KA1 5 B K AZ L DT TR B = T 0 2 1R
TR, WSS R Ry — 20 TR AR ST R & B A1l K
b AR~ A o R S R 1
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Cloning, Expression and Advanced Molecular Structural Basis of Phycocyanin
Ferredoxin Reductase Gene Ns-PcyA in Nostoc sphaeroides Kiizting

WANG Haiyang' ., ZHU Gege', LU Chan',
CHENG Chao'*, LI Wei' and FANG Qing'*

(1. School of Biological Science and Technology, Hubei Minzu University, Enshi Hubei 445000, China;

2. Key Laboratory of Biological Resources Protection and Utilization of Hubei Province, Enshi Hubei 445000, China)

Abstract To explore the phycocyanobilin biosynthesis in Nostoc sphaeroides, PCR and other experi-
mental methods such as construction of recombination vector of fusion His tag and SDS-PAGE were
used to study the cloning and expression of the phycocyanin ferredoxin reductase gene Ns-PcyA. The
results showed that the total length PcyA in the coding region was 744 bp. which predicted to deduce
a polypeptide chain containing 247 amino acids. Compared the amino acid sequences of PcyA homolo-
gous proteins in several other phycophytes, the total similarity was 95. 66 %. With the Nostoc puncti-
forme as a reference, in addition to two more amino acids at the C-terminal, there was a significant
substitution of amino acids at eight sites; molecular evolution showed that the Ns-PcyA probably
originated from Nostoc punctiforme homologous protein,while it formed distinct branches with PcyA
proteins in Nostoc flagelliforme and Nostoc commune, indicating that the biological function of the
PcyA protein may vary in different Nostoc species. We successfully constructed recombinant expres-
sion vectors of Ns-PcyA enzyme gene and successfully expressed target protein of around 29. 0 ku in
E.coli. Ns-PcyA single molecule could form a binder-like structure, in which five typical a helices
were distributed on both sides of the periphery, while eight 8 sheets were sandwiched in the relatively
closed space formed by the helix on both sides. Taken together, the results provide experimental basis
for further exploration of phycocyanobilin in Nostoc sphaeroides.

Key words Phycocyanin; Phycocyanobilin ferridoxin reductase; Nostoc sphaeroides Kiitzing; Clo-

ning; Structure
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