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produce PUFA at high efficiency, we developed a protein complex analysis technology in Synechocystis sp. PCC 6803, and

applied it to identify possible partner proteins interacting with the key enzymes that catalyze PUFA biosynthesis. We first

constructed a recombinant expression of protein of sIr1609 encoding the fatty acid activation enzyme, by fusing 3xFLAG

tag with the target protein. Then we verified its expression by Western blotting targeting 3XFLAG tag. To maximize

purification of Slr1609 protein complex, we optimized the protein expression conditions of SIr1609 in Synechocystis in a

5 L fermenter by monitoring its gene expression using RT-qPCR. The purification of the SIr1609 protein complexes was

demonstrated by a Native-PAGE analysis. Finally, LC-MS/MS proteomic analysis allowed identification of the possible

partner proteins interacting with Slr1609.
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[22] (TAP)

PCC 6803 (FAS)

Von Berlepsch (1]

slr1609
PCC 6803
slr1609
Gao ¥ slr1609
slr1609

slr1609%*

1 HHE57*®

11 Btk RAEFIERFH
Synechocystis sp. PCC 6803  American
Type Culture Collection BG11

30 °C 50 pmol/(m*s) 130 r/min
[24]
pACYC184
Escherichia coli LB 37 °C 200 r/min
12-24 h
12 RERRRIME
slr1609 C 3XFLAG
Cyanobase
slr1609 (http://genome.microbedb.

jp/cyanobase/Synechocystis) Primer 5
R1 3xFLAG ()
1 PCR slr1609
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C 3xFLAG
slr1609
3 1 kb F1 R3
PCR 3 kb
DNA ( 1) PCR 98 C
30s 98°C 10s 72°C 10s 72°C
1.5 min 30 72 C
5min 4 C 3 kb DNA
PCC 6803
PCR

#*1 Fh& PCREFHSIY
Table 1  Primers of fusion PCR

Primer name

Primer sequences (5'—3")

slrl609-F1  GCTTGAACCATCTCCACGCTTCG
slr1609-R1 TTACTTGTCATCGTCATCCTTGTAAT
CGATATCATGATCTTTATAATCACCG
TCATGGTCTTTGTAGTCAAACATTTC
GTCAATTAAATGTT
slr1609-F2 TTACAAGGATGACGATGACAAGTAAA
GCTGATAGAAACAGAAGCCACTGG
slrl609-R2  TTACGCCCCGCCCTGCCACTCATCG
slrl609-F3 CGATGAGTGGCAGGGCGGGGCGTA
AGAACCTGTTTATAAAGTCTGATTC
slrl609-R3 GGAATGGCTCCATCGGTCCAACTG
3xFLAG F2
=
mecamull 0
P
\ R2 J
Fusion PCR
et ] |
Target |Downstream

In Synechocystis sp. PCC 6 803

Bl M#E PCR7IZEIEAN 3xFLAG iR RIE
Fig. 1 The principle of fusion PCR to introduce
3xFLAG label.
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1.3 RT-gPCR (Reverse
quantitative PCR) 2 #f
RT-PCR

slr1609 rmpB
2 3d 5d
3 ZR RNA
MicroPrep™ RNA Kit (ZYMO) RNA
SuperScript® VILO™ c¢DNA Synthesis Kit
(Invitrogen) RNA cDNA

Power SYBR® Green RT-PCR Reagents Kit (ABI)
PCR

PCR 95 C
15s 60°C /

1.4 ZERMERRGN

transcription

10 min 95 °C
1 min 40

141
1L 5d
PCC 6803 4 C 7 500 r/min
15 min 10 1.5 mL
(
0.1 mm) 100 pL (20 mmol/L
4- (HEPES) pH7.4 10 mmol/L
MgCl, 5 mmol/L CaCl, 20% 1% B-DM)
PMSF 1 mmol/LP
( ) (30s 2 min
4500 r/min 6 )

%2 RT-PCR 3%
Table 2 Primers of RT-PCR

Primer name Primer sequences (5'—3)

slr1609-F AGTCCCCTGGGCAACAAAAG
slr1609-R TTTGGGAAATGCCGAAAAAG
rmpB-F GTGAGGACAGTGCCACAGAA
rmpB-R GGCAGGAAAAAGACCAACCT

1.4.2
Gel 1)  ANTI-FLAG M2 Affinity
Gel 10 ulL 4°C
8 000xg 30s 2)
1 mL Gel 4 C
8 000xg 30s 3) 1
1) Gel 1 mL
2)4°C 4°C 8000xg
30s
Gel 1) Gel 1 mL
Gel 4 °C 8 000xg 30s
2) 2
1) 100 pL

(20 mmol/L HEPES pH 7.4
10 mmol/L MgCl, 5 mmol/L CaCl, 150 mmol/L
NaCl 20% ) 6 uL 5 pg/ul 3XFLAG
300 ng/ulL 2)
Gel lh 4°C
8 000xg 30s

peptide

1.5 Western blotting #& i 4k 4k 7=44)

[26] Western blotting

20 pL ( 300 ng)
SDS-PAGE (12%)  Native-PAGE (5%)
PVDF
FLAG
IgG
ECL Chemi Doc
XRS+
16 ERRESHHSHIRIEERE
20 pL
Native-PAGE (Sigma)
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)

Data Analysis Software
mgf
Mascot search engine version 2.3.01
PCC 6803 (
NCBI) Mascot
MOWSE m/z
MS-MS
Database: PCC 6803
Taxonomy: All entries Enzyme: Trypsin Missed
missed cleavage: 1 Fixed modification:

Carbamidomethyl(C) Quantitation method:

None Varied modification: Oxidation(M),
Gln->pyro-Glu(N-term Q) Peptide mass tolerance:
+0.1 Da Fragment Mass Tolerance: £0.1 Da

Mass values: Monoisotopic

ESI-QUAD-TOF

Instrument type:

Mascot score

14 (P<0.05) (Sequence
coverage) >1%
2 BEXRE4H%
2.1 sIr1609 REHREIHIE

PCC 6803
PCR PCC
6803
3xFLAG
PCR
F1 R3
PCR
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slr1609 3xFLAG
PCC 6803
1 kb
PCR 3 kb
2 kb
2
2.2 RITHKIEFERTE AL
PCC 6803 3d
(271 3d
5d RT-PCR
slr1609
Xo
XOSd /ond: 2—(AC§°‘ —AC3Y)
Cr Cr ACt
( 3) XM 1
( 3
bp M 1 2
3000 — '
2500 —
2 000 —

2 B®%PCR
Fig. 2 Colony PCR. M: DNA marker; 1: wild type; 2:
mutant strain of slr1609.

% 3 slr1609 #0 rnpB #Y RT-PCR C {&
Table 3 The Ct values of slr1609 and rnpB
3d 5d
24.548+0.338 23.787+0.180
17.244+0.031 19.040+0.177
7.304+0.369 4.747+0.357

RNA preparation, reverse transcription and real-time PCR

slr1609 C;
rmpB Cr
Relative quantity ACy

were performed as described in section 1.3.
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Relative transcript level

S = N W e W N
— T T — T T — T 1

£(d)

3 FEIEFRETE S sIrl609 BY4E X FRiA £
Fig. 3 The relative transcript levels of slrl609 at
different cultivation time points (days).

5d slr1609 3d

23 ™ 3xFLAG mZEBMEHBFTIE. 4k
& Western blotting 5> #4f

UniProt (http://www.uniprot.org)
slr1609
77.7kDa  3xFLAG 2.7 kDa
80.4 kDa
200 mL 5d slr1609

BugBuster Master Mix (Novagen)

Western blotting (12% )
3xFLAG 4 slr1609
slrl609 C 3xXFLAG
PCC 6803 3xFLAG
3xFLAG
24 MMNEARESHRAUHR
1L 5d sIr1609
20 uLb

Native-PAGE
( 5A) 10
Western blotting

5B Western
170 kDa

blotting
FLAG S5A
slr1609
170 kDa
Sir1609

4 Western blotting 383 3xFLAG #rERIFEANS

Fik

Fig. 4 Confirmation of 3xXFLAG tag by Western
blotting. M: protein marker; 1: wild type; 2: mutant
strain of slr1609.

Protein
complexes

= 170 kDa

5 Native-PAGE 12l @B RE SR LR
Fig. 5 Analysis of protein complex purification
efficiency by Native-PAGE (A) and Western blotting
(B). (A) M: protein marker; 1: purified proteins from
the sIrl609 mutant; (B) 1: purified protein from the
sIr1609 mutant, diluted by 10 folds.
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SIr1834 I P700-
a
25 BRIEERMA SIrl783
NarL
NanoLC-MS/MS SIr0415  ATP
PCC 6803 S110350
+0.1 Da  P<0.05 SIr1609
Native-PAGE SIr1609
5 ( 4 SIr1834 SIr1834
30 3 2 SIr1783  SIr0415 3
(P<0.05)
4% SIr1783 21 1
(P<0.05)

6% SIr0415 19 3 S110350

1 SMART (http://smart.embl-heidelberg.de)
(P<0.05) 3% S110350 19

3 1
(P<0.05) 1% SIr1609 SIr1609
18 1
(P<0.05) 2% (
LC-MS/MS )

%4 LC-ESI-MS/IMS #MERRESHKER
Table 4 Database search results for LC-ESI-MS/MS identification of protein complex

Protein ID Protein description Mass (kDa) Score Coverage (%) Peptides
Sir1834  photosystem I p700 chlorophyll a 83 30 4 VSVDNNPVPTSFEKVSVDNNPVPT
apoprotein al SFEKDIPLPHEFILEPSK
Sir1783  probable transcriptional regulator 32 21 6 FQSLPVVFLTARGMTGDR
ycf29
SIr0415  NA(+)/H(+) antiporter, putative 76 19 3 NELLLQQATELATNLKVDAHPALR

NELLLQQATELATNLKVDAHPALR
NELLLQQATELATNLKVDAHPALR

S110350  hypothetical protein 88 19 1 FANGLLLADRLRFANGLLLADRLR
FANGLLLADRLR
SIr1609  AMP-binding protein 78 18 2 SLGALIVPNFDALQK
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