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B =E.[8¢]#HELEFMassliasp.) UMI-21 kB LBLEREE A 5 B8 ACSyy A7 3 72 218 I BL B
(polyhydroxyalkanoate, PHA)& B PhaCyy 9 9h F 20 R AR & FRid R X 2 AFBg, F) RIS Ak %
%2 F# B £ Massilia sp. UMI21 & 3-# 2L T 8 (polyhydroxybutyrate, PHB) & s i& 12 ¥ ¢ £ &3 f&.
[ 5% ) AR R4 5 H A4S kR T Massiliasp. UMI-21 #) LEBLSRBE A A B4 2 B acsyy = PHA
4B AR phaCuy ¥ 38 /5 5 pQE-80L Jit 414 4%, -3 X M #F & (Escherichia coli) BL21(DE3)# # 2 4~
AR ey FaRIIRFZ; AR 6xHis #4461 E A ACSwy A= PhaCyys HRA 5,5-ZFRQ2-FARTF
B2) [5,5'-dithiobis-(2-nitrobenzoic acid), DTNB]% M| & 5 /& 14 ; 4% A AR 9 3£ 48 & A% % %t (one-phase
reaction system, OPRS), VA(R)-3HB # &4, iE ACSyy#= PhaCyy iX 2 #F B £ & & PHB & 42
thee., [£R] RAMET ACSwy #= PhaCyy & @ €A KL FH M BL21-pQE-80L-acsyy #=
BL21-pQE-80L-phaCyy, % 464F2]iE KA & E ACSyy A2 PhaCyy /= E 4 5 4 24.8 mg/L #= 25.6 mg/L;
ACSyy B o7& 77 #(0.148+0.011) U/mg. PhaCyy 845+ (R)-3HBCoA #9 kb7 7 4(0.102+0.011) U/mg;
A% B3 3k i (nuclear magnetic resonance hydrogen spectroscopy, 'H-NMR)&#7 45 % & 80, 1% )
ACSp-PCT¢p-PhaCren ACSyu-PCTcp-PhaCre A2 ACSyyu-PCTp-PhaCyy X 3 4 OPRS & 423 4861,
PHB, ZZ4 44 0.62. 0.76 #= 0.64 g/L. [ ] acsyy A= phaCyy 2 B T F8 X AT E AR & i
FORF T HFAFEA E R TIEEEE,; 3T ACSp-PCTcp-PhaCre AR %, ACSwy A% ACSp 2 A%
PHB = &34 m 22.58%, £ A A8 F 6491 JU T , PHB 894 A&~ SR #1 CBLARBE A 5 s B (acetyl-CoA

WIH: EFRBERRFEE(31971252)

This work was supported by the National Natural Science Foundation of China (31971252).
*Corresponding author. E-mail: hanxuerong@jlau.edu.cn

Received: 2023-10-19; Accepted: 2024-01-19; Published online: 2024-01-22



T 55 | UEYFIR, 2024, 64(4) 1163

synthase, ACS)& &, LBLAHBE A 09452 M. 1% PhaCyy /X% PhaCge, *T . ACSyy-PCTep-PhaCp, 22
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Abstract: [Objective] To obtain the proteins of acetyl-CoA synthase (ACSyy) and PHA
synthase (PhaCyy) from Massilia sp. UMI-21 by structuring an in vitro recombinant expression
system, and to elucidate their roles in the biosynthesis of polyhydroxybutyrate (PHB) using the
one-phase reaction system (OPRS). [Methods] Seamless cloning was employed to ligate the
acetyl-CoA synthase gene acsyy and the PHA synthase gene phaCyy amplified from Massilia
sp. UMI-21 to the pQE-80L plasmid to construct the recombinant plasmids. The recombinant
plasmids were transformed into Escherichia coli BL21(DE3), and the recombinant strains were
obtained. ACSyy and PhaCyy were purified using a 6xHis tag, and their activities were
determined by the 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) method. With 3HB as a
substrate, the one-phase reaction system (OPRS) was employed to validate the functions of
ACSmy and PhaCyy in the biosynthesis of PHB. [Results] The recombinant strains
BL21-pQE-80L-acsyy and BL21-pQE-80L-phaCyy were successfully engineered, with the
ACSmu and PhaCyy yields of 24.8 mg/L and 25.6 mg/L, respectively. The specific activity of
ACSymu was (0.148+0.011) U/mg, and that of PhaCyy for (R)-3HBCoA was (0.102+0.011) U/mg.
Nuclear magnetic resonance hydrogen spectroscopy ('H-NMR) results showed that products
from the all three PHB synthesis pathways, ACSp-PCTcp-PhaCgre, ACSMy-PCTcp-PhaCge, and
ACSpu-PCTcp-PhaCyy, in OPRS were PHB. The yields of PHB via the three pathways were
0.62, 0.76, and 0.64 g/L, respectively. [Conclusion] The genes acsyy and phaCyy can be
overexpressed in the E. coli expression system to yield active soluble proteins. Compared with
the ACSp-PCTcp-PhaCg. pathway, substitution of ACSp; with ACSyy increased the PHB yield
by 22.58%. The yield of PHB was contingent upon the stability of acetyl-CoA synthase (ACS),
which provided acetyl-CoA for reaction under identical PhaC. Replacing PhaCg. with PhaCyy
decreased the PHB yield by 15.79% compared with ACSyy-PCTcp-PhaCge. The polymerase
PhaC plays a crucial role in PHB synthesis under identical precursor concentrations.
Keywords: Massilia sp. UMI-21; acetyl-CoA synthase (ACS); polyhydroxyalkanoate (PHA)
synthase; polyhydroxybutyrate (PHB) synthesis pathway
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¥ HL 8 Wi BR s (polyhydroxyalkanoates,
PHAS) & A= ) 78 B 1ok 0 F G0 Bl 92 46 46 0 75
A E R R BRI B2 R LUSTRLIE X e 4
N KA EER E o T REDN . R
PHAs BLK i[5 F AU A E . PHAs 2500
M2k . 4% PHAs (short chain length PHAs,
SCL-PHAs)f1H 4% K PHAs (medium chain length
PHAs, MCL-PHAs), HA MMatkBI5ER )12
FEHERER, Hrh SCL-PHAS Bk F % 3-5 4>
B I, A LA R AR W 5 e 1 5 A
FEELRPAEARL, BRI AT DA R A 8 A A SR 20 Y
AR,

¥ 3-$3L TR (polyhydroxybutyrate, PHB)
J& SCL-PHAs MR, Hir, c ke
FOtRE . fLRE B AR SR 65 NME UL
300 ZFPGUAEYERRE £ PHB, 0. ZFAEFFE
J& (Bacillus)™ | [ % 14 J& (Azotobacer ) Al {5 2 fity
i J& (Pseudomonas) %% i3 6 AN [i] ] Ja 9 fl 2B
Yy 2E PSR R A K PHB, 724 Ml 72
H SCHEVE R Y2 3 R, 23l 1 phaA. phaB
M phaC #4651y B- i i ff Bt (B-ketothiolyase,
PhaA), NADPH/NADH K #i 7% 2.t 2 Bt 4 i A
it J5i [ (acetylacetyl-CoA reductase, PhaB)
PHA 4 i} (PHA synthase, PhaC), H1 ¥4 F £k
i A KRIKZ5T PhaA £ C 0 R A,
% PhaB /E AR (R-3-32 5 T BEH G A
[(R)-3-hydroxyacyl-CoA, (R)-3HB-CoA]J5 %4: PhaC
(AL 2R A 2 PHBY. 6K 240" PHB 4114
KN, CTRERE A 25 AR, DRk
DSEF, 38 A T A A S ) D TR R 2 3 1 7 o
AW SRR R O AT A MR
(FR) kR, CBEHEE A S U E
AMP-ACS (LR EAR)S PTA-AK (LR IE
ED AR A B, B P A T A MR EE T
AR PHB A MR Hik, madiits
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AT A 15 B3R = PHB 7 i Y H AT,

UEIT, WEIE AT IARAE T A A e
U B PHB A9 3818 (Massilia), 3818
(Massilia)REFI| FH BT A2 10 2427 PHA, &
Az 7] G ) SRR A R e . Hop,
A AT BANAT 2853 85 S — AR LAVE Ky . 22 ZEME R
ZF —WEE R ME—BR U™ PHB MY, BN
P (Massilia sp.) UMI-21"% ) 28 5 UMI-21
LA RE A 228 0 AS B8 A1) FH SO0 15 A Al 05 7 A
&L, IXAT B 5 TR AR A 20 B BT 20 R B s A Ok
S & #= % /R Wi G 7 (Ralstonia eutropha)
], Massilia sp. UMI-21 ) PHB & i AH ¢ &
K4t T 24 PHA SRR, #fEDH H phaCl
12 PhaCl'™, fH254 PHB 4 miig 42 d i
KBTI RIN . S350, ZTARGRAS AT A
B U acswy B BE RIS P A A

HR A R Ak PHB 16 B B2 95 S AH 56
Mg, B9 N G RS D it e 35 AH DG AR Sl A Ak
A, d G T BT R T 2 FRSMG K
RE, — PR TE 22 Wik b s AR S 2 2 35 10 i
P2 HE 55 Tl P 5 1 B R AT SR Y BRI o A
Z (one-phase reaction system, OPRS), % —Fjj&fdi
JH TR 55 T ) T S 48 S5 1o AR AR SRS BT AR I K -
IR I i R A NE i S I VA AN
(two-phase reaction system, TPRS)!", &4 5 KL
R G BURRTEMW . RO ATAL . iR
WUE I A, AT PHA JF & . BN 1K
W St A L T RS Bh BB 9 TE S5 T BT DL
AHFGEFIH OPRS #3113 45 PHB & i1,
HJ5 T Massilia sp. UMI-21 1) ACSyy Fl PhaCyy
VB OB A LA B AR R G0, Sk
TEG 1 PHB 2 g IEE . 1H 5, FIHIEEK 5
JRE A 5 ik acswy il phaCuy Y3 ik 14
i Hk, RIS N R ERE R EA
W R R 2 MR, SRT 5.5- L
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(2-fiF 3 2K B R ) [5,5'-dithiobis-(2-nitrobenzoic
acid), DTNB I 5E ACSyy Fll PhaC g Fili 6 7 5
i, it OPRS KR, MG K&,
XT 2 FhEETE PHB & BGEFE H A B RE R 75k .

AR

1.1 #8
1.1.1  E#RFARR

A S5 I ¥ 1 T %€ 1 (Massilia sp.)
UMI-21. K#T 1 (Escherichia coli) DH50., K
AT BL21(DE3)¥ Hh A 52 36 2 (%17
1.1.2 EFE

LB 55353 (g/L): WA I 10.0, BEREHREL
5.0, NaCl 10.0. [EAEEFRILS NN 15.0 g/L
Bifg, 121 °CK A 20 min.

R2A 55375 (g/L): 3.2 g R2A Liquid Medium
INFEEMB T 1 000 mL ZE58EKH, 121 °CKEH
15 min,

1.1.3  FERFALEE

JREE M . e RRER Y, FEERCHER B
Nl HilG A (CoA). ZFBEHIEF A. (R-3HB.
ATP. DTNB, U&7, GIEFHSEAYRHA
FRTTAE2s 7] 3 R2A Liquid Medium, 7 & & BHY
ol PV A B R PR | A TR R A
DNA $&PGLA &, RIRAEMRE L) A RA
H); 2xPhanta Flash Master Mix /=5 E DNA R4
fitf . ClonExpress Ultra One Step Cloning Kit, g
SRR YRR R A BR S E] s BRI )
fitg, AFACAYHARACE)ARA A,

PP P RRAN T 2 A R IR A
R E] SEAM-AT WAt BT, ST
B 78 AL, B ORAEAAER T i dtdR
W4, Bruker Daltonics 23 H) .

1.2 acsyy 1 phaCyy £ F 72 &
PEHL Massilia sp. UMI-21 HE7E 17161k

G, BHEEE 5 mL B R2A 550, 30 °C,
180 r/min B FE W5, 4 000 r/min B.[> 10 min
WA T, A 4k 2 UL 41 DNA, H
R BRS BT L 2] DNA  $2 R #5106 1
SEEL J(=

MR 4 4= JE R 2H I e 45 2R, 11 acsuy 9 PCR
P 859 Facsyy (5'-accatcaccatcacggatccATGG
AAGATGTCGTCATCGTGG-3")Fl Racsyy (5'-aa
gctcagctaattaagctt GCCCAACGCGCTCAGTC-3"),
phaCyy i PCR ¥ 14 5|4 FphaCyy (5'-accatcacca
tcacgATGCCTGACCCCCAAGCTT-3")1 RphaCyy

(5'-ccggggtaccgagct AAGTGCATCGACTGTCTG
AACG-3").PCR [ Wi 1AZ : B[4 DNA 1.0 pL,

F . FUESI#(10 pmol/L)4% 1.5 uL, 2xPhanta
Flash Master Mix F{#HE DNA R4 10 uL,
ddH,0 #h3E#] 20 pL.PCR S 4544 : 98 °C 3 min;
98°C 10s, 60°C5s, 72°C 10s, T 35¥K;
72 °C 10 min; 4 °CIR£AFF.
1.3 &EHBHHEMRA acsyy M phaCyy ELHE
MHES5ELE
1.3.1 EHEFHE

B acsyy (BamH 1 A1 Hind IIN#I phaCuy
(BamH I #il SacI) PCR P=#)4% 3.5 pL, 5% 0
(AR R D057 s A 3 ) 2R 3R 84K pQE-80L 1.5 pL
IRA 5 MAZ] 5 uL ClonExpress Ultra One Step
Cloning Kit, 7E 50 °CiE$z 30 min, S ™ )4
AL 100 pL E. coli DH50 B2 254008, fin
A 900 uL LB, 37°C. 180 r/min &£/ 1 h J5, &
A5 £ LB-Amp (100 mg/L)3% 35 I i 18 BH A v b o
1.3.2 FHEHERE

B acswy R H 410k (] BamH 1 5.5 1)
YIRS, 1% R WEEE R FiL UK e A SR I8 A Bt
KNG BRISAEMEA 53T LR . 7% phaCuy FE 1
2 FORL{S 514 FphaCyy Fl RphaCyy 74"
e, 52 AR G S5 ST LT IR . 5

http://journals.im.ac.cn/actamicrocn
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WERL R I A T B0k B A H S
acsvy Fl phaCuyy I B 4L Tk 435l 5 A BL21(DE3)
R MM, WA T LB-Amp (100 mg/L)}53%
5, HiRERKHEE.

1.4 ACSwu#A PhaCyy BIKINRIERIFS

ZHMmik
ACSyu E 235 # BL21-pCold TV-acsyy

BEFT 5 mL LB-Amp (100 mg/L)}5 35k,
37 °C. 180 r/min 53K . LA 1:20 (9 L fil%%
FEF I 50 mL LB-Amp (100 mg/L)E5 355k,
37 °C. 180 r/min ¥55% 4 h J5 o Wimidl, —4
X IPTG %, B—4mA IPTG (&K
0.5 mmol/L),30 °C.180 r/min 535 16 h, T- 4 °C .
12 000 r/min &5.0> 30 min WCEBERGTIE, 10144
BARTTIER A 2.5 mL PBS ZZ (10 mmol/L
BEmREL , 150 mmol/L NaCl, pH 7.2-7.4)H B 14
T, URRh 2 WS, PR A S GEE S A5 I
2s, [AIf% 2s, #A 10 min, EE 2K), 4°C,
12 000 r/min #.0> 30 min 4355 i MTTTE AT
SDS-PAGE 5l

FHRIREIL . HEARM BL21-pQE-80L-
acswu, 37 °C. 180 r/min ¥ 3% 4 h J5, ¥/ IPTG
(AW 0.5 mmol/L)J5 1555 16 ho 75 S iR E 6
37, 30, 20 F 15 °C, fLAb Rk A IR

IPTG W Bk . AR Pk BL21-pQE-80L-
acsyu, 37 °C. 180 r/min 53 4 h J5, ZFRIEsin
ZRPEE 0.2, 0.5, 0.8 mmol/L IPTG, 15 °C,
150 r/min 5557 16 h, AL SR E

PhaCyy 555545 30 °C. 180 r/min 555
4hJ5, WM IPTG (&M 0.5 mmol/L), 15°C,
150 r/min 204 F, %S 16 ho ZEMEAMHT, 7]
Vs PR R R A i 5P U TR AR Y R R B0
], IR H AR 2R 1B SR AR ] 1 55 5% 45
1.5 PHB &tEXEBRYIZLE

ACS A L4 A 1Y) CoA FEPITHE

<l actamicro@im.ac.cn, & 010-64807516

BPEImE CoA ¥l PCTe, %M R K 3HB
e 3HB-CoA J5, 7E PHA 4§ PhaC {1k
T4 A PHBM. AT OPRS ¥:iF ACSwy
il PhaCwy §1) PHB A EE ST, AWF5EMERHT
PR #2 P (Clostridium propionicum) JCM 1430 ki
) PCTc, YE AR AT 3HBCoA LA, fifi
FH R U5 T 98 #4792 IR S IR TR (Pel otomaculum
thermopropionicum) JCM 10971 ACSp, FIRIE T
R. eutropha ) I 2% PHA 4 i PhaCyge /E 4T o
DLUR & 3 Rl ik SR airik.

ACSp 35 451F: 37°C, 180 r/min 4" KI%FE
4 h J&, WA IPTG (&¥JE 0.5 mmol/L), Hi¥F
16 h, PCTq, {57744 : 37 °C. 180 r/min § kK%
F 4 h 5, W IPTG (& 0.5 mmol/L),
15°C. 150 r/min}%3 16 h, PhaCre 3535451 :
37°C. 180 t/min¥" K55 4 hJ5 , i IPTG (&
WP 0.5 mmol/L)F 30 °C. 150 r/min 5557 8 h.,

His-Tag $#£4li(4 °C): W4E 1 L 85555 mwifk
fdi ] 50 mL PBS ZZ thif g8, R JH 75 Al e ik
Ff, 12 000 r/min B.0> 20 min & FiF )5, i
50 mL PBS ik H ARG E N LIEW . LiE
W5 3 mL BAAERERE T 4 °CIRA 3 h i, KRR
HR, 10 5 AERFR S 20 mmol/L BRI/ PBS
SER R YS, SR 5 T 200 mmol/L BKME ) PBS
SRR H M T, 2 SDS-PAGE % 5E Pk
WEWER IR R sy, 764 °CH, 2 L
PBS ZZ PGS T 24 h, WA 4 ENTIR DL BR
ek, 1R A B A . [ BSA
P o 1 4 3000 S 8 11 Wk B TR A7 #E 80 °C,
1.6 PHB & RHHXEGRYIE 4N E

ACSp/ACSyu Fil PhaCre/PhaCyy AT P
SEJTE 5 JEHT R R DTNB :—%". PCTg,
TP ] R, PCTep ML CoA 5452
R, AU CoA HtIA Z WHiHE A BITHAE. T
FEAGE R T AL R Bt 2 R A L TBE S I A A Bk
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R [R] B B CoA, il Kl CoA W & (1 #2211
B PCTc, B9IE M o PCTe, WEMEME . S (A FH
500 pL f17% 100 mmol/L NaH,PO, (pH 7.5).
10 mmol/L (R)-3HB.2 mmol/L Z WA A IR
JAE T 30 °CHi#k, fimA 0.5 mg/mL PCTc, B )5,
T 0-30 min 4R 5 min 4 BIBCY 45 pL K
W, SLRUIMAE %A 5 ul (50 mmol/L B
LR 1 mg/mL 7RG i )AY EP &+, 10 min
JE R 412 nm WG RE A . AR CoA VR FE 5
Foidi g o B PO PRI E B0 E R 3 IR,
1.7 PHB HI{KIMNE B FAHE AL

PHB FASME BA R (5 mL)f$E 100 mmol/L
NaH,PO, (pH 7.5). 200 mmol/L (R)-3HB .
10 mmol/L MgCl,. 30 mmol/L ATP. 0.2 mg/mL
BSA .1 mmol/L CoA .10 mmol/L Z[i&.0.2 mg/mL
ACS. 0.2 mg/mL PCT #1 0.5 mg/mL PhaC. %t
TN MR, JEmH A I TR S, BeniE
ACS. PCT. PhaC M7 hn A4 g, %5
A BAETIA 30 °C, #0872 he RWEEH G,
IAZER A, T 100 °C/KH 3 he BHIFE
i 0.22 um PTFE JE SN, Sk %k

A
bp M 1

2000—

<—acs,,, (1 200 bp)

1 BHIEE acsyy 1 phaCyy B9 PCR B k4 R E
PCR electrophoresis results of genes acsyy and phaCyy. A: acsyy PCR result. M: DL2000 DNA

Figure 1

IUHEZE BARFRIL 1 mL JE A 5 RERF T i H
g, 4 °CREULHE . A 0.22 um PTFE JE I
FEUUEY), FET 30 °CHIR T4 24 he
1.8 PHB BIKIMNEG B HI P 54 53 th
BT 0 B DT0EY) 3-4 mg TG
B, A 2-3 mL 7ACEG . f# ] Bruker #%
WAL IR I 1% 1Y (Ascend 500 MHz)LA 90 °CJpk i
4 ms, 3 000 Hz #3558 FE I 4 s B8 RARIG RS
Wy A% G TR A

2 HERE4M

21 &FacsywwFphaCywwELHEHHES
BE

acswy . phaCuy ZEF A PCR 738 7= 111 1%
DR ME LIRSS A 1 PR, 1A HIKGE 1 FE
1 000 bp F A 454, 5 HMER acswy 1200 bp
PRI R/NHAF . B 1B H9kiE 1 £ 2 000 bp T J5
A 41, 5 H B9 phaCuy 1 857 bp K/NFT .
IHZE R N4 3 T acsuy F1 phaCuu-.

41 JFkE pQE-80L-acsyy Y BamH 1 #ji1]]
IURSE R anE 2A B, % pQE-80L £ BamH 1

2000 <« phaC,,, (1 857 bp)

marker; Lane 1: Gene acsyy. B: phaCyy PCR results. M: DNA marker Q; Lane 1 and 2: Gene phaCyy.

http://journals.im.ac.cn/actamicrocn
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PRV 5 2R BARTE 5 000 bp T HHBL ALY
(3814 4 751 bp), pQE-80L-acsyy BamH T HA i}
YIG HLRPEBARTE 5 000 bp L H IR B 4671
(FEIR{E 5930 bp), WEBAE AR & A H RN
acswu. =4 FikL pQE-80L-phaCy, ) PCR K iiE
ZERUNE 2B iR, 3 45 PCR P=¥134E 2 000 bp
T B S H R — 45 (BB AE 1 857 bp), IE
A ER 40 S0k 5 A3 5 3R phaCuy .
2.2 ACSyu #1 PhaCyy B FRIEE B
#2 bk BL21-pQE-80L-acsyy 1) % ik 4%
RAE 3A s, SORESINGE SR (E 3A UK 1
M 2)M ., # 0.5 mmol/L IPTG (/& 3A ykif 3
1 4)TEZ) A 40.0 kDa A B 457, 5 ACSwy &
FPEIE(E 40.8 kDa K/IMHTE, IEB ACSyy 2
B2 IPTG e Ris, SRMERBME KRS
AL IR AT IE P B> 3A 1K 4), [t
Bt — b ACSyy B 1 3RIK %A
VIR 4s R 3B B, B IR
B e EIsWh KA s, 15 °Cif (&l 3B
KIE 4), ORI EEA. BRARERNIL

< pQE-80L (4 751 bp)

1 000

250

« PQE-80L-acs,, (5 930 bp)

GEREH, ACSwy RIBMEIE PTG W E N
0.5 mmol/L (& 3C ¥kifi 2). fiAb/E i ACSyuy HY
TR MR 37 °C, 180 v/min ¥ KI5 4h J, W
B0 IPTG (& 0.5 mmol/L), 15 °C. 150 r/min
5 16 h, PhaCyy 7E 30 °C., 180 r/min " K537
4hE, BRIREEZ 15 °Cl5, W IPTG (&
F£ 0.5 mmol/L), 150 r/min 55 16 h #y45 540
1 3D fros, EBEA (K] 3D JKIE 1) EiE
(K 3D ki 2)3 1 PhaCyy 5717 , e R E0H
A, K Peait il i &R 7
2.3 PHB &R HEXEERI 4L 5/ N E
T Fl OPRS K5 ACSymyu Al PhaCyyy Y
PHB & RE ), AWF5EMHH PCTe, ¥ L WA T A
i) CoA %5 % 3HB R AL uE B 3HBCoA, A
PhaC $2{EHT{AK . ACSp J&—FIER A RE A RSN
A R AR 2 B4R A B 2 AT A & BT,
ARWFFELL ACSp AXF IR, Wit ACSp/ACSmu-
PCTc,-PhaCy. P 4% PHB &l e, a1t & ™
Yy i B W E5 R e BT 2 ACSwuy B RE T -
3% (Massilia sp.) UMI-21 ) PhaCyy J& T 128

phaCy,; (1 857 bp)

2 pQE-80L-acsyy 1 pQE-80L-phaCyy % 7 # ik &

Figure 2

Identification of pQE-80L-acsyy and pQE-80L-phaCyy. A: Identification of pQE-80L-acsyu. M:

DL15000 DNA marker; Lane 1: pQE-80L single digestion; Lane 2: pQE-80L-acsyy single digestion. B:
Identification of pQE-80L-phaCyy. M: DNA marker Q; Lane 1-3: phaCyy PCR validation.

<l actamicro@im.ac.cn, 010-64807516
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Apa M 1 2 3 4

98.0

66.2

ACS,,, (40.8 kDa)

45.0
<« ACS,, (40.8 kDa)

31.0

20.0

DkDa M 1 2

94.0

66.2 PhaC,,. (72.0 kDa)

450 ACS,,, (40.8 kDa)

33.0
26.0

20.0

3 ACSyy #i PhaCyy BIFRIZF ALK BRIKE R

Figure 3 Electrophoresis results of optimized expression conditions for ACSyy and PhaCyy. A: ACSyy
induced expression. M: Protein marker; Lane 1: Supernatant protein without inducer addition; Lane 2:
Precipitated protein without added inducer; Lane 3: Supernatant protein with inducer addition; Lane 4:
Precipitated protein with added inducer. B: ACSyy expression temperature optimization. M: Protein marker;
Lane 1: 37 °C; Lane 2: 30 °C; Lane 3: 20 °C; Lane 4: 15 °C. C: ACSyy expression inducer concentration
optimization. M: Protein marker; Lane 1: 0.2 mmol/L; Lane 2: 0.5 mmol/L; Lane 3: 0.8 mmol/L. D: PhaCyy
induced expression. M: Protein marker; Lane 1: Total enzyme solution; Lane 2: Supernatant protein.

PhaC™™, KIH T R eutropha ) PHA 4§ PhaCr. & T HLEEIEPE. =280 (5 RNy 4ifb g R an &l 4
J2: 12 PhaC fOfRRPERGE", It PhaCr. X /R, ACSyy Hl ACSp 20 T4 511204 40.8 kDa
HRIIt ACS\u-PCTcy-PhaCre/PhaCyy PiZ5 & M Fl 74.0 kDa, PCTep 73 FHZJH 65.0 kDa,
WAZKAE PhaCyyPHB & AE T . PhaCyy 1 PhaCge 43 F 5539294 64.0 kDa Fl

ARBFFEARYE BT A R A, KRERE 72.0kDa, ¥W5HES 78— 2aifk)s Ay
ACSpu. ACSp. PCTcp. PhaCge Fll PhaCyy 3l BE FIACH T M LIRS .
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C
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Figure 4 Electrophoresis of purification PHA synthesis-related enzymes. A: ACSyy purification result. M:
Protein marker; Lane 1: ACSyy. B: ACSp; purification result. M: Protein marker; Lane 1: ACSp.. C: PCT,
purification result. M: Protein marker; Lane 1: PCTc,. D: PhaCg, purification result. M: Protein marker; Lane
1: PhaCg,. E: PhaCyyy purification result. M: Protein marker; Lane 1: PhaCyy.

HAEARIB R MEEES R AL T 1,
ACSp Fll ACSyy BYFRIR 7414120 70.0 mg/L Fl
24.8 mg/L; PCTc, MR ik#E N 70.0 mg/L;
PhaCg Fll PhaCyy K iE 14358 88.0 mg/L Fil
25.6 mg/L, ACSp Fll ACSyu FATE L IE 1143 510
(0.289+0.015) U/mg #1(0.148+0.011) U/mg,
ACSyuy R ASCp 1) 50%; PCTc, R ELIE 7
}7(0.389+0.026) U/mg; PhaCg, Y IE S0
(0.246+0.017) U/mg, PhaCyy HY M H TG )1 N
(0.102+0.011) U/mg, #°k PhaCg, 1 40%.

2.4 PHB WIRINEMERR=EN
{1 ACSp/ACSyu-PCTy-PhaCr, 531 OPRS,

P4 actamicro@im.ac.cn, & 010-64807516

BBUTYIREE RN 2 FR, XHER ACSp,
A=A 0.62 g/L, [ ACSwy & B~
R 0.76 g/L, BT 22.58%. MHEEITHY
ACSyy-PCTp-PhaCre/PhaCyy A AR,

X1 PHB SMEXE~ERMLLEN
Table 1 Yields and enzyme specific activities of
PHB synthesis-related enzymes

Proteins ~ Concentration Yield Specific activity
(mg/mL) (mg/L) (U/mg)

ACS\y 6.2 24.8 0.148+0.011

ACSp, 14.0 70.0 0.289+0.015

PCTc, 12.0 70.0 0.389+0.026

PhaCpg, 16.0 88.0 0.246+0.017

PhaCyy 6.4 25.6 0.102+0.011
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%2 PHBHIRINEG R FYRINER
Table 2 Extraction results of products of PHB by
invitro OPRS

Enzymes in PHB synthetic Dry weight of Yield
pathways product (mg) (g/L)
ACSp, PCT¢,, PhaCg, 3.10 0.62
ACSyy, PCTey, PhaCg, 3.80 0.76
ACSyy, PCTcy, PhaCyy 3.20 0.64

PhaCyy & =itk 0.64 g/L, Hffi ] PhaCge
I 15.79% AR RARIRAT " W) A% G LR 005
(nuclear magnetic resonance hydrogen spectroscopy,
'H-NMR)ZE AN 5 fitRs B 54 BITE 5.3.2.6.

1.3 ppm 855, 5 PHB 1941 C I H #fiz
B—2U, SEHT 3 4Rk PHB,

3 WREER

R. eutropha 1 £ 1% P ik AE B DS R R 28 2:F
TR B vt S A 5 0 A A A 1 2 BRI A
H 5>+ OB A fRIRZ 4] PhaA, %4 PhaB
4= i, 3HB-CoA F1 PhaC 44k B, PHBRY, i
WK N 2 T A 2t 4h 2 PHB &8~ &
BEIN B, RS R, AR 3 A
B, 500y O . - 1 SR A S8 il
PR T PR A, X el A 3 e R DR T AR T Bl
e g 2o R AT 22 0 R A B P o LA Bk
GPE, BRESEECRAMENSMT, @ik
RN TR ACS MR & Z Bkl A

A OH (1) 1)
3)
@ OH
n

3)
. l n UL—M__“
B (n

(3)

)

) A
(1)

o 3)

| L |-

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
d (ppm)

B 5 {KINERHE) 'TH-NMR £ R
Figure 5

'"H-NMR results of in vitro synthesis products. A: '"H-NMR results of PHB synthesized by

ACSp.PCT¢p-PhaCk,. B: "H-NMR results of PHB synthesized by ACSyy-PCTc,-PhaCg.. C: "H-NMR results

of PHB synthesis by ACSyy-PCTcp-PhaCyy.
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if P9 B B AR AR T O = ) PHB P AT
¥ BIBATE Massilia H1 %5 5E T Z ik ACS /3
AR LAt TR J — B R AR H AR X L RS 7
BUE o LT I AR IR vk B AR [ Bsf e
LW BE ) A5 SR I 0K T Massilia sp.
UMI-21 f¥) acsyy FEH, ACSyy XF Z FRAY HLIE 77
& ACSp 1Y 51.2%, 52K I T R. eutropha (1) ACS
(AcoE)AY 44%"% S 5 £27E Massilia sp. UMI-21
HE N SRR A MR TR . AHE
48 OPRS it MG BE%E, 7 Hr ACSwy 7E
PHB & B SN REZE AR D, Bl Lk 2 1R
AL TG A, N PCT B CoA b4
TIEY) 3HBCoA A AL, J7E PhaC fEMH T & AL
PHB. KGR ACSyy &5 PHB =& & T
s PE ACSp, XSRS ACSp A PHB
7=t TG PR S A AcoE I, %4k
RULH ACS W PER RIS PHB & it
A SR GG B NG, {H AT BB AR
EMEHEPEEEZE, R CoA Frabhs.

PHA & AEF] 1 (R)-3HB-CoA NJEY), it
1£(R)-3HB-CoA -4 i PHA, /& PHA A¥)4 ik
TR B OCHE N, P BTG B PHA 2R B )
REEP, A KT LR B8 PhaCuy
i LAY 1R PHA 5 1 PhaCre A1 60%0— 2
PE, HED PhaCyy J& T12¢ PHA &SB!, 78
ACSyy-PCTep-PhaCre/PhaCyy i 21 52 B 1,
ACSyy-PCT,p-PhaCyy 2 PHB 7= 241 T 5 BE 41
TEA B AR v 4R HE 3R B R %) PR B A ] 7 17
HUF, 77 PHB By AR T 54 W A5 Pk
PhaCyy HYTE PEAK T PhaCre 455 i PHB 7~ [
R FE KN, R4 PhaCyy 2128 PHA &1,
(B2 7 90 [ 058 AP AP 2 S B 1 ST AR 5 7
MUAR BRI B G L IR 1 AR X il ) 3 M
JE R S e 5 ATy i i — 29

<l actamicro@im.ac.cn, & 010-64807516

i bR, AR R TORE T
Massilia sp. UMI-21 # acsyy Fll phaCy, 5 K
HAFIRRR, FAAFFPE AR IE R HN
24.8 mg/L Fl 25.6 mg/L, ACSyu HLI&¥E N
(0.148+0.011) U/mg, PhaCyy ¥F(R)-3HBCoA
T 4(0.10240.011) U/mg. FIF OPRS, *flt
ACSp-PCTcp-PhaCr. & M. PHB 12 H A ,
ACSyy fUB ACSp & PHB =4 0.76 g/L,
P 22.58%. LR KW, PHB 4 B A
M R B R N 3R AL 2 TRE S T A I ACS T 11 He
e, ATBES MRS E A G X Hx R A
ACSyy-PCTc,-PhaCre #42, ] PhaCyy U
PhaCg. & i, PHB 7244 0.64 g/L, F % 15.79%.
PhaCyy G PR T PhaCre /253 PHB & (i
Pty E2 5N, #E—uEl T PhaC J& PHB
B AR AR R S S PR . AN B 9 E AR Ah
HEEFB, 454 OPRS S H4 g,
NIRRT ACSyy Fl PhaCyy 764 i PHB %42
R EE, & Massilia sp. UMI-21 # PHB
B RN | O DL RO PHA 196 2 it
B SR
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