FERNZ: EHRE 20194 % 49% 6 H): 717 ~726 CPIERRE ) Zekil

SCIENTIA SINICA Vitae lifecn.scichina.com SCIENCE CHINAPRESS
N AW LY k
it & CrossMark

B ALY IRE S R A AR = P AR BT S i e

AL, ZEMYT, HaRa, T8, AR, hAT@°, R, ZAY

. Department of Plant and Pathology and Microbiology, Texas A&M University, College Station TX 77840, USA;

R MR BHE S IR B, A8 M 350002;

. Department of Chemistry, Texas A&M University, College Station TX 77840, USA;

. Maryland Institute College of Art, Baltimore 21217, USA;

Department of Biology, Texas A&M University, College Station TX 77840, USA;

. Department of Microbiology, Miami University, Oxford OH 45056, USA;

. Division of Genetics, Department of Medicine, Brigham and Women’s Hospital; Department of Biological Chemistry and Molecular Pharmacology,
Harvard Medical School, Boston MA 02115, USA;

8. il Rt S —BEBe e AL 1M 510080;

9. Nutrition/Metabolism Laboratory, Department of Surgery, Beth Israel Deaconess Medical Center, Harvard Medical School, Boston MA, 02138,

USA
* B & N, E-mail: wzpchem1991@gmail.com; xwang@miamioh.edu

WekE H : 2018-12-17; 252 H#H1: 2019-01-16; M8 R & T H#: 2019-03-28

WE  ACER LA R TEISR LS AN AR — ESE ., RE TR BN S ET
it TR TEFRBEEE S BN ARR AN, AX RGN LS T 5% B A FR B
R AR, L. B, RIEAREIE. HE. BERAMBOES N LSRN, FARANG
HE T oAk A E T (R R A DR A AR B AT A TR, A T AR R R AR R R
X E 3k A R R T, B o R W B A T SR BB AR R, BRI LR A M
Ao R, IR TR A, 4 VR A O Y B AR R R TR A R B L A X
AR AT RSN UMK BAS, BT £ T o R MR R U IR, DU SR R BB
Lot LA R B ST

KRR o TEME, AE TR, BUE, WK, RR, &R ENF, KM TE

AR ST OB AR B, Forp, e IR IR TR AUAL B BEAL AT R R B R
B R T BRI T AR, RRRAI OB AEYIRRL B TR L. RGO TR BUE
RFHREM ECOIF A MR, AP E B RESFEREER NS5, Kb, WEERE
R EARA T . SRR T a2t TEREN, KRENTIFCRY], U5 R a2t
R, N AR R W 45k ] B L DR AT A i, A 2 AR s P EE AL R e 2 e

SIAER: Z, TEM, R, & FoRAWIRE s B ATt . T ERE: A ARk, 2019, 49: 717-726
Zheng Y, Wang A Z P, Jiang Z X, et al. Advance in metabolic engineering of microalgae for biofuels and high-value compounds (in Chinese). Sci Sin
Vitae, 2019, 49: 717-726, doi: 10.1360/N052018-00287

©2019 (PERE) FEHL www.scichina.com


https://doi.org/10.1360/N052018-00287
http://www.scichina.com
http://lifecn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/N052018-00287&amp;domain=pdf&amp;date_stamp=2019-03-13

KRR DLEREYIRE R i e M B A QB e ik Fé

S5, PR DR TR AL TEIL 1SR A KT 5 21 6 5,
Wk gL L. WEMCTEANFEY, B
i, 25/ CA 30N UG B Pl e T SR 1.

AL LA H R AU A A A e AT A TR AT
B, DNORE. TR el MeRnmE A e beke . &
R O R KA RN E LR E I
19170 0 e S AR 5% 7 AR B AR s, JF ik — 2D A
A, H AT AR ) — S R B, R W SR D
WRHETT R TR . AT
FERL A e R . AR S
SR ERIE 51 T, CIYDO R R B i e A
i g,

1 AR LR YR B A4
Hh B 2

P& 235 (1) 37 190 3 2 1 0 e P o AN e Ky = i )
vk MR, AR TARIE IE M S R i, wT L
R e A RS R ARAR U B AR AT B, WIS B H BRE
PR B, Bk, AR TR TR R AR,
T gk O B R R A 3 IR P s ], SO A i i A i
17, A A R LT S MRS R, T
AT AR AR KL EY . FBREE S T
(Hy) 25405 B 22 R ot A 0 RN 43 AR R R A4
JR RERRIEEE . R R B L AR X 4 1R
NN, A ST SE R A0 AR R AE 77 SRS TR A .

T HR TR AR 5 = A (R B D Sk R T O S v i
. R GEH TR ORI GFRE, BT
ATPFINADPHI A T 3R &) -~ 7R SCIE I 1) B [ 7 DL 2.
R a A AR 7R A AR B A
Xof % H e A B FH W RS AR AR AR AR KRR b vese
TARY R BB I, R E T HER R e = R )
i, AERER (pyruvate) RINIX — KK BEM 2 —, HE
P 2 S S PT DA B2 Fh B AR 4. CEARE T2 i
b TR A R A % 4% HO BT 72 AT DASE B 203 PR B
TAEH, R TR E S R % (K1), LR
SEO RGT R FURCR, BRI U TR AE A 25 2R
Fe = i .

1.1 B
He iR (fatty acid, FA)FIH i =g (triglyceride,

718

TG, W =L H Bs, triglyceride, TAG) 2 il # JIg J5
TRy, ForbH il = el i R A R A B AR
A vE BRI R e B i I A = AR st 0T g 7 TR A
Hh = e AR 52 BRI B2 ORVE. TR
R R T R TR A BSOS A A H & A, 405
& R R TR e # BN RS, 3k — P IR &
T3 H v EE (diacylglycerol, DAG)A =3 H il
el (Mo 2, W S A R AL B (acetyl-CoA carboxylase,
ACCOWE BRI IR TR & B T2 2, HoA %k
5 0 42 4 I R Rk S 4 ). Tabatabaei g A\
fath, Rk ACCH: K A) LU R 10 Mg 1 AL 2R G
2~3ff. FIAERFREY, WEEENIRR (free fatty acid,
FFA) A B H 18] 7= 9 i B 5k £ - ACP(Acyl-ACP) &
ACCIHFE i B2 R il 7)1, Lin N E4E i
P (Synechocystis sp.)PCC6803 1 5 N T I 3 #ifh 2 A
T BE e (TE) JHIE 2L 04T T TARIEAL B,  HIk 3RS 1
SRAF AR T LARE R 133 mg/L 1 R0 i 2R 20 i R
(C10~C18), FEREAFMABIREFRIL . IXUERH | IE IS4 iA
FE SRS [ (acyl-ACP thioesterase [ )ffiF ik n] LA
iR BSR4 - ACP T ACC M 1 4
il oh, SEWAREE, MRS S TR A
B-%1k, TrentacosteZs N hW {5 MY g4 35 Thalassio-
sira pseudonana)l¥] % Ty B NE I B R R 5 B DR T HY
TR MR TR, SR T IZ BRI g 107 R 7y A R AN 4
B-SE AL HERAR BRI A],  HAS 2 ma 240 i ) E 3 AR
WG AR AR 5 AR B0 RT3 e FH I Al K A& &
F 5 e ok s, Wang i RRZE i A E R
B R A T K ADP- i %) i £E B 1R 1 B (ADP-glucose
pyrophosphorylase) & 5§ 4 8 (Chlamydomonas  rein-
hardtii){ Jlg S BN T 5 R5(90% K TAGHT10%FFA).
BEAbh, I Rk s R T A s L R ) e s e G
BRI ¥R s 12 2 R oA B IR A0
A 77 2 )G B 55 T B 2 4 i R T 8 s 7 i )
H PN,

1.2 AKX
SRR AN R R G RE Y, e T A

W) o )42 P BR FH R SR E A B (hydrogenase, HydA)
HEESFEAA. EEE ARG TEF, gAir
H H EUNAD(P)H [ 8 & A8 EL#E H T S AL AL 7
PRI B, X FAS G W e 8 BB ) ) A A Bl = A



PEBE: ARl 20194 H49% o6

LLL'LiIi H&ydxrogen I

o J0000

Fatty acid I
Alcohol I

1 ]

Peceveee

Calvin Cycle

Eﬂpyruvate I':#Acetyl-CoAI=> TCA

Sucrose Iy

| Terpene | Alkane |

B 1 s an AR I R (R 45 ROR2 1)

Figure 1 Overview of the metabolic process in microalgae cells (color online)

AN RGBS KGR RCR, HEFRE T A
Pt S S S L R, RO A PR
R D% B 1) LLE T R an DK AL G 5 D A AR b e A
AR B TR, T ™ SR, v 1 R 6 R
T RE R ELE A AR, NITR R T PIEsng. J—J2
K 1 5 A S SRR T AR R AR, AT R
AT A B . H =, JE B R o T DL
e SR U 32 AR AR 2 I, T3 s &R
7 5. Doebbe A\ 1 CURE AU B 7] 17 12 2 1
(hexose uptake protein, HUP 1)) 5 IRk LA 5 5K B
A BE(Chlamydomonas  reinhardtii) Ak A S K72
AL PR R IR IR A ) A AR R 3R R 2 R A SR
=3, PG AU P R A SR P I AL
R, 4 J5 BB = S B 78 2 i SR R TR A P Ak
e SRR EE R 1) b, FESR RO TR B AR
4 R P T A 7 S A D 45 5.

1.3 2

IFAE R RN A Tl . AR FRI AT
ZWIN . Z0E FiBE(ethylene-forming enzyme, EFE)
S LR A ORI ek (€12). TakahamaZs A™@ it
TE T B (Synechococcus  elongatus)PCCTI42H N T
T B M2 B8 (Pseudomonas  syringa) ") EF B2 R4 1 4
AR A 0, B4R FE DR L FRAIS, Bz R&
B B AR E M. EIREERE b, Ungerer® A%t
SN R I EFER: R 7 21 3047 T e iigl, 2
T HAE e, HAEEEMBE(Synechocystis sp.)PCC6803
WD AR, TSR W, BOE A FIPCC6803 Xt i
RRE, I mIRS 5% M BRA R N =R RGP I
WAGMOI. X BRI 7 ) A 4 3 A
AT TRERE 7 A 34

1.4 Pk

T TR — IR E W Rl s, adh
IRRBEAN S RIEER.  LEEAE R AL A YRk 2 A
TR PR EEN e —. E R & R
(1) CBEARU IR AR, AH B iy AR 7 RO 75 X6 O [k
ITiE— BB, RS ITER IR RE R ME R T 2ha
fENATE R R B o B2 5, B
WS TR R FER IR, IR R
K (pyruvate decaboxylase, PDC)F1E fii £ II (alcohol-
dehydrogenase, ADH)/E & A B CHERE. Dengss
AP e 7E B ERBEPCC7942(Synechococcus  sp.
PCC7942) 2 i P9 73 5l 51 N K % 5 B (Zymomonas
mobilis)IPDCAIADHIE K, I I 2] 43k 25 15 37 3
FH . BARX A R 7ERuBisCOMIrbe LSEE A T
4% S AT DUR AR IA, (B ZBEM = = E AR,
I, AT R )3 P B e 7 v I B A A
£, B, AT SR E LR, Gao NP4
I BEPCC6803(Synechocystis sp. PCC6803)[] 5 H 21
PDCHHYEPE S = FADHE: ], WK Hb$ =y 1 RASHR 1)
LR (R k212 mg L d7Y). %0 5038 [E I 46
N R-B- R T R M A& BUS R A A B T
CERER, X —9FEE T REAE N FEET,
K G L R AE T e QBRI B AR R oS
fiff. 20114F, Joule Unlimited A @475 T H TR AL
LEDCEREYT 6, A TR AR L
A RSN O AT L — 3.

528, S TEM-TEREAE SRS
JE K5 Bt S A e A, A B O B AR
2z —. AtsumiZs NPEREREPCC 7942 ¥ T 5
F-2-ketoacid decarboxylasell) ¢ | A A2, %812
ARRA 7R IR IR, IR G R

719



KRR DLEREYIRE R i e M B A QB e ik Fé

HO  YOH

OH

O

B2 Rl i S B =R IR A A LI I IR R (N 2R )

Figure 2 Ethylene-generating pathway through carbon-fixation reaction and TCA cycle in microalgae (color online)
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Figure 3 Alcohol generating metabolic pathway and metabolic engineering in microalgae species
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Algal biofuel is considered as an alternative to fossil fuels. Due to the structure simplicity and genetic tractability of many microalgae,
they are also gradually recognized as an ideal factory for the production of various metabolites of high commercial values. In this
mini-review, we attempt to summarize recent development on metabolic engineering of microalgae to explore their metabolic
versatility for the production of hydrogen, carbohydrates, terpenes, fatty acids, alcohols, aliphatic alkanes and alkenes. In addition, we
also present key challenges facing algal engineering, and propose a few strategies that could leverage the advancement in systems
biology and genomics. We foresee a bright future for microalgae studies to advance both research and technology development.
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