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The progress of studies on a unique carbon dioxide fixation
pathway: 3-hydroxypropionate cycle
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Abstract: A novel carbon dioxide fixation pathway, 3-hydroxypropionate cycle, has been dis-
covered in thermophilic filamentous photosynthetic bacteria such as Chloroflexus aurantiacus,
which can grow in several conditions. The characteristic of this pathway is
3-hydroxypropionate as a metabolic intermediate, which can be used for synthesis of many
valuable products in industry. In this minireview, the discovery of this unique biosynthetic
process, the development of the reaction mechanism and the latest progress are introduced,
especially the involvement of several multifunction enzymes. Besides theoretical significance,
potential biotechnological applications of the 3-hydroxypropionate pathway are also discussed.
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Fig. 1 Proposed 3-hydroxypropionate cycle of CO, fixation in the phototrophic bacterium C. aurantiacus
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Note: The numbers refer to the enzymes which are mentioned in the text.

z1

RELHHES A SEERY D FAMELHERER

Table 1 Molecular and catalytic properties of the enzyme propionyl-CoA synthase from C. aurantiacus
FEE Property

JIK# Substrates

LMk Cocatalysts

74 Products

Feid i Specific activity

FVK K H% Apparent Km

1t pH Optimum pH

2454 Native molecular mass
T 343F4: Subunit molecular mass
HAY4E, Complex composition

1Ak H Catalytic number
e Specificity

PHES 7520 Influence of cations

3-Hydroxypropionate, ATP, CoA, NADPH

K*, Mgz+

Propionyl-CoA, AMP+PPi, NDAP*

4 umol/(mg protein-min)

3-Hydroxypropionate 15 pmol/L, CoA 10 pmol/L, ATP 50 pumol/L, NADPH 10 pmol/L
8.1 (55 °C)

500-800 kD

185+10 kD

a3 or a4

12 s7* (per subunit)

3-Hydroxypropionate 100%, Acrylate 100%, Glycolate <1%, Malonate<1%,
3-Hydroxybutyrate <1%, Crotonate <1%, B-Alanine <1%, NADPH 100%, NADH
<1%, ATP 100%, GTP 24%, UTP 20%

Mg?* 100%, Mn?* 80%, Ca2* 43%, Cs* 30%, Li* 5%
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Fig. 3 Proposed bicyclic autotrophic CO, assimilation pathway of C. aurantiacus
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Note: In the first cycle, two molecules of bicarbonate are assimilated to form glyoxylate as the primary fixation product. In the
second cycle, glyoxylate and propionyl-CoA are condensed to B-methylmalyl-CoA, which is converted to acetyl-CoA and pyruvate.
Propionyl-CoA is regenerated from acetyl-CoA and CO, with enzymes of the first cycle. 1: Acetyl-CoA carboxylase; 2: Malonyl-CoA
reductase; 3: Propionyl-CoA synthase; 4: Propionyl-CoA carboxylase; 5: Methylmalonyl-CoA epimerase; 6: Methylmalonyl-CoA
mutase; 7: Citric acid cycle enzymes (succinate dehydrogenase and fumarate hydratase); 8: Succinyl-CoA:L-malate CoA transferase;
9: L-malyl-CoA lyase/erythro-B-methylmalyl-CoA lyase; 10: Proposed B-methylmalyl-CoA dehydratase; 11: Postulated

mesaconyl-CoA-transforming enzymes; 12: Succinyl-CoA:D-citramalate CoA transferase; 13: D-citramalyl-CoA lyase; 14: Pyruvate
phosphate dikinase and phosphoenolpyruvate (PEP) carboxylase.
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Note: 1: Acetyl-CoA carboxylase; 2: Malonyl-CoA reductase; 3: Propionyl-CoA synthase; 4: Propionyl-CoA carboxylase; 5:
Methylmalonyl-CoA epimerase; 6: Methylmalonyl-CoA mutase; 7: Succinyl-CoA:(S)-malate-CoA transferase; 8: Succinate
dehydrogenase; 9: Fumarate hydratase; 10a, b, c: (S)-malyl-CoA/B-methylmalyl-CoA/(S)-citramalyl-CoA (MMC) lyase; 11:
Mesaconyl-C1-CoA hydratase (B-methylmalyl-CoA dehydratase); 12: Mesaconyl-CoA C1-C4 CoA transferase; 13: Mesaconyl-
C4-CoA hydratase. Carbon-labeling patterns during the interconversion of propionyl-CoA plus glyoxylate to pyruvate plus
acetyl-CoA via C5 compounds are shown. *C carbon atoms derived from [1-*C] propionyl-CoA are marked by A, and3C carbon
atoms derived from [1,2,3-*C] propionyl-CoA are marked by m . Note that the cleavage of citramalyl-CoA requires that the CoA
moiety be shifted finally from the "right" carboxyl group of B-methylmalyl-CoA to the "left" carboxyl group of citramalyl-CoA. This
shifting is accomplished by an intramolecular CoA transfer (reaction 12).
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4 BFFSEHERRS AR AR R R

TERAEY S, &5 HALL C. aurantiacus
FRERX I A A TP AAAE 3- R BN PRI X
FRBTFRY CO, [E5E Jr=CWe? AWk fb it R i
PR T A AR SR 7 7 W 2 [n] 2
T VE 2R 22 AR HA A= Y R I T 5. 16
2000 4F-HijJ5 Chuakrut, Ishii, Hugler 1 Fuchs 5
W & PR R Acidianus brierleyi . #ifk:
R Metallosphaera sedula i & i A B #SHI
LB 3- R FE N IREERE 2 CO,#k 1T H F74E
K, 55153 B BTG SR I SR T A R
LT . £ BEAHEE A TN BRI A #F 0] LIVE R,
Hrh Metallosphaera sedula 1 3 NIE3E4 51N
57 kD A=W E R ALEG R FE (o) Il 57 KD SRILEFS
BRI F(y) L K 18.6 KD A=) R AARER /NIl F
(B), T —"~(aBy)s HI4ME; TiTE Acidianus bri-
erleyi 1, ZMFHIELEF N 0uBayao T IEP 5T
GE B, iR 3 A Fk L DR R AR AR Y,
X 5L C. aurantiacus RS A AT
DR A )03

BORTIBFE LI, P2 B SR . AR
FILL C. aurantiacus AAERADGH AP —FEH
ARIEEFRTUERKIE T, A T AEFENTRA
T A ML S YRR LE K T ) COPE MR R
AR IR, BEAT —MIR G E R A K. 2011 4F
Zarzycki %5k IV ZRUEWSAI T 2 5
43 3-FR R P R UL P Al A Sfe W SO P A5 v e it
F B FIAG HLN T 5,

A, FEA R RILNIRIGI H At iR
R AT 1T 22 (0] R 45 30K o 23 AR5 114 181 B i A 7 R
R 1) — B [ AR s i fildn: 3%
HIBETE A: (R)-Fr3E RIS A RSB FI(R)-A7
PR A S T A n] DX 5T S92 1) ST ARG 2
EATHE B IR T AT M LR A E LRSS
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L THEATG A FRACEIEAE A 3-F2 SE N R G BRI 2L
RACEE, WIEIE MG )M, 20 i ey
PR X AP AR AR H AT SR AR F . Xin S8
C. aurantiacus FOGA REH /B 4lifk 1T S (L 3-%%
SN TRIGPA TP BEHARR L A I R AR, B
R IR SN B T 1] 2 A JE 5 28 R 6 B3R 3 1R
1, JF HIE ¥ KOGAVE R 1% 8 A A ALiE )5 s
BB, BeAb, ISR A RS et —
PNy RERG AT AL, IXWEABIHARF, (A
TR 3-BREA MR- B T BRIGE T IF 2 ixX
REUEAT R A,

ik, AJEBIIFSE B LU R LA T I

(1) g AL LB R AR 1 o LB
S-FRILN IR IR A b S iR 24l A 2 BAT
ZUIREME AT, W L- SR A A 245 B
B-FH LSRRG A ZURBRGVE; SR B A
T Dl ELA S SR A T A T DS 4 D 3- YR FE N
MR B A s, I EERIG A & BT 3-7%
SEN BTG A 20 | 3-FR LN BRI A K i
(I TR A 7K £ ) 0 TR A TR it A\ 30 it (A e
G A ) IR, XEEARS Y 3%
SETTR WG IR ik R, Rl 6 2 5 3 A Ay A=
G P, A AR AN geT A3 e e g Y 1)
RO HON B R AR e 7 3ok, AT 3-FRIEIN IR
TRAR [ 1 A ) — R AR TS TE il v, B
AR T B M DR AR e Y, B E R
TA VS IE R —AEE 7],

(2) HRHE SR I SE R B LR o  TRA G A
RALE A EM RS BN, ARAEY AR
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AR D R DR 20 17 90 B0 E AR, 1AEA T 4
P BRI AH DGR R A R MR P S5 T T fie
PEXT IR AR E BB AR AR T, X2 IE AR
B TARE A

(3) 3- RN MRAUEFA [ R i A2 (1 AL T A
XA O [ i A 2 A JORT 5835 B WE? 1%
AR KN VE 2 B T DUAE A AR T
ife, (B A B e A R oAl &
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R 2 BRI 3-FR L TN R DU BR [ B A2 1 Sl —Fil
B CO, iR, X HIRAMIIOEA BT A
ATTHE i A T e R L A BRIE IR R, SR
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