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Abstract: Tetrapyrrole compounds are a class of compounds with important functions. They exist in

living organisms and have been widely used in agriculture, food, medicine, and other fields. The

cumbersome process and high cost of chemical synthesis, as well as the shortcomings of unstable quality

of animal and plant extraction methods, greatly hampered the industrial production and applications of

tetrapyrrole compounds. In recent years, the rapid development of synthetic biology has provided new

tools for microorganisms to efficiently synthesize tetrapyrrole compounds from renewable biomass

resources. This article summarizes various strategies for the biosynthesis of tetrapyrrole compounds,

discusses methods to improve its biosynthesis efficiency and future prospects, with the aim to facilitate

the research on biosynthesis of tetrapyrrole compounds.
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Figure 2 The biosynthetic pathway of 5-ALA. G-6-P: glucose-6-phosphate; F-6-P: fructose-6-phosphate;

1,3-BPG:
glyceraldehyde-3-phosphate;

1,3-diphosphoglycerate; 3-PG:

3-phosphoglycerate;
5-ALA: 5-aminolevulinic acid; ALT:

GAP:
GluRS:

PEP: phosphoenolpyruvate;
alanine aminotransferase;

glutamyl-tRNA synthase; GluTR: glutamyl-tRNA reductase; ALAS: d-aminolevulinate synthase, HMB
synthase: hydroxymethylbilane synthase; GASM: glutamate-1-semialdehyde-2,1-aminomutase; Uro’gen III

synthase: uroporphyrinogen III synthase.
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e AW T CmRIgMEE . B, MHA R
£ HMB & (hydroxymethylbiliin synthase,
HMBs) HIfELT, 4 DMHER RGP T
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Table 1 Advances in the biosynthesis of 5-ALA

Strains Metabolic engineering strategy Yield (g/L)  References

E. coli Expression of heterologous hemA, inhibition of 5-ALA dehydrogenase 7.30 [11]
activity and fed-feed fermentation

E. coli Expression of hemA and hemL with different promoters, regulating the 5.25 [13]
expression of 5-ALA dehydrogenase and increasing the synthesis of
pyridoxal phosphate

E. coli Regulating the glyoxylic acid cycle precisely to promote 5-ALA 3.40 [14]
accumulation

E. coli Overexpression of hemF gene inhibits the activity of 5-ALA 3.40 [15]
dehydrogenase and optimization of culture conditions

E. coli Increasing the activity of heterologous 5-ALA synthase by chaperone 7.47 [16]
proteins, expression of RAhtA4 and enhancing the synthesis of PLP

E. coli Co-expression of heterologous HemA !l and pgr7 genes and fermentation 7.64 [17]
optimization

E. coli Expression of heterologous hemA gene, optimization of biosynthesis 2.81 [18]
pathways towards coenzyme A and precursor

E. coli Expression of heterologous hemA gene and optimization of culture 8.80 [19]
conditions

E. coli Optimization of heme pathway to increase 5-ALA production 3.25 [20]

E. coli Expression of 5-ALA synthase and inhibition of zemB by antisense RNA 1.23 [21]

E. coli Expression of heterologous semA and expression of 3.60 [22]
poly-3-hydroxybutyrate synthesis pathways

E. coli Influencing the expression of hemB by CRISPRi, guide carbon flux and 6.93 [23]
fermentation optimization

E. coli Co-expression of hemA and chaperone 5.66 [24]

E. coli Fine-tuning the expression of hemB to different degrees by CRISPRi 0.86 [25]

C. glutamicum Co-expression of hemA and hemL, knocking out ncg/1221] and other genes 0.89 [26]

C. glutamicum Expression of heterologous hemA, regulation of glycine synthesis pathway  3.40 [27]

C. glutamicum Screening the ALAS, expression of 5-ALA transporter, and two-step 14.70 [12]
fermentation

C. glutamicum Screening the hemA and optimize the codons, overexpression of ppc and 7.53 [28]
knock out the HMW-PBPs related genes

C. glutamicum Expression of hemAL operon and fermentation optimization 2.20 [29]

C. glutamicum Co-expression of heterologous hemA and hemL, inhibiting the pathway of 1.79 [30]

heme synthesis

2 WHRRALE Y B BT X R

PURLISAL W) 2 AFAE T AR B2 Rl A=)
H, DA B 2R T O RE R AR
TEAE ARG S P AR A . HATE ) 20
TEMDL, HARDhRE S0 R 2 Rt
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Table 2 Tetrapyrrole compounds and their applications

Type Function

Application

Heme Combining oxygen, peroxidase coenzyme & regulating

expression of gene

Food additives
Anti-anemia drugs
Tumor location and treatment

Vitamin B, Promoting methyl transfer, promoting nucleic acid biosynthesis =~ Treatment of megaloblastic anemia
& participating in the growth of red blood cell, promoting folic ~ Treat depression
acid absorption Treatment of Alzheimer’s disease
Chlorophyll Absorbing light energy & maintaining enzyme activity Anti-cancer drugs
Cosmetic
Food additives
Feed additives
Bilin Participating in photosynthesis & participating in the Optical therapy

luminescence

Coenzyme Fy3

Cofactor for methyl-coenzyme M reductase

Disease diagnosis
Antioxidant drugs
Food colorant
Methane biosynthesis
Bio-use of methane

ZRRAT T IMLEL AR A5 AR AR T S O B
AT T S, HABUREmE 3 Fostl ek
WRAK A 342 (protoporphyrin-dependent pathway,
PPD): 4G, FRUNURISIIIEZ i BR AR bk 5t I R
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Mh bk J5AE ZE RN IR EUSA AL (HemF) Y HEAL AR
AR A MR DX, 3, RN A AL
fitf (HemG) FOVEFIT, JEtnimbk st IXHe A6 g it n i
MRIX o 2, WEE A (HemH) 78k 1
A7 A S ST bk IX 8 IS Wb PR A% o 2 T A= il IfL 21
R ZRE FEAAAET BB DL ORI o 5
2R (G) g Hoh, F 2 RBP4
I ZE R AR A O FE D K K A A A
(coproporphyrin-dependent pathway, CPD), 4
PPD RACAHH L, TEFERMIRK A 6 B H B0 52
FENP IR AR SRR IR A AL (HemY) AOAE ]
A RSN, 25 R G A AL 2 bk )
ML BR i A 78 T S T A W B 4 A o A AE
SR (HemQ) MIMEAL T AR MLLE . HFFEA
GURBL, TERRR BRI 5t 4 B A1 B 281 T IS A7 7R
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— P DAV B i 1 2R Ry R AR AV B I 21 2 AR
W#2 (siroheme-dependent pathway, SHD)"",
(S =g 1A R TR R O NS TE /N E N =11 B £
Y B RENSE T KRR A 7= il 21 R (4 ik,
WFE N R TR 22 A A M A ), R
AP BRI A UL T 2 . fln, 2003 4
Kwon 5878 KW FFw o F H C4 i 42 LA K PPD i&
R T ML R A BRI E]= 4 n ok
B RIRE A HIRE] T 90 umol/L, 2RI
BARI S M2 ZM, e IRt b, iyt
ik ALAS. NADP {15~ SRR A1 — IR IR E:
12 B U0 A0 S AR AR AR A T i — 25 1 A 4
oAk, A I 2 it it 21 2 i = A= 1L eah,
2013 4F Lee Ay T8GR IMLL Z A A A, KLl %=
B B A2 AH I 1) ik [N A T 4 R v v A 7 A
Foik HaAb T 2T R AR TR G B, e 2% T
PRIMEL Z (77 ik %] 0.49 pumol/g-DCWH
2018 4F, Zhao ZFF FH C5 ®48LA K PPD 42 ik
IS ML R G B, A HT LT R A s A
[ BE R 2 818 Bt T = s i, AR
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Figure 3 The biosynthesis pathway of heme. Green arrow is the CPD pathway, red arrow is the SHD
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Figure 4 The biosynthesis pathway of vitamin Bj,. CysG: siroheme synthase; CobA: urophorphyrin III
methylase; Cobl: precorrin-2  C(20)-methyltransferasee; CobG: precorrin-3B  synthase; CoblJ:
precorrin-3BC(17)-methyltransferase; CobM: precorrin-4 C(11)-methyltransferase; CobF: precorrin-6A
synthase; CobK: precorrin-6A reductase; CobNST: cobaltochelatase subunit; CobL: cordon-bleu WH2 repeat;
CobH: precorrin-8X methylmutase; CobO: cob( II )yrinic acid a,c-diamide adenosyltransferase; CobQ:
cobyric acid synthase; CobC: alpha-ribazole phosphatase; CobV: adenosylcobinamide-GDP ribazoletransferase;
CbiK: sirohydrochlorin cobaltochelatase; CobP: bifunctional adenosylcobinamide kinase/
adenosylcobinamide-phosphate guanylyltransferase; CbiL: precorrin-2 C(20)-methyltransferase; CbiH:
precorrin-3B C(17)-methyltransferase; CbiF: precorrin-4 C(11)-methyltransferase; CbiG: cobalt-precorrin 5A
hydrolase; CbiD: cobalt-precorrin-5B (C(1))-methylt ransferase; CbiJ: cobalt-precorrin-6A reductase; CbiC:
precorrin-8X  methylmutase;  CbiE:  precorrin-6y  C5,15-methyltransferase;  CbiT:  precorrin-6Y
C5,15-methyltransferase; CbiA: cobyrinic acid a,c-diamide synthase; CobA: uroporphyrinogen-III
C-methyltransferase.
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