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Abstract: The fungal bioluminescence pathway (FBP) is a metabolic pathway responsible for
the generation of bioluminescence derived from fungi. This pathway utilizes caffeic acid as the
substrate, generating a high-energy intermediate, and the decomposition of which yields green
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fluorescence with a wavelength of approximately 520 nm. The FBP is evolutionally conserved
in luminescent fungal groups. Unlike other bioluminescent systems, the FBP is particularly
suitable for engineering applications in eukaryotic organisms, especially in plants. Currently,
metabolically engineered luminescent plants are able to emit visible light to illuminate its
surroundings, which can be visualized clearly in the dark. The fungal bioluminescent system
could be explored in various applications in molecular biology, biosensors and glowing
ornamental plants, and even green lighting along city streets.
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Integration of the FBP into plant metabolic pathways'™®
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Figure 2 Autoluminescent plants with significantly enhanced luminescence.

TG M , A BRSO R = LA T
52 RN o X BE WL o b — 25 B R A AR Y
Jta B AR R K MU IS

WEs AR R G AT U T AR T RIF K,
HATT 2 (TR S o 5 3K Ot R R A
UL, FBP s tl a] LU F st kil A= 9 Ko
Rl TRB A o BT RERY T/, ME
BAEYDLT- IO mIfE A, Bl R i o, A
it LAIMANER Y , B IO REULAAG I &'
FBP 348 A] LIAT S5 R AR AG I AieAS | 5 AR A D00 7
Fro 1 H. FBP @AR B AP 520 nm AY 2G4
b AN DI e S T GRS W
MT L@y . FBP it 5 HAb AW kotikie

&: 010-64807509

Cana K R A ) R s A ) HoR B RO T . 1
Al — =ik, FBP 5 HAb ROt RGN B H
AT, 72635 BT DU B X A0 (B
—RAVE, RIOCR G AR A, w] 5L
PR AR ) A A 4 ] 30T P 322 S5 A ) R e 3 6 44
PRGNS 320k i R Ge T IR F e R Bk
AL AR I TE RS G I B A By T
SR BRI A AR g e ol e e
TERE— P 5 v OGS E A LAl |, JE T FBP
% 4 3 5iR AR 05T i of R LA S R B2 A
BT R, R T T MR S A Ak
JeHEYIAE H IR TG VERT, Wl CO,, #5 KM
REMTE T ALY 5 AL o A RO

B<: cjb@im.ac.cn



ISSN 1000-3061  CN 11-1998/Q  A:#y T'#22£4}z  Chin J Biotech

e, PTHFARSZ BRI ARG, ZE A A
RN BR 5 8 3] - R B AT KPR —
RPN 30 m® AHA B G A RERAY 0.3% 7).
TN, ST TE LT ) R AR W] 0] ke WA oy
BB R EEE N. nambi , iZ W55 A4, N. nambi
A RE N 5 175 5 1 IRUBR IR 18 2% VDA 56 1 ] Rl & i
IATEAL T IE R A, X WER T FBP a8 %t A
PRV A 2 4 BRI, A6 KA 8 b ek 5L A
I P P T 5% o 32— A Y AR W R VR e AL
R B, G 1B s B br o ol LA,
ROCHE YR AR At 2 3 it 2 R W e Ui 4% 4k
MR, AT WA A Y B R AL 2
H, R BEACRE IR IR AL RN IR HE AR BT SR s

REFERENCES

[1] HADDOCK SHD, MOLINE MA, CASE JF
Bioluminescence in the sea[J].
Marine Science, 2010, 2: 443-493.

[2] MEIGHEN EA. Molecular
bioluminescence[J].
55(1): 123-142.

[3] BRODL E, WINKLER A, MACHEROUX P. Molecular
mechanisms of

Annual Review of

biology of bacterial
Microbiological Reviews, 1991,

bacterial bioluminescence[J].
Computational and Structural Biotechnology Journal,
2018, 16: 551-564.

[4] FLEISS A, SARKISYAN KS. A brief review of
bioluminescent systems (2019)[J]. Current Genetics,
2019, 65(4): 877-882

[5] MARKOVA SV, LARIONOVA MD, VYSOTSKI ES.

Shining light on the secreted luciferases of marine

copepods: current knowledge and applications[J].
Photochemistry and Photobiology, 2019, 95(3):
705-721.

[6] MASSOUD TF, PAULMURUGAN R, de A, RAY P,
GAMBHIR  SS.

protein-protein

Reporter gene imaging of
living subjects[J].

Current Opinion in Biotechnology, 2007, 18(1): 31-37.
[7] JENKINS DE, YU SF, HORNIG YS, PURCHIO T,

CONTAG PR. In vivo monitoring of tumor relapse and

interactions in

metastasis using bioluminescent PC-3M-luc-C6 cells in
murine models of human prostate cancer[J]. Clinical &
Experimental Metastasis, 2003, 20(8): 745-756.

[8] CONTAG CH, BACHMANN MH. Advances in in vivo

http://journals.im.ac.cn/cjben

(1]

[12]

[16]

bioluminescence imaging of gene expression[J].
Annual Review of Biomedical Engineering, 2002, 4:
235-260.

KWAK SY, GIRALDO JP, WONG MH, KOMAN VB,
LEW TTS, ELL J, WEIDMAN MC, SINCLAIR RM,
LANDRY MP, TISDALE WA, STRANO MS. A
nanobionic light-emitting plant[J]. Nano Letters, 2017,
17(12): 7951-7961.

HOLLIS RP, LAGIDO C, PETTITT J, PORTER AJR,
KILLHAM K, PATON GI, GLOVER LA. Toxicity of
the bacterial luciferase substrate, n-decyl aldehyde, to
Saccharomyces cerevisiae and  Caenorhabditis
elegang[J]. FEBS Letters, 2001, 506(2): 140-142.
JIJANG TY, DU LP, LI MY. Lighting up
bioluminescence with coelenterazine: strategies and
applications[J]. Photochemical & Photobiological
Sciences, 2016, 15(4): 466-480.

LOVE AC, PRESCHER JA. Seeing (and using) the

light: recent developments in bioluminescence
technology[J]. Cell Chemical Biology, 2020, 27(8):
904-920.

KOTLOBAY AA, SARKISYAN KS, MOKRUSHINA
YA, MARCET-HOUBEN M, SEREBROVSKAYA EO,
MARKINA NM, SOMERMEYERLG,
GOROKHOVATSKY AY, VVEDENSKY A, PURTOV
KV, PETUSHKOV VN, RODIONOVA NS,
CHEPURNYH TV, FAKHRANUROVA LI, GUGLYA
EB, ZIGANSHIN R, TSARKOVA AS, KASKOVA ZM,
SHENDER V, ABAKUMOV M, et al. Genetically
encodable bioluminescent system from fungi[J].
Proceedings of the National Academy of Sciences of
the United States of America, 2018, 115(50): 12728-12732.

KE HM, LEE HH, LIN CY [, LIU YC, LU MR, HSIEH
JW A, CHANG CC, WU PH, LU MJ, LI JY, SHANG G,
LU RJH, NAGY LG, CHEN PY, KAO HW, TSAI 1J.
Mycena genomes resolve the evolution of fungal
of the
Academy of Sciences of the United States of America,
2020, 117(49): 31267-31277.

KE H-M, TSAI 1J. Understanding and using fungal
bioluminescence-Rrecent

bioluminescence[J]. Proceedings National

progress  and  future

perspectives[J]. Current Opinion in Green and
Sustainable Chemistry, 2022, 33: 100570.

KHAKHAR A, LEYDON AR, LEMMEX AC,
KLAVINS E, NEMHAUSER L.

hormone-responsive transcription factors can monitor

Synthetic

and re-program plant development[J]. eLife, 2018, 7:
34702.



STA % | AREARBHHRSHAHE

[17]

[18]

[19]

(23]

[24]

MITIOUCHKINA T, MISHIN AS, SOMERMEYER
LG, MARKINA NM, CHEPURNYH TV, GUGLYA EB,
KARATAEVA TA, PALKINA KA, SHAKHOVA ES,
FAKHRANUROVA LI, CHEKOVA SV, TSARKOVA
AS, GOLUBEV YV, NEGREBETSKY VV,
DOLGUSHIN SA, SHALAEV PV, SHLYKOV D,
MELNIK OA, SHIPUNOVA VO, DEYEV SM, et al.
Plants with genetically encoded autoluminescence[J].
Nature Biotechnology, 2020, 38(8): 944-946.

ZHENG P, GE JY, JI JY, ZHONG JL, CHEN HY, LUO
DR, LTI W, BI B, MA YJ, TONG WH, HAN LQ, MA
SQ, ZHANG YQ, WU JP, ZHAO YQ, PAN RH, FAN
PX, LU MZ, DU H. Metabolic engineering and
mechanical  investigation of enhanced plant
autoluminescence[J].
2023: PBI-225.
OLIVEIRA AG, DESJARDIN DE, PERRY BA,
STEVANI CV. Evidence that a single bioluminescent

system is shared by all known bioluminescent fungal

Plant Biotechnology Journal,

lineages[J]. Photochemical & Photobiological Sciences,
2012, 11(5): 848-852.

AIRTH RL, MCELROY WD. Light emission from
extracts of luminous fungi[J]. Journal of Bacteriology,
1959, 77(2): 249-250.

AIRTH R. Characteristics of cell-free
bioluminescence[J]. Light and Life, 1961: 262.
AIRTH RL, FOERSTER GE. Enzymes associated with
bioluminescence in panus stypticus luminescens and

fungal

panus stypticus non-luminescens[J]. Journal of
Bacteriology, 1964, 88(5): 1372-1379.

OLIVEIRA AG, STEVANI CV. The enzymatic nature
of fungal bioluminescence[J]. Photochemical &
Photobiological Sciences, 2009, 8(10): 1416-1421.
PALKINA KA, BALAKIREVA AV, BELOZEROVA
OA, CHEPURNYKH TV, MARKINA NM,
KOVALCHUK SI, TSARKOVA AS, MISHIN AS,
YAMPOLSKY IV, SARKISYAN KS.

truncation in hispidin

Domain

synthase orthologs from
non-bioluminescent fungi does not lead to hispidin
biosynthesis[J]. International Journal of Molecular
Sciences, 2023, 24(2): 1317.

PURTOV KV, PETUSHKOV VN, BARANOV MS,
MINEEV KS, RODIONOVA NS, KASKOVA ZM,
TSARKOVA AS, PETUNIN AI, BONDAR VS,
RODICHEVA EK, MEDVEDEVA SE, OBAY, OBAYY,
ARSENIEV AS, LUKYANOV S, GITELSON JI,
YAMPOLSKY IV. The chemical basis of fungal

bioluminescence[J]. Angewandte Chemie International

: 010-64807509

[26]

[27]

(28]

[34]

Edition, 2015, 54(28): 8124-8128.

LIU XY, WANG MY, LIU YJ. Chemistry in fungal
bioluminescence: theoretical studies on biosynthesis of
luciferin from caffeic acid and regeneration of caffeic
acid from oxidized luciferin[J]. Journal of Fungi, 2023,
9(3): 369.

TONG Y, TRAJKOVIC M, SAVINO S, van BERKEL
WIJH, FRAAIJE MW. Substrate binding tunes the
reactivity of hispidin 3-hydroxylase, a flavoprotein
monooxygenase involved in fungal bioluminescence[J].
Journal of Biological 2020, 295(47):
16013-16022.

KASKOVA ZM, DORR FA, PETUSHKOV VN,
PURTOV KV, TSARKOVA AS, RODIONOVA NS,
MINEEV KS, GUGLYA EB, KOTLOBAY A,
BALEEVA NS, BARANOV MS, ARSENIEV AS,
GITELSON JI, LUKYANOV S, SUZUKI Y, KANIE S,
PINTO E, DI MASCIO P, WALDENMAIER HE,
PEREIRA TA, et al. Mechanism and color modulation
of fungal bioluminescence[J]. Science Advances, 2017,
3(4): e1602847.

BROUNS SJJ, BARENDS TRM, WORM P,
AKERBOOM J, TURNBULL AP, SALMON L, van
der OOST J. Structural insight into substrate binding

Chemistry,

and catalysis of a novel 2-keto-3-deoxy-D-arabinonate
dehydratase illustrates common mechanistic features of
the FAH superfamily[J]. Journal of Molecular Biology,
2008, 379(2): 357-371.

PIRCHER H, STRAGANZ GD, EHEHALT D,
MORROW G, TANGUAY RM, JANSEN-DURR P.
Identification of human fumarylacetoacetate hydrolase
domain-containing protein 1 (FAHD1) as a novel
mitochondrial acylpyruvase[J]. Journal of Biological
Chemistry, 2011, 286(42): 36500-36508.

CRAMER P. AlphaFold2 and the future of structural
biology[J]. Nature Structural & Molecular Biology,
2021, 28(9): 704-705.
WANGMY, LIU Y.
bioluminescence: a theoretical study from luciferin to

Chemistry in  fungal
light emission[J]. The Journal of Organic Chemistry,
2021, 86(2): 1874-1881.

KOTLOBAY AA, KASKOVA ZM, YAMPOLSKY IV.
Palette of luciferases: biotools for new

Acta Naturae, 2020,

natural
applications in biomedicine[J].
12(2): 15-27.

STEVANI CV, OLIVEIRA AG, MENDES LF,
VENTURA FF, WALDENMAIER HE, CARVALHO
RP, PEREIRA TA. Current status of research on fungal

B<: cjb@im.ac.cn



ISSN 1000-3061  CN 11-1998/Q  A:#y T'#22£4}z  Chin J Biotech

[35]

[37]

[38]

[40]

[41]

bioluminescence: biochemistry and prospects for
ecotoxicological application[J]. Photochemistry and
Photobiology, 2013, 89(6): 1318-1326.

REUTER DN, STEWART CN JR, LENAGHAN SC.
Lighting the
autoluminescent plants[J].
2020, 25(12): 1176-1179.
KHAKHAR A, STARKER CG, CHAMNESS JC, LEE
N, STOKKE S, WANG C, SWANSON R, RIZVI F,

IMAIZUMI T, VOYTAS DF. Building customizable

way: advances in engineering

Trends in Plant Science,

auto-luminescent luciferase-based reporters in plants[J].

eLife, 2020, 9: €52786.

LEE IK, YUN BS. Styrylpyrone-class compounds from
medicinal fungi Phellinus and Inonotus spp., and their
medicinal importance[J]. The Journal of Antibiotics,
2011, 64(5): 349-359.

GERASIMOV AS, ROGOZHKIN SO, SHAKHOVA
ES, CHEPURNYKH TV, GOROKHOVATSKY AY,
MYSHKINA NM, BALAKIREVA AV, YAMPOLSKY
IV. Recombinant production of hispidin-3-hydroxylase:
the key enzyme in fungal luciferin biosynthesis[J].
Russian Journal of Bioorganic Chemistry, 2021, 47(5):
1066-1076.

GOROKHOVATSKY AY, CHEPURNYKH TV,
SHCHEGLOV AS, MOKRUSHINA YA, BARANOVA
MN, GONCHARUK SA, PURTOV KV, PETUSHKOV
VN, RODIONOVA NS, YAMPOLSKY IV. The
recombinant luciferase of the fungus Neonothopanus
nambi:  obtaining and properties[J]. Doklady
Biochemistry and Biophysics, 2021, 496(1): 52-55.
YANG ZH. PAML 4: phylogenetic analysis by
maximum likelihood[J]. Molecular
Evolution, 2007, 24(8): 1586-1591.
OLIVEIRA AG, STEVANI CV, WALDENMAIER HE,
VIVIANI V, EMERSON JM, LOROS JJ, DUNLAP JC.
Circadian  control  sheds light on  fungal
bioluminescence[J]. Current Biology: CB, 2015, 25(7):
964-968.

SHAW DC. Vertical organization of canopy biota[M]//
Forest Canopies. Amsterdam: Elsevier, 2004: 73-101.
LILLESKOV EA, BRUNS TD. Spore dispersal of a
resupinate Tomentella
sublilacina, via soil food webs[J]. Mycologia, 2005,
97(4): 762-769.

WEINSTEIN P, DELEAN S, WOOD T, AUSTIN AD.
Bioluminescence in the ghost fungus Omphalotus

Biology and

ectomycorrhizal

fungus,

nidiformis does not attract potential spore dispersing
insects[J]. IMA Fungus, 2016, 7(2): 229-234.

http://journals.im.ac.cn/cjben

[45]

(48]

[52]

OW DW, WOOD KV, DELUCA M, de WET JR,
HELINSKI DR, HOWELL SH. Transient and stable
expression of the firefly luciferase gene in plant cells
and transgenic plants[J]. Science, 1986, 234(4778):
856-859.

DENG YX, LU SF. Biosynthesis and regulation of
phenylpropanoids in plants[J]. Critical Reviews in
Plant Sciences, 2017, 36(4): 257-290.

KHAN F, BAMUNUARACHCHI NI, TABASSUM N,

KIM YM. Caffeicacid and its derivatives: antimicrobial

drugs toward microbial pathogens[J]. Journal of
Agricultural and Food Chemistry, 2021, 69(10):
2979-3004.

ANAND A, JAYARAMAIAH RH, BEEDKAR SD,
SINGH PA, JOSHI RS, MULANI FA, DHOLAKIA BB,
PUNEKAR SA, GADE WN, THULASIRAM HYV,
GIRI AP. Comparative functional characterization of
eugenol synthase from four different Ocimum species:
implications on eugenol accumulation[J]. Biochimica
et Biophysica Acta (BBA)-Proteins and Proteomics,
2016, 1864(11): 1539-1547.

VOGT T. Phenylpropanoid biosynthesis[J]. Molecular
Plant, 2010, 3(1): 2-20.

WILLIAMS JS, THOMAS M, CLARKE DJ. The gene
stlA encodes a phenylalanine ammonia-lyase that is
involved in the production of a stilbene antibiotic in
Photorhabdus luminescens TTO1[J].
2005, 151(8): 2543-2550.

WOHL J, PETERSEN M. Functional expression and
characterization of cinnamic acid 4-hydroxylase from
the hornwort Anthoceros agrestis in Physcomitrella
pateng[J]. Plant Cell Reports, 2020, 39(5): 597-607.
DENG XB, BASHANDY H, AINASOJA M,
KONTTURI J, PIETIAINEN M, LAITINEN RAE,
ALBERT VA, VALKONEN JPT, ELOMAA P, TEERI
TH. Functional diversification of duplicated chalcone

Microbiology,

synthase genes in anthocyanin biosynthesis of Gerbera
hybrida[J]. New Phytologist, 2014, 201(4): 1469-1483.
BURBULIS IE, WINKEL-SHIRLEY B. Interactions
Arabidopsis flavonoid
biosynthetic pathway[J]. Proceedings of the National

among enzymes of the
Academy of Sciences of the United States of America,
1999, 96(22): 12929-12934.

BOMATI EK, AUSTIN MB, BOWMAN ME, DIXON
RA, NOEL JP. Structural elucidation of chalcone
reductase and implications for deoxychalcone
biosynthesis[J]. The Journal of Biological Chemistry,

2005, 280(34): 30496-30503.



STA % | AREARBHHRSHAHE

[55]

[57]

[60]

VANHOLME R, CESARINO I, RATAJ K, XIAO YG,
SUNDIN L, GOEMINNE G, KIM H, CROSS ],
MORREEL K, ARAUJO P, WELSH L,
HAUSTRAETE J, MCCLELLAN C, VANHOLME B,
RALPH J, SIMPSON GG, HALPIN C, BOERJAN W.
Caffeoyl shikimate esterase (CSE) is an enzyme in the
lignin biosynthetic pathway in Arabidopsis[J]. Science,
2013, 341(6150): 1103-1106.

HA CM, ESCAMILLA-TREVINO L, YARCE ICS,
KIM H, RALPH J, CHEN F, DIXON RA. An essential
role of caffeoyl shikimate esterase in monolignol
biosynthesis in Medicago truncatula[J]. The Plant
Journal, 2016, 86(5): 363-375.

NAIR RB, XIA Q, KARTHA CJ, KURYLO E, HIRJI
RN, DATLA R, SELVARAIJ G. Arabidopsis CYP98A3
mediating aromatic 3-hydroxylation. Developmental
regulation of the gene, and expression in yeast[J]. Plant
Physiology, 2002, 130(1): 210-220.

GUO D, CHEN F, INOUE K, BLOUNT JW, DIXON
RA. Downregulation of caffeic acid
3-O-methyltransferase and caffeoyl CoA

3-O-methyltransferase in transgenic alfalfa. impacts on
lignin structure and implications for the biosynthesis of
G and S lignin[J]. The Plant Cell, 2001, 13(1): 73-88.
FRANKE R, HUMPHREYS JM, HEMM MR,
DENAULT JW, RUEGGER MO, CUSUMANO JC,
CHAPPLE C. The Arabidopsis REFg gene encodes the
3-hydroxylase of phenylpropanoid metabolism[J]. The
Plant Journal, 2002, 30(1): 33-45.

HAHLBROCK K, SCHEEL D. Physiology and
molecular biology of phenylpropanoid metabolism[J].
Annual Review of Plant Physiology and Plant
Molecular Biology, 1989, 40: 347-369.
DIXON RA, PAIVA NL.
phenylpropanoid metabolism[J]. The Plant Cell, 1995,
7(7): 1085-1097.

EHLTING J, BUTTNER D, WANG Q, DOUGLAS CJ,
SOMSSICH IE, KOMBRINK E. Three 4-coumarate:
coenzyme A ligases in Arabidopsis thaliana represent

Stress-induced

two evolutionarily divergent classes in angiosperms[J].
The Plant Journal, 1999, 19(1): 9-20.

YE ZH, KNEUSEL RE, MATERN U, VARNER JE. An
alternative methylation pathway in lignin biosynthesis
in Zinnia[J]. The Plant Cell, 1994, 6(10): 1427-1439.
MENG HB, CAMPBELL WH. Substrate profiles and
expression of caffeoyl coenzyme A and caffeic acid
O-methyltransferases in secondary xylem of aspen
seasonal Plant Molecular

during development[J].

: 010-64807509

[67]

[69]

[70]

[72]

(73]

Biology, 1998, 38(4): 513-520.

LI L, CHENG XF, LESHKEVICH J, UMEZAWA T,

HARDING SA, CHIANG VL. The last step of syringyl

monolignol biosynthesis in angiosperms is regulated

alcohol
13(7):

by a novel gene

The

encoding  sinapyl
dehydrogenase[J]. Plant Cell, 2001,
1567-1586.

DAVIN LB, LEWIS NG. Phenylpropanoid metabolism:
biosynthesis of monolignols, lignans and neolignans,
lignins and suberins[M]//Phenolic Metabolism in
Plants. Boston, MA: Springer US, 1992: 325-375.

YEH AHW, NORN C, KIPNIS Y, TISCHER D,
PELLOCK SJ, EVANS D, MA PC, LEE GR, ZHANG
JZ, ANISHCHENKO I, COVENTRY B, CAO LX,
DAUPARAS J, HALABIYA S, DEWITT M, CARTER
L, HOUK KN, BAKER D. De novo design of
luciferases using deep learning[J]. Nature, 2023,
614(7949): 774-780.

ZHOU Q, CHIN M, FU Y, LIU P, YANG Y.
Stereodivergent atom-transfer radical cyclization by
engineered cytochromes P450[J]. Science, 2021,
374(6575): 1612-1616.

SUN HY, L1Y, FENG SQ, ZOU WH, GUO K, FAN CF,
SI SL, PENG LC. Analysis of five rice 4-coumarate:
coenzyme A ligase enzyme activity and stress response
for potential roles in lignin and flavonoid biosynthesis
in rice[J]. Biochemical and Biophysical Research
Communications, 2013, 430(3): 1151-1156.

SUTELA S, HAHL T, THIMONEN H, ARONEN T,
YLIOJA T, LAAKSO T, SARANPAA P, CHIANG V,
JULKUNEN-TIITTO R, HAGGMAN H. Phenolic
compounds and expression of 4CL genes in silver birch
clones and Pt4CL1a lines[J]. PLoS One, 2014, 9(12):
el114434.

ALLINA SM, PRI-HADASH A, THEILMANN DA,
ELLIS BE, DOUGLAS CJ. 4-coumarate: coenzyme A
ligase in hybrid Poplarl[J]. Plant Physiology, 1998,
116(2): 743-754.

HAMADA K, NISHIDA T, YAMAUCHI K,
FUKUSHIMA K, KONDO R, TSUTSUMI Y.
4-coumarate:
(Robinia pseudoacacia) catalyses the conversion of
sinapate to sinapoyl-CoA[J]. Journal of Plant Research,
2004, 117(4): 303-310.

JIN H, COMINELLI E, BAILEY P, PARR A,
MEHRTENS F, JONES J, TONELLI C, WEISSHAAR
B, MARTIN C. Transcriptional repression by AtMYB4

controls production of UV-protecting sunscreens in

coenzyme A ligase in black locust

B<: cjb@im.ac.cn



n ISSN 1000-3061  CN 11-1998/Q  A:#y T'#22£4}z  Chin J Biotech

[74]

[77]

Arabidopsis[J]. The EMBO Journal, 2000, 19(22):
6150-6161.

YU XW, WANG R, ZHANG M, XU Y, XIAO R.
Enhanced thermostability of a Rhizopus chinensis
lipase by in vivo recombination in Pichia pastoris[J].
Microbial Cell Factories, 2012, 11: 102.

OHTA Y, HATADA Y, HIDAKA Y, SHIMANE Y,
USUI K, ITO T, FUJITA K, YOKOI G, MORI M,
SATO S, MIYAZAKI T, NISHIKAWA A, TONOZUKA
T. Enhancing the
characterization of Microbacterium saccharophilum
K-1 B-fructofuranosidase[J]. Applied Microbiology
and Biotechnology, 2014, 98(15): 6667-6677.

SATO W, RASMUSSEN M, DEICH C, ENGELHART
AE, ADAMALA KP. Expanding luciferase reporter
systems for cell-free protein expression[J]. Scientific
Reports, 2022, 12: 11489.

SKRIGELL, JG, AR, W ROC R IHA S TR
FireR B R[], 20 TAEYE i, 2022: 1-10.

thermostability and structural

http://journals.im.ac.cn/cjben

(78]

[79]

[80]

ZHANG XH, ZHOU Z, ZUO ZC, Bioluminescence
and its application in molecular plant breeding[J].
Molecular Plant Breeding, 2022: 1-10 (in Chinese).
TANNER F, TONN S, WIT J, ACKERVEKEN G,
BERGER B, PLETT D. Sensor-based phenotyping of
above-ground plant-pathogen Plant
Methods, 2022, 18(1): 1-18.

REEVE B, SANDERSON T, ELLIS T, FREEMONT P.

How

interactions[J].

synthetic biology will reconsider natural
bioluminescence and its applications[M]//Advances in
Biochemical = Engineering/Biotechnology.  Berlin,
Heidelberg: Springer Berlin Heidelberg, 2014: 3-30.

de ARAUJO JA, FERREIRA N, DA SILVA SD,
OLIVEIRA G, MONTEIRO RC, ALVES YFM, LOPES
the

fermentation of Amazonian cocoa beans and the

A. Filamentous fungi diversity in natural

microbial enzyme activities[J]. Annals of Microbiology,
2019, 69(9): 975-987.

(BT HET)



