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Biosynthesis of alkyne moiety in natural products and application of

alkyne biosynthetic machineries
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('Institute of Traditional Chinese Medicine and Natural Products, College of Pharmacy, Jinan University, Guangzhou 510632,
Guangdong, China; *College of Traditional Chinese Medicine, Jinan University, Guangzhou 510632, Guangdong, China)

Abstract: Alkyne is a biologically significant moiety in many drugs and natural products, which is also a versatile
building block in modern chemistry. Therefore, it is of great importance to efficiently synthesize alkyne-containing
products in the fields of medicinal chemistry, organic chemistry, chemical biology and so on. Generally, alkyne-
containing products are obtained via chemical synthesis, but this strategy often suffers from high cost, low efficiency
and harsh reaction conditions. Alternatively, microbial biotransformation can be performed through feeding alkyne-
containing precursors, but it is still challenging since these precursors are not easily accessible. Inspired by the
advancement of synthetic biology, de novo biosynthesis is expected to be a promising approach for producing

acetylenic products, which is environmentally friendly and industrially tractable. Great efforts have thus been devoted
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to elucidating the biosynthetic machinery of alkyne moiety in natural products so as to provide efficient enzymatic
tools for the de novo biosynthesis of acetylenic products. In this review, we comment recent progress in biosynthesis of
alkynes in different natural products. In unsaturated fatty acids, a special family of desaturases serve as acetylenases,
converting olefinic bonds to triple bonds via O,-dependent dehydrogenation with the use of a diiron active site. In
polyketides, although lots of work has been done in revealing the biosynthetic routes of enediyne antibiotics, the
genetic basis for synthesizing acetylenic bonds in their core backbones remains enigmatic. In polyketide-non ribosomal
peptide hybrid molecules, the three-gene cassette encoding the ligase, acyl carrier protein (ACP) and acetylenase is
responsible for the formation of the terminal alkyne-labeled fatty acyl-ACP, which is then used as the starting unit to be
incorporated into the assembly line. In amino acids, the halogenase catalyzes the side-chain halogenation followed by
the oxidase-mediated side-chain cleavage, and then the lyase catalyzes the elimination reaction to convert resulted
alkene to the terminal triple bond. In meroterpenoids, the cytochrome P450 oxidase can consecutively catalyze two
rounds of dehydrogenation to provide the internal alkyne in the prenyl chain. Moreover, we also introduce de novo
biosynthesis of the terminal-alkyne tagged polyketides and proteins on the basis of the characterized biosynthetic
machineries of alkynes. Despite the great progress in alkyne biosynthesis, it needs to be further strengthened in
exploring the types of alkyne synthases as well as expanding their substrate specificity, so as to provide more

enzymatic tools for the de novo biosynthesis of alkyne-containing products.

Acetylenic natural products Enzyme inventory Acetylenic non-natural products
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Tab.1 Acetylenases identified for the biosynthesis of acetylenic fatty acids

i P LIRS NCBI B35 FEY) SCHR
1 it Crepis alpina Crepl (CAA76158) SN =~ ~_COOH [39-40]
2 Petroselinum crispum PcACET (AAB80697) SN — o~ ~_COOH [41]
3 Hedera helix HhACET (AAO38031) S — o~ ~_COOH [41]
4 Helianthus annuus HaACET (AA038032) S —~~~_COOH [41]
5 Calendula officinalis CoACET (CAB64256) N — ~~~_COOH [41]
6 Daucus carota DCAR_013552 (XP_017247320) 7 ™\ _—__~_~_COOH [42]
7 Daucus carota DCAR_017011 (XP_017253817) 7 “\_—__~_~_COOH [42]

8 Daucus carota DCAR_013548 (XP_017246930) S\ _—__~_~_COOH [42]
9 Solanum lycopersicum ACETla/b M;:-_:W COOH [43]
10 Ceratodon purpureus CpAcet6 (QILENO) Wii='5MCOOH [44]
11 Bidens pilosa BPFAA (MF318525) E 1 [45-46]
12 Bl Thaumetopoea pityocampa Tpi-PGFAD (ABO43722) )AWV COOH [47]
13 Chauliognathus lugubris CL10 (AFJ66832) NS — o~ ~~_COOH 48]
14 Chauliognathus lugubris CL2-1 (AFJ66828) S COOH [48]
15 Chauliognathus lugubris CL2-2 (AFJ66829) S COOH [48]
16 BEMI Cantharellus formosus CFACET (ADK24720) TN~ ~_COOH [49]
17 Burkholderia caryophylli CayB (AIG53817) AR A [50]
18 Burkholderia caryophylli CayC (AIG53820) AN [50]
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DCAR_OI?Oll 2 mm—————— VNYLAWAAYIAVQGCVLTGAWVVGHECD-HDAFSNYNWINDLVGLVVHSSLLVPYFSWEISHRRHHANTQSLENDEVYVPRFK @ 163
DCHR_013548 i LNYVAWAAYIAVQGCVLTGAWVVGHECD-HDAFSNYNWINDLVGLVVHSSLLVPYFSWEISHRRHHANTQSLENDEVYVPRFE : 163
CfACET : GTIGAEVFRWSLWSVYWWFQGLNFTGIWVIGHESG-HGAFSANRTVCDIVGFVTHTLMWTPYFSWRISHHRHHSNHASMERDEVYVPRTR : 166
CpAcett + IATICYDRSYWAIVLSASLMGLFVQQCGWLAHDFLEQQVFENRTANSFFGYLFGNCVLGFSVSWWRTRHNIHHTAPNECDEQYTPLDEDLI : 270
scpl 2 —— —_— — RRGFFFSHVGWLLVEREHPAVEKERGGELOMSDLEAEKLVMFQRRYYEPGLLLMCFILPTLVEWY : 232
Tpi-PGFAD B e e = ARGLFFSHVGWLLVRRHDEVERRGRFTDMSDIYNNPVLEFQREYAIPFIGAVCFILPTVIFMY : 200
cL2-2 z RRGFFHSHMGWTIRQRSPEFITRAREADMSDLYNNTIVRIQDEYYYSILMVVFFIMPTVMEMY : 208
CLZ2-1 B e e e FRGFFHSHMGWTIRERSPEFISRAREADMSDLYNNTIVRIQDEYYYSILIVVFFIMPTVMEMY : 208
CLl0 a RRGFFYSHMGWTMVERNPEFETRCNEIDLSDLYSDPIVNFQYRYYYQILFVVFLVVPTFIPMY : 204
CayB - LEGMWHAHVGWLFTLR----RQNWSQFTPDLLEDEWIVQLNRLYFAWIALGLALPRRAGWLIG : 156
CayC = LRGLWHAHMPWMMSPE----MSSWSYFAQDILEDRALFFFNQTYFYWVVLGLLIPAGIGGFAT : 203
Crepl ¢ ARVAL-———————== YYRVLNHPPGRLLIMFITFTLGFPLYLFTNISGKK-YERFANHFDPMSPIFKERERFQVLLSDLGLLAVLYGVEL : 234
PCACET : SNIBRN--—=——===== ¥YYRLLNNPPGRVLVWLTTLLIGFPLYLMFNVSGHR-YERWTSHYDPHSPLYSDRERREIIVSDIAILAVIYDLYQ : 242
HhACET - —YYRILNNPPGRVFVWLSTLLIGFPLYLMFNVSGHR-YERWTSHYDPHSPLYSDREREEIIISDVAILTVIYGLYR : 241
HaACET = =¥ SELLNNPPGRVFTLVFRLTLGFPLYLLTNISGEK-YGRFANHFDPLSPIFTERERIQVVISDIGILAVLYATEL : 236
CoACET - —¥YSRLLNNPPGRVFTLVFRLTLGFPLYLLTNISGRE-YGRFANHFDPMSPIFNDRERVQVLLSDFGLLAVFYAIEL : 236
DCBR_013552 : SNIRN--—-—-—————= YYKLLNNPPGRVLVWLTTLLIGFPLYLMFNVSGHK-YERWTSHYDPHSPLYSDRERKEITIISDIAILAVIYGLY(Q : 242
DCAR_DITOll : SHNIRN-=—=—======= YYELLNNPPGRVLVWLTTLLIGFPLYLMFNVSGHE-YERWTSHYDPHSPLYSDREREEIIISDIAILAVIYGLYE : 242
DCHR_013548 : SNIRN-——————- YYRLLNNPPGRVLVWLTTLLIGFPLYLMFNVSGHE-YERWTSHYDPHSPLYSDREREEIIISDIAILAVIYGLYQ : 242
CfACET : SDLGIPEGENEDIDWDHYLGDTPLYTLYMLARQQVLAFPAYLLFNVSGQESYPEWTNHFDPNSVLFNPSQRNAVIASNLGIFAMIWGVTY : 256
CpAcetb : DTLPIIAWS———————————==== REILATVESRRILRVLQYQHYMILPLLFMARYSWTFGSLLFTFNPDLSTTRGLIERGTVAFHYAWF : 345
SCcDl : CWGETEVNSLFVSTFLRYTLVLNATWLVN SARAHLYGYRPYDENIQSRENILVSLGAVGEG======== FHNYHHTFPFDYSASEYR-W-H : 312
Tpi—PGFBD : FWGESLNN-AWHICILREYAMNLNVTES SLAHIWGNEFYDRDIRPAQNFGVTLATFGEG——————— FENYHHVFPWDYRTSELGDN-E : 280
cL2-2 : LWNETFVN-AFSLNILRYLVNLHCFF SARHEMGYKPYRKDIYASDFMLASIIMQGDA--—————= WHNYHHTFPWDYKTSEHGTY-G : 288
CLZ2-1 : LWNETEFVN-AFSLNILRYLVNLHRFF SAAHEMGYRFPYREDIYASDFMLASILMQGDA-- =WHNYHHTFPWDYRTSEHGTY-G : 288
CL10 : FWNETEVN-AFCLNLSRYLLSLHCTWLVN SAAHLYGNEEPYDESLYSSENFWVTILVNGEG—— -WHNYHHAFPWDYKASELGIY-S : 284
CayB : GTAYSALMGFLWGGLMEIFLVDQATWAIN SFAHSFGPRFNRTRDASENVAWLALPAVGGG-- -WHNNHHAFPALARTGQH-FW-Q : 276
CayC : GNWHGALSGLVFGGFARMFIANQFAWCVGSICHRYGARPFDTNDHSTNNWIVAFLTFGEG——————— LONNHHAFPAWFRHGVR-WW-E : 283
Crepl : AVAAKGRAAWVTCIYGIPVLGVFIFFDIINMYILHHTHLSLPHYDSSEWNWLRGALSTIDRDFGFLN--SVLHDVTHTHVMEHLFSYIPHY-H : 321
PcCACET : LVLARGFAWVFCVYGGPLLVVNGWEFVLYRILNHTHPSLPYYDSTEWDWLRGALCTVDRDYGILN--KRVFHNVCNAHVCHHIFSMIPHY-H : 329
HhACET : LVLAKGFEWVFLVYGGPLLVVNGWFVLIMILNHTHPSLPYYDSTENDWLRGALCTVDRDYGILN--KVFHNVCNAHVCHHIFSMIPHY-H : 328
HaACET : LVEAREGRAAWVTCMYLIPVLGVHMFEVL YLHHTHLSLFHYDSTEWNWIRGALSTIDRDFGFLN--RVFHDVTHTHVLHHLISYIPHY-H : 323
CocACET : LVARRGAAWVINMYAIPVLGVSVEFFVLINYLHHTHLSLPHYDSTEWNWIRGALSTIDRDFGFLN-—-RVFHDVTHTHVLHHLISYIPHY-H : 323
DCBR_013552 : LVLARKGFAWVFCVYGGPLLVVNGWEVL ILNHTHPSLPYYDSTEWDWLRGALCTVDRDYGILN--EVFHNVCNAHVCHHIFSMIPHY-H : 32%
DCER_DI?Dll : LVLARGFAWVFFVYGGPLLVVNGWFVLINILNHTHPSLPYYDSTEWDWLRGALCTVDRDYGILN--KVFHNVCNAHVCHHIFSMIPHY-H : 329
DCER_013548 : LVLAKGFAWVFCVYGGPLLVVNGWFVLIMILNHTHPSLPYYDSTEWDWLRGALCTVDRDYGILN--KVFHNVCNAHVCHHIFSMIPHY-H : 329
CfACET : ASTVYGTAEVIRYYFFPWLCVSHWFIMINYLHHTNENLPHYRRSEWSFQRGAACTVDRPFLGWQGRFFLEDVAHYHVIHHFFPOMPFY-H : 345
Cpacets : SWAAFHILPGVAEPLAWMVATELVAGLLLGFVFTLSHNGEEVYNESKEDEVRAQVITTRNTRRGWENDWFTGGLDTZIEHHLFPTMPRHNY : 435
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