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substrates.

Introduction

Polyketide-synthases (PKS) are a class of multi-domain megasynthases involved in the production of diverse of polyketides. The large class of PKS can be
further divided into three different types (I-ll1) which differ in the way they biosynthesize its products. We have focused on type | PKS that either work
iteratively (they use each domain several times) or in a multi-modular way. Modular PKS | are large enzymes composed of several modules, each containing
a specific set of catalytic domains. They are similar to fatty-acid-synthases, but they can contain domains for both, total and partial reduction of Its

However, relating the sequence of various catalytic domains present in a PKS biosynthetic gene cluster to the chemical structure of the final product Iis a

challenging task [1,2].

In our studies we have addressed following questions: Can we predict the number of iterative steps catalyzed by an iterative PKS 1? Is it possible to predict
which substrate Iis accepted by a given acyl-transferase (AT) domain used for chain elongation?

Can we predict the number of elongation steps that are catalyzed by an iterative PKS 1?

Methods

For prediction of the number of iterative steps
being catalyzed by an iterative PKS | we
measured the correlation between the cavity
volume of the keto-synthase (KS) domain and the
number of Iterations. This methoad was
previously proposed by Yadav et al [1]. Therefore
homology models of different PKS | were built
using the SBSPKS server. Each binding pocket
was identified through superpositionig with 1B3N,
a homologue [(-ketoacyl-carrier-protein synthase
that has been co-crystallized with an inhibitor.
Cavity volume was measured using Sitemap
(Schrodinger Inc.).
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Fig. 1: Correlation between catalytic cavity volume and nhumber of
elongation steps for iterative and modular PKS |

Results

Predicting the number
condensation-steps:

A correlation was found between the
cavity volume of the bindingpocket and
the number of Iterative steps being
catalyzed by the corresponding KS
domain (Fig.1). The correlation was
weaker than previously reported. As
expected no significant correlation was
observed between the cavity volume of
the last KS domain of modular PKS | and
the size of its metabolic product.

of Iterative

Prediction of the substrate specificity of an AT domain

Methods

We calculated the affinity of
representative AT domains for
candidate substrates (methylmalonate,
malonate and methoxymalonate) using
Glide 5.8 (Schrodinger Inc.). The AT
domains were first modelled using Prime
(Schrodinger Inc.). Templates were
obtained from PDB after performing a
BLAST search aiming at the identification =
of homologous proteins with available
structural Iinformation. Afterwards, an
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all-atom energy minimization was carried

performed a seqguence motif search [2].
After docking with the three substrates
we compared the corresponding docking

scores to identify the favoured substrate. 506
Furthermore, we performed a multiple g ™
sequence alignment using Jalview g =
(http://www.jalview.org) to identify amino %
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Fig. 2: Representation of the docking
scores for each substrate and its specific
AT domain and visualization of the
binding mode of Methylmalonate In its
corresponding binding pocket

Results

Predicting substrate specifity of AT
domains: Comparison of the docking
scores of different AT domains with
possible substrates showed a slight
correlation (Fig. 2) with the actual results.
However it Is to be considered that only
the elongation unit (Malonate,
Methylmalonate or Methoxymalonate)
was used for docking so we cannot
exclude that results would differ slightly if
their CoA-derivatives were docked.
Performing a multiple  sequence
alignment indicated that specific residues
play a key role in substrate specificity for
Methylmalonate or  Malonate  [2].
Moreover, we identified a sequence motif
present in AT domains with specificity for
Methoxymalonate (Fig. 3).
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Herbimycinl_methoxy/1-322 VFVFPGOGARWAGM: TFAIMvSLAALWOANG IHPDAV IGHS|OGE|I AAACVAGH 'DFAGH|SGHVDT | KDOLHNWVLDG I TATPGH- - - TAWMS TVDADWANPTH IDP -DYWYRMLRD T\ - - - -
Herbimycin2_methoxy/1-322 VFVFPGOGAQWAGMI TFAIMVSLAALWOANG IHPDAV IGHSOGE[| AAACVAGH 'DFAGHSGHWVDT | KDOLHNVLDG I TATPGH - - - TAWMS TWDADWANPTH IDP -DYWYRNLRD T Flg. 3: RESldues SharEd by a" AT-domalnS are markEd IN
Tautomycin_methoxy/1-322 VFWFPGOGAQWAGMI SWAVMVSLAALWRSFGVEPSAVVGHSOGELAAAVVGEGY 'DFAGHSGHWVDAI|EERLRAELAD I TARPGE- - - VPWMS TVDGOWADHARVDA -DYWYRMLRD WY . i . _
Concanam ycinl_methoxy/1-320 NFWFPGOGSOWWGM! LFSMMVSLAALWRSYGVEPSAVVGHS[OGE/I| AAAVVAGA 'TFAGHSPOVDEVRGELLDALAGVAPRRTD- - - |AFYSTVTGGVVDTTTLDT -EYWYRNLREP\ Orange_ MOtlfS present N AT.domalnS Wlth Substrate
Concanamycin2_methoxy/1-321 VFWFPGLGSOQWPGMI LFSVMVSLAALWRSYGVEPAAVVGHSQEEVAAACVAGA 'DYASHSDDVSTWVRDRLGEDLSSLWVPKAPA- - -VPLVSTVDADWIGPGDLTH-EYWYRMLRQTW
Soraphen2_methoxy/1-318 VFWFPGQGSOQWEGM! LFSMMVSLAALWRSMGVEPDAWVWVGHSQGE|l AAACVAGA DFASHSAQWES IRDELLDLLSWLEPRSTA---VPFYSTVSGAAIDGSELDA- AYWYRMNLROQPY 'f' 1 f h I f d H bl
Soraphenl_methoxy/1-319 VFWFPGOQGSOWPGM! LFTVMVSLAALWRSRGI|IEPDAVVGHSQGELAAAYVAGA 'DVASHGAQIEGMREQLLEELREIEPRESR--- IPFYSTVRGEKLAGTELGA-AYWYDNLLRPY SpeCI ICIty or Met Oxyma onate are enftrame In ue.
HerbimycinA_methyl/-320 VFWFPGOGAQWVGME TFAVVVSLATLWOSMG IHPDAVTIGHSRIGE/ I AaAaCcvAGH DYA[SHTGHVDT IKNELHOQTLADTTTEPGT - - - LPWLSTVDGEWIEPDTLDS - GYWYRHM[L|RD T - -£"
Chalcomycin_methyl/1-318 VFVFPGOGTOWAGM! SFAVMVSLAELWRSLGWVVPDAVVGHSKIGE/I AAAVVAGE 'DYASHSAHVEELRAELEQ ILAGIDPVAGE---TPLYSTVEAGWYVD TASMDA -GYWF RMLIRRPY RESIdUES that alre SpECIfIC fOI' MEthyImalonate alre
Amphotericin_methyl/1-321 VFVFPGOGSOWVGML SFAVMVSLAAVWRAQGVEPDAVVIGHSRIGE(I AAAVVSEGA 'DYA|SHSHHVEDLHDE ILOQLLAEVAPKASE- - -VPLFSTVTGDWLD TTVMDA - GYWF RS|LIRG R\ - - - - - -
Chlorothricin_methyi1-319 VFWFFGOGSOWAGM! LFAVMYSLAELWRSFGVRPDAVVGHSOIGE(| AAACVAGA 'DYA|SHSHHVEA |RERLAELLAGIAPRSCD- - -VAFYSTWYGEPVDTGELDA -GYWYRNLIRD T hlghllghtEd IN plnk_ Green frames |nd|cate SUbStrate
Concanam yeinA_methyl1-314 VFWFPGOGSOWAGM! LFAVMVSLAEVWRSFGVWVPDAVVGHSRKIGE/I AAAVVAGA 'DYA[SHSAHVEE IRETLLEALSGLRPTAAH- - -WPLYSTVEGGWLD TARMDA -DYWYRHMLIRATY e
Lasalocid_methyl1-320 VFWFPGOGSOWTGM! LFAVMVSLARLWOHHG IHPDAV IGHSRKIGE[I AAAHIAGA 'DYA[SHSAQVES IRDTVLQAATG INPQPTT--- IPLYSTVTGQPIDGTOLDA-DYWY T THLIRHTY Specrflc'ty for Malonate_
Maonensi n_methyl1-316 VLWFPGOGSOWWGMI LWAVMVSLAAVWADHGVTPAAVVGHSRKIGE[I AAVVVAGA 'DYA[SHSPOVDA | TDELTHTLSGWVRPTTAP - - -VAFYSAVTGTRIDTAGLDT -DYWVTHLIRRPY
Nigericin_methyl/1-326 VLWFPGOGSOWAGMI LWAAMVSLAAVWAEYGVRPPAVVGHSRKIGE/I AAAVVAGA 'MYA[SHSPOWVDE | AHEL IELLGGVEPVEVYSGSGVAFYSTYTGGRADVSVLDT -GYWVRHNLIRERY
Nanchangmycin_methylfl-322 VMWVFPGOGSOWRGMI LWAVMVSLAAVWESYGVTPTAVVGHSRKIGE/| AAACVAGG 'DYA[SHGPOVDRLADTIRTDLADLSPGASD- - -AVFYSAVTGARQPTEELDA-DYWF THLIRQ P
Halstoctacosanolide_methyl1-315 VFWFPGOGSOWWVGML  LWAVMYS L AAVWE SWGWVVPAAVVIGHSKIGE[| AAACVAGA 'DYA|SHSAHMER IHDELLEILSGIEPKTSR--- IPLYSTVSAARIDTSRMDA - SYWFDHM|I[RG TN
Amphotericiné_malonyl/1-312 " FLFSGQGSKRLGM{ LFAVEVALYRLVESWGVKPDFWVAGHS|I|GE[I AAAHIAGY 'SHAFHSPLMDPMLDEFRSVAEGLSYSAPA--- | PYVSNLTGTLADPADLCSADYWVRHNMRD AV
Amphotericins_malonyl/1-311 - --FSGOGSKRLGM{ LFAVEVALYRLVESWGVRPDFWVAGHS|I|GE[I AAAHIAGY 'SHAFFHSPLMDLMLDEFRAVAETLSFAAPV--- | PYVSNLTGSLATAEELCSPEYWVRHNMREAN
Amphotericin3_malonyli1-311 --LFSGOGSORLGMI LFAVEVALYRLVSSLGVTPDYVGGHS|I|GE| AAAHVAGY 'SHAFHSPLMDPMLEEFRRVARGLTYHEPR--- | PYWWSHNLTGA|IADPADLC TAD YWVRHVREAY
Herdamycinl_malonyl/1-313 - -LFPGQGARIQTGAL LFALEVALFRLVESWG |EPDVL IGHSMGE[LAAAHAAG| 'SHAFFHSRLMEPMLARFAEVAEGLAYGAPR--- |PVYVSTLTGAVVTDEAMSGASYWVRHARE TV
Tautomycetind_malonyl/l-268 - -LFTGQGARIRVGM! LFAVEAALFAVLRSYGVRPAFLLGHS|IGEWTAAYVAGY 'SHAFFHSALMDPMLAEFARVLESVEFREPR--- | PYVSNLTGYVG- -DELTSPGYWVROMRG T
Herdamycind_malonyl1-317 --LFTGOGGLRPGWE LFALETALYRLVCSLGVRPALVAGHSNGEWVAAAHAAGY 'THAFHSPLMEPWYLREFGRVCAGLSYRPPR- - -VPWVWSTVTGRIAAGTELCSPEYWVSHVRRPY
Oligomycin8_malonylfl-320 - -LFPGQGARRPGMI{ LFALEVALFRLLASWGVVPDYLLGHSMGE[I AAAHAAGA 'SHAFFHSPLMEPMLDEFAELVAGLSFAPPR--- | PVYVSNLTGAVLGADEFADPRYWVRHARHTV
Oligomycind_malonyl/1-331 "FLFTGQGARIRPGM{ TFALGVALFRLLEEWGVRPRLLSGHSNMGELTAAHVSGM 'SHAFFHSPLMDPVVDPLROVAARLTFGPPA--- | PYVSSVTGTLLEPAAWADPAYWARQBREPY
Niddymycinl_malonylf1-312 -LLFTGOQGARQHRGME LFALOTALYRTLTARGTOAHLWVLGHSNGE/I TAAHIAGY 'SHAFHSALMDPMLGAFRDTLNTLMYGQFPPT--- IPLISNLTGO |ADPHHLCTPDYWIDHARHTY
Niddymyecin3_malonylf1-312 " LLFTGQGAQHPGMI LFALQTALYRTLTARGTQAHLVLIGHSMGE|I TAAHIAGY 'SHAFFHSALMDPMLGAFRDTLNTLMNYQPPT---IPLISNLTGQ IADPNHLCTPDYW IDHBRHT
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