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Abstract: For rational design of novel polyketides and improving the combinatorial biosynthesis of poly-

ketides. 26 B-ketoacyl-ACP synthases from several polyketide synthases were analysed with ClustalW |

MEGAA4.0. The primary parameters, secondary, tertiary structures and active sites of nine of them with dif-
ferent substrate specificity were compared or predicted in detail using ProtParam, Phdsec, Swiss-Model. The
results revealed that they have more similarity in structure than in sequence and all own a high percentage of
serine in their active sites; in addition, the f-ketoacyl-ACP synthases whose substrates possess two carboxyl
groups were found to have a theoretical pl less than 5.0, and their formal charges sum were on the low side
too; the conserved sequence of the 26 B-ketoacyl-ACP synthases is V>’ ELHGTGTPLGDPIEAGA*®, but it
is away from the active site. These conclusions have promising potential for module or domain substitution
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and site-specific mutation of polyketide synthases; also providing a reference for the study of their evolution

mechanism.
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Table 1 Comparison of the primary parameters of the nine p-ketoacyl-ACP synthases

TE A re iy

gmiay  memrns B BUEER Cmpn ag0 A i et
Polyketide Protein ID Module fulf ?::;h pl Glu Lys Substrate char(;rer;lzum
Erythromycin AAQ94247.1 5 416 4.61 53 34 Methyl-malonate -19
Megalomicin BAA76543.1 1 426 5.43 46 34 Propionate -12
Myxothiazol AAF19810.1 1 424 5.91 44 38 3-me-butyrate -6
Ascomycin AAF86396.1 7 421 4.81 47 27 O-me-malonate -20
Soraphen AAAT9984.2 7 428 5.22 51 34 Glycerate -17
Ascomycin AAF86393.1 4 416 4.90 46 27 Ethyl-malonate -19
Oleandomycin CAG14965.1 1 417 5.19 46 34 Acerate -12
Erythromycin AAQ94246.1 1 426 5.22 47 34 Propionate -13
Soraphen AAK19883.1 1 425 5.34 48 36 Benzoate -12
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Fig. 1 The carboxylic acid form of some of the substrates

A B

B2 B-EABt-ACP SEg = 4ELEHGRY T B LB
Fig. 2 Prediction and comparison of the tertiary structures of p-ketoacyl-ACP synthases
H: A: Ascom07 (¥9) + Ery05 (#%i#%); B: Ery05 (#%#%) + EryLD (#); C: MegalLD (4I) + EryLD (i#); D: OleanLD (4§) + Ascom07 (i%); E:
MyxalamideLD (F9) + Ascom07 (i%); F: EryLD (i) + SoraLD (#34L). H ik Fr$s i & 6 X MR 26 Fi B-FREE-ACP & B AR <7 F 5 Bt
XoF IO 14 DXl 6 37 Sk T 1) 4 €8 DR R TG M7 s X I 1 DXtk 8 3R PKS AR 7 Py B-BRE-ACP & B 15 0 Ascom07. A
Note: A: Ascom07 (yellow) + Ery05 (cambridge blue); B: Ery05 (cambridge blue) + EryLD (blue); C: MegalLD (red) + EryLD (blue); D:
OleanLD (green) + Ascom07 (yellow); E: MyxalamideLD (white) + Ascom07 (yellow); F: EryLD (blue) + SoraLD (pink). The white arrow

indicates regions corresponding to the conserved sequences in 26 B-ketoacyl-ACP synthases; while red arrow represents the active sites which
are both in purple. B-ketoacyl-ACP synthases in Ascomycin PKS module07 is abbreviated to Ascom07. The same as follows.
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PEAR ] g EA AN ] 1 21k S ms
2.3 ZEREEMIEY R

AP 0T 2 R ) TN S R A R O R T
M5 — . SR 9 B B-FME-ACP AT 5 LA 1R
KRES, HAKIIRY WS AN, HIFE 2 7TEH
AV o 12H5E . B P& 4k A IG5 ih 5 H 4
MR HAR R T . X AR AT BESE P o B AT Ak 1 2 ()
— 2RI I, HHp S Y Soraphen PKS A3 7 w1
) B-FifE-ACP A EHE M o WRGES i, M1
$EFZR PKS Bl 7 iy B-FRE-ACP & B IE B A TG
FROU A i B i e o (HOX BB/ INAY 25 S AN I 1 S
BAARRIEY) & — R R

Saccharopolyspora spinosa Spinosad 02 (AAG23265.1)
Saccharopolyspora spinosa Spinosad 04 (AAG23266.1)
Saccharopolyspora spinosa Spinosad LD (AAG23264.1)
Saccharopolyspora spinosa Spinosad 03 (AAG23266.1)
Saccharopolyspora spinosa Spinosad 09 (AAG23262.1)
Saccharopolyspora spinosa Spinosad 08 (AAG23262.1)
Streptomyces avermitilis Avermectin LD (BAC68652.1)

Streptomyces antibioticus Oleandomycin LD (CAG14965.1)

cennuein N0 A ATQLN04 1)
ASCOITYTIil U7 (AAT'OVS70.1)

Streptomyces hygroscopicus Ascomycin 05 (AAF86395.1)

Streptomyces hygroscopicus Ascomycin 08 (AAF86396.1)
Streptomyces hygroscopicus Ascomycin 07 (AAF86396.1)
Streptomyces hygroscopicus Ascomycin 04 (AAF86393.1)
Streptomyces fradiae Tylactone 06 (AAB66507.1)
Streptomyces fradiae Tylactone 05 (AAB66506.1)
Streptomyces caelestis Niddamycin 05 (AAC46026.1)
Streptomyces caelestis Niddamycin 06 (AAC46027.1)
Sorangium cellulosum Soraphen 07 (AAA79984.2)
Sorangium cellulosum Soraphen 08 (AAA79984.2)

Ervthromycin LD (AAQ94246 1)

1yCill L \ Q754401

Micromonospora griseorubida Megalomicin LD (BAA76543.1)

Qaranhan N2 FAATT10QQ72 1)

Sorangiuin cellulosuin Soraphen 03 (AAK19883.1)
Sorangium cellulosum Soraphen 04 (AAA79984.2)
Myxococcus fulvus Myxothiazol LD (AAF19810.1)
Cystobacter fuscus Myxalamide LD (ABA29781.1)
Sorangium cellulosum Soraphen LD (AAK19883.1)

B3 26 B-EAEL-ACP &Es L 55 R 4 M
Fig. 3 Phylogenetic tree of full length sequences of the 26 p-ketoacyl-ACP synthases

T MR E BT 38 Bootstrap B E M AR 1 AT 15
Hi 5t - ACP & il BT (E RS, 455 N J& GenBank %555

. LR ILHIR IR LR 8. HEIKUCR sk A PR, Hoa i RE 59, p-

Note: The number at each branch points is percentage supported by Bootstrap. The scale bar indicates the genetic distance. The strain name,
polyketide produced by it, the module the B-ketoacyl-ACP synthase belongs to, GenBank accession number is followed in turn.
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B4 5 FE PKS RBIER p-IE-ACP SEEMEW
Fig. 4 Side face of p-ketoacyl-ACP synthase in Erythromy-
cin PKS loading module

R2 97 p-EAEE-ACP &g — 2% 44 T

Table 2 Prediction of the secondary structures of the 9
p-ketoacyl-ACP synthases

wway g OB BUEER AN
%Ié’flliy{ki?i dq? l\/%) djile Alpha Extended Random coil

helix (%) strand (%) (%)
Erythromycin 5 25.96 19.95 54.09
Megalomicin 1 26.76 20.19 53.05
Myxothiazol 1 31.13 18.87 50.00
Ascomycin 7 23.28 17.34 59.38
Soraphen 7 36.45 13.79 49.77
Ascomycin 4 35.10 17.07 47.84
Oleandomycin 1 28.78 19.66 51.56
Erythromycin 1 26.29 16.67 57.04
Soraphen 1 27.53 18.82 53.65

x3 BEMELSAEFT

Table 3 Sequences of the active sites

REL S [ E5X M 5 B 7 )
Polyketide Module Sequence of the active site
Bybromycin 5y o o
Megalomicin 1 Alacgficlz}S/::SerSerV atl_-Valz"ﬁ
Mool 1 SN
Ascomycin 7 B} A1ac3(,}clgle5:s-c;réér§]a-ﬂ-Leu”5

Somphen 7o e
Ascomycin & -AlaC}(/}cz:S_e_réérYa-‘l-_Leu‘75
Oleandomycin 1 i Alac}(;}cz:s-e;réérY?l-Leu“’g
Erythromycin 1 -Alac}(z}clgleﬁr“s-e-réi;-]a-l-Valls‘)
Soraphen 1 Gy el

-AlaCycSerSerAla - - -Ile'”®

http://journals.im.ac.cn/wswxtbcn
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i R, WIS BB AE B SE R 1, AR BT X TR
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B-HAME-ACP &) =4EL5H(A-F 19 SD {43514
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