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Phylogentic analysis of type I polyketide synthase and nonribosomal
peptide synthetase genes from Mila Mountain in Tibet plateau
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Abstract: The modular polyketide synthase(PKS) and nonribosomal peptide synthetase(NRPS) were found to be
involved in natural product synthesis in many microorganisms. Study on their diversities in natural environment may
provide important ecological insights besides opportunities for antibacterial drugs development. The phylogenetic
analysis of amino acid(AA) sequences indicated that the identified ketosynthase(KS) domains were clustered with those
from diverse bacterial groups, including Cyanobaeteria, Proteobaeteria and some uncultured symbiotic bacteria. The
NRPS included Cyanobaeteria and Proteobaeteria. One new branch belonging to hybrid PKS/NRPS enzyme complexes
and five independent clades were found on the phylogenetic tree. These results revealed the great diversity and novelty
of both PKS and NRPS genes from Mila Mountain in Tibetan Plateau.
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FYNNRERBNNY  MRARERANSE
AMRERREEFHNHENPREREFHNE
HET | ERME RE(PKS)MIERIEEZILE R
(NRPS)AEMIE R AP BRE TR , ATaE
SSHIEMESR , EETREEFNRIELE
MMZHE  SEMERE , —MERENPKSERD
KSEARBERMNE 2T | SPKSE RE R
R, NRPSHABMERINENTERIIF KL
ANEX SRR | KSEHMAFE S RAB=Y
EBRPEER T HRXEBNER .
ERKNILEALRERS RAVHEE +IEE

B ZEZRAASHH PKSFTINRPS EEMRTFY ,

EREIHEI¥H PCR ¥ 18 KS HH A 15 LUAH T #%
K LEATEBEMHRERERBNSHEMY |
N RFAEIREY R RIZEERITRE .

1 MRlERE
1.1 # #

T EASXEARBAX KN LUOMEEK
BEERNEANSATEESR , RERENEGRE
AF10~20cm , BAEH%E , - 20 CKkEREFE . £
HpHERNS.2 , BHRC 119.1 g/kg , &N 5.5 g/kg ,

AN 85.7 mg/kg , £P 1.2 g/kg , B P 10.9 mg/kg ,

2K 25.6 glkg , BMK 93.7 mg/kg .
12 A &
1.2.1 +3Z EDNAKIRIK
SR [11]WE AR EDNA .
1.2.2 PCR¥ 3%
XK FAIPCRY #PKSE R KSiF (5] ¥ ksr :
5'-CGCTCCATGGAYCCSCARCA-3' ; ksf :5-CGCT

CCATGGAY CCSCARCA-3) ' R Rk :95 C 5
min ,94 C 40 s ,65 C 30 s(BNMERBE 1°C) ,72°C

1min 7 MEP 94 °C40s 58°C30s,72°C lmin,

25 NMBEER ; 72°C 10min , 4 'C R¥F . TIEEERK
K, EANGDH . §IENRPSERPAE(S Y
A7R : 5-SASGTCVCCSGTSCGGTAS-3' ; A3F :
5-GCSTA CSYSATSTACACSTCSGG-3)™ & Rk

# :95°C 5min ;94 °C 405,59 'C 30s,72°C I min,
30 MEER ;72°C 10min, 4 °C R¥ . TAEFERK
BK , RGBT

123 & &

IR B A{LPCR=YfE , 0.2 MLEBLEH
XA L pL¥E#EBuffer, 50 ng(1 uL)MIpUG-T , 7
pLE{LIPCRA~= ¥ A1 uL T, DNAIE#EES , 16 C T
EELE . BUEEFYH{CEIDHSaRZ ST |
EX100 mLE (L= ¥IRTEEAMPHI LB R £ (B A B
109, BRHEEMWIS g, NaCl 10 g , ERAE#15~20 ¢,
#Z187K1 000 mL ; Amp£& it &5K E 79100 pug/mL ;pH
7.2~74 ,37 CEBEFRLhG , BIEEFLI2~16h,
PENH EEMES  SREUS R ERAREL pLE
NER , UBEBEASIYT?, SP6#ITPCRY 8
W EBIkDAT , BEMRMRE .

1.2.4  MFEF 5| 5H7

%5 3% 18 B B9 K S35 R AL PR 1 52 B 7 5 B BB
MEkEL60N , R ERER LN RHTFINE . F
BIWBERAFBFIRREIGenBankEE KA
BLASTXTEF# 1T 7SI RRME 2 #7 ,F£GenBank
FPEFZFNEERRUEN - EKSHMASNIER
F5l, #EAZREMegadtIBRE L BH .

2 FERE55R

2.1 PCR ##& PKS £[A KS f#l. FIISHMRERESR
EBHHH
KAREPCREREM T BNEFRYE XF

KEREM . FIEHK 700 bp EANHER , IE

1-A PR~ . BEHLEKER 420 N2fE , REASIY T7

A SP6 BT PCR ¥ , PHMEPER 395 1 . BEHL

BY 40 N TMF , £33 NCBI £ Blastx 3T,

1550 28 NHTHY PKS KS ER RS i FIIEFS

71 GU945660~GU945687 . £ FHILEXY |, /EA 27

N KS ER B A8E 5 B T 15 4 B (Cyanobaeteria) |, o-

N y-Z FZ B (Proteobaeteria) . 15 Z 4B (Chloroflexi).

£L#T & (Bacteroidetes), FE & (Verrucomicrobia)

ML B (Actinobacteria) , BE B L REEWE , WL

M TIER R IEFHE
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18 NPRS 9 A 1518 %) 700 bp A EL ,
EWHEMET4E , B 1B .

A B
A PKSEREKSHE ;B NPRS ER A iF .

1 PCRIEERRE

Fig.1 PCR amplification partly gene (A, PKS KS gene; B, NRPS-A)

| BREAAKE(PKSs | KSEMBERZLR
B ERIAN 2 NEERE  —RKSKEFREEH
A BEE HHE (acyl-CoA’s)E N B IR R IE R 1Y ;5
—RERGRERLEEAIRIN S X, XEFSIE
EOEBEAREEENPKS/INRPSR S , BIRRE
EPKSHINRPSHIEIRE MY M B BEREEBF
JE ¥ N5k 2UAE BI MY PK SEE AR £ 1 R A e
A HHPKS/INRPSRZE EBFNDKD.... VQTACSTS”
HER |, EPTBEIAKSH |, ksx8, ksx11, ksx15,
ksx19, ksx22, ksx27, ksx33 & F 5 B if LAY &5 #9 (3N
2 FIR) .

ZP_0119857 G YLATRVSYKLGLRGPSVS
NP_948678 GTLNDFIATRVAYKLNLKGPAVS

AAGO2357 H FLATTVSHKLGLTGPSYA E

YP 631807 G FLATRVAYHFNLKGPALT

AAF26920 G YLATHVSYRLNLRGPSIS LVAV
ksx8 G HLVTHVSYKLNLKGPSLA LVAV
ksx11 G FLCTRVSYKLDLRGPSIS LVAV
ksx15 T HLCTQVSYRLNLRGPSIV LVAV
ksx19 G FLSTRISYKLNLKGPSIT LVAV
ksx22 G YLTPRVAYKLGLKGPAL! a LVAV
ksx27 T HLCTQVSYRLNLRGPSIV LVAV
ksx33 G FLATRISYALNLRGPSIG LVAV

2 %54 PKSINPRS & EBRF5ILL3T
Fig.2 AA sequence alignment of the patterns for identifieation of
hybrid PKS/NRPS enzyme complexes

ENKSERFINRELXEWNNBIFIR &
HAREDERME REE(PKSs) B R FEH ™= £Th8E.
MM ZSENRRCENHEEREK , HH Nostoc
sp.. Oscillatoriasp . FAIBE Y PKS . FEAHZE
B | ksx8. ksx11 5 Nostoc sp.ABIVER S , ML
7 BliK 64%H 59% , BF KS LHEE MR ERT
R SRS .

2.2 NRPSEREABRZA B D

REHLHER 40 NN |, §F) 32 N NRPS A
HERFE , FHEFS GUI5688~GUIL5704,
GU983613~GU983628 £33 NCBI L#Y Blastx tb3T
SR SFFIRMELEIMEIR 47%~67% , TEETER
Bl (e B-v y-. O-4 ThERE), BARIIEFE 4) .

EALHERYESEMNRAEARR 8 MR
RO FFIE : ALAS(AI, LKAGXAYVPID ; A2,
LAYXXYTS GTTGxP KG ; A3 , FDxS ; A4 ,
NXYGPTE ; A5 , GELXLXGXGLARGYW ; A6 ,
YKTGDQ A7 GRxDxQVKIRGx A8 NGKIDR) Ff
BFHNZEDEE 1 MOFS 8 nxzd2 EHA2,
A3, A4 ZRFFF) NRPS A E R SRR |
BEROKALLE A T IEMAE Y A SR EHER
HEESERG™ .

3 it it

PKSHINRPSE R % F KS/IAL M E N R
WOMBRREREMOEE , A THREERT
RERBP=YHEXERSHEMRETERNA
X . AFRP , XRAEHSIYHNEEPCRE E |
By HFER R PHPKS KSERFINRPS A
HEA .  EHEPKSHINRPSER N ENERM L | B
HER I 2 =mENF |, BEI27MNHPKS KSEE
SIF16%XNPRSAERHFS] A MEXNERXRE , 5
NCBI#GeneBankEM FFIMELMETRS ,EEEEF
REM . FRISVUNERKLTEAS. &
BZ2HEMHNRR , ESSAB K LER T EME
VMEEFXEMNZHY , PKSHINRPSER K ZHM
X ABRKMLUEA L EMEMEREAKEL
HEFEHXR
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Fig.3 Phylogenetic analysis of biosynthetic ketosynthase regions with respect to a diverse range of ketosynthase domains
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Fig.4 Phylogenetic analysis of biosynthetic ketosynthase regions with respect to a diverse range of NRPS gene A domains
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EEp

(1]

(2]

3]

[4]

[5]

(6]

(7]

(8]

(9]

Amann R |, Ludwig W , Schleifer K H . Phylogenetic
identification and in situ detection of individual microbial
cells without cultivation[J] .Microbiol Rev ,1995 ,59(1) :
143-169 .

XmKE , Bizk , HBF , F . REXLEWEDSE
RERZFSHYIIED] . EWEARER , 2008 ,4(1) :
30-33 .

WE e RERAXERRRESRECEY] &
& , 2006 , 28(10) : 1330-1336 .

Watve M G, Tickoo R, Jog M M, et al . How many
antibiotics are produced by the genus Streptomyces
[J] . Arch Microbiol , 2001 , 176(5) : 386-390 .
Gillespie D E Brady S F ,Bettermann AD et al .Isolation
of antibiotics turbomycin A and B from a metagenomic
library of soil microbial DNA[J] . Appl
Microbiol , 2002 , 68(9) : 4301-4306 .
Courtois S ,Cappellano CM ,Ball M , et al .Recombinant
environmental libraries provide access to microbial

Environ

diversity for drug discovery from natural products
[J] . Appl Environ Microbiol , 2003 , 69(1) : 49-55 .
Beja O , Suzuki M T , Koonin E , et al . Construction and
analysis of bacterial artificial chromosome libraries from a
marine microbial assemblage[J] . Environmental Microbiol ,
2000, 2(5) : 516-529 .

Cane D E, Walsh C T . The parallel and convergent
universes of polyketide synthases and nonribosomal
peptide synthetases[J] .Chem Biol ,1999 6(12) :319-325 .
Schwarzer D , Marahiel M A . Multimodular biocatalysts
for natural product assembly[J] . Naturwissenschaften

[10]

[11]

[12]

[13]

[14]

[15]

[16]

2001 , 88(3) : 93-101 .

Stachelhaus T , Mootz H D , Marahiel M A . The
specificity conferring code of adenylation domains in
nonribosomal peptide synthetases[J] . Chem Biol ,
1999 , 6(8) : 493-505 .

PR, BEH , BIAK  F . BRRKNLUSEESR
TIEMAEY DNA REUREERYE Fosmid XEFEHE
[] . BASREYHIR , 2009 , 15(6) : 824-829 .

Ginolhac A, Jarrin C, Gillet B, et al . Phylogenetie
analysis of polyketide synthase domains from soil
metagenomie libraries allows selection of promising
clones[J] . APPI Environ Mierobiol , 2004 , 70(9) :
5522-5527 .

Ayuso-Sacido A ,Genilloud O .New PCR primers for the
screening of NRPS and PKS-lI systems in Actino-
mycetes : detection and distribution of these biosynthetic
gene sequences in major taxonomic groups[J] . Micro-
bial Ecology , 2005 , 49(1) : 10-24 .

Moffitt M C , Neilan B A . Evolutionary affiliations
within the superfamily of ketosynthases reflect complex
pathway associations[J] . J Mol Evol , 2003 , 56(4) :
446-457 .

Staehelhaus T , Mootz H D , Marahiel M A . The
specifieity-eonferring code of adenylation domains in
nonribosomal peptide synthetases[J] . Chem Biol ,
1999 , 6(8) : 493-505 .

Alexander Siegll , Ute Hentschel . PKS and NRPS gene
clusters from microbial symbiont cells of marine
sponges by whole genome amplification[J] . Environ-
mental Microbiology Reports , 2009 , 2(4) : 1-5 .

WAERE: FEHK
EL G P ARF



	2.1  PCR扩增PKS基因KS域、序列分析及系统发育分析

