CHAPTER Il

RESULTS

Screening of Polyketide Cytochrome F ydroxylase Gene

Dot blot hybridization of nomic DNA samples using a picK
gene probe showed a variet i WM of hybridization signals of the

samples was at least one fold hi ‘.\\\ \ nterpreted to a positive result.
The positive and negative r e . nthe le shown in Figure 9 and 10.

S. rimosus (-), S. hygroscopi !,\ (-), SMC 4 (-), SMC 5 (-),

SMC 6 (-), SMC 7 (-), SMC 8 (-), SMC 13 (-), SMC 14 (-),
SMC 15 (-), SMC 16 (+), SMC +) SMC 20 (-), SMC 21(-), SMC 24
(+), SMC 25 (-), SMC 26 (-), SMG27 SMC 28 (=5 C 29 (+), SMC 30 (+), SMC 31 (+),

SMC 32 (-), SMC 33 (- ) SMC 35 (- ) :-= 37 (=), SMC 38 (+), SMC 39 (-), SMC 40
. is'(-), SMC 46 (-), SMC 47(-),

(+), SMC 41(-), SMC 42 \ _
SMC 49 (-), SMC 50 (+ * MC 51 (-), SMC 62 (+), :'J (-), SMC 56 (+),
SMC 57 (-), SMC 58 (-), S@ 59 (+), SN ,SMC61 (-), S@ 62 (-), SMC 63 (-), SMC 64

-), SMC 65 (-), Sﬁj%() SME67 (-), SMC 68 (-J.8MC 69 (-), SMC 70 (-), SMC 71 (-), SMC 72

(), SMC73(-), S uﬂf\a n&msmg(’]ﬁﬁ() SMC 80 (-), SMC

81(-), SMC 8 coerulescens (+), SMC 83 (), S. ros@eviolaceus (+), SMC 84(-), SMC 85
a R A
94 (<), SMC 95 (-); SMC 96 (-), S. flavoviridiis (+), SMC 22 (+), SMC 23 (+), SMC 11 (+), SMC 89

(+), S. lividans (+), SMC 78 (+) and SMC 48 (+).
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Isolation of Putative Polyketide Cytochrome P-450 Gene From Streptomyces

Genomic DNA

Twenty positively samples (intensity of hybridization signals is 3-4 fold) were selected to

identify the polyketide P-450 gene using the PCR. The annealing temperature (Ta) for samples

SMC 29, SMC 40, SMC 86, SMC 89, ‘ ‘ oerulescens and S. roseoviolaceus was 62

°c:8 hygroscopicus and SMC 78 was 65 . MC 48, SMC 59, S. lividans and

escens, S.roseoviolaceus, SMC 86

: 11 and 12).

Identification of Polyketid ne P-45( droxylase Gene

The PCR products of SMC 48;SMC 59 2 ‘were cloned in pCR®4-TOPO vector
(4000 bp) and transformed into _,I; E!€ 07 el mbis ant clones were screened and
identified by miniprep g solation-and plasmid digestiony v EcoRl. The right
recombinant clones showe: 4 !ﬁ' and 800 bp. Screening of
recombinant clones was shc.wvn in Figure 13, 14 and 15. DNA sequences of putative polyketide

P-450 genes of ﬁ%ﬁs&&a%ﬁﬂ Waﬁﬂcﬂ ﬁre shown in Figure 20,

27 and 34, respeaavely

ammmm UAIINAY
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 14
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Figure 11. Agarose gelelectrophoresis of PCR:[:;ré)_d—LJ—cts 0f SMG12, SMC 24,

S. hygroscopicus, SMQ. 30, SMC 89, SMC 78, SMC 23, S. lividans, SMC 23, SMC 48, SMC 40
and SMC 11.

Lane M : Gene rules " 1 kb ta@ider, lane 1 : negative contral, lane 2 : positive control, lane 3 :
SMC 12, iane 4 :"SMC24 ane 5': 8. hygroscopicus,'lane-s". SMC 30,%ane 7 : SMC 59, lane 8 :
SMC 78lang 94 SMC.22, lane.10..Slividans, lane A1 SMC 23.lane.12..SMC 48, lane 13 :

SMC 40, and lane 14" SMC 11. The arrow indicates the desired band.
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M 12 3 4 5 6 7 8 9 10

Figure 12. Agarose gel electrophgresis of PCRproducts of SMC 74, S. flavoviridis, SMC 29,
SMC 89, S. coerulesSCens -S—roseovitiaceus—oNME-86-ant-oic. 91

Lane M : Gene ruler’” 1 KB Ladder, lane 1 : negative control, lane 2 : SMC 74, lane 3 : S.
flavoviridis, lane 4 : SMC 29,dane 5 : SMC 89, lane 6 : S. coerulescens, lane 7 : S.

roseoviolaceus, lane 8 ASMC 861and lapel9 ' SMC 91, ang lane 10 { pasitive control. The arrow

indicates the desired band.
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Figure 13. Agarose g
Lane M : Gene ruler™ 1 kb Ladder, lane 1 : uncut SMC 48 cloha, lane 2 : EcoRlI digested SMC
48 clone1, lane 84 uncut SMC'48 clone2 and lafte, 44 EcoRI digested"SMC 48 clone2. The

arrow indicates thefinsert fragment.



34

ol -"J
# . :“.;:," !'
¥ i
poorzs N
i e . :':{';‘::-II—“ )
A\ £
Figure 14. Agarose geﬁe%eeﬁeﬁhefe&s—ef—ﬁhasﬂ%é—ose%a{eé—#eﬁ Jrfecombinant clone SMC 59.
- o

Lane M : Gene ruler™ 1 kb Ladder, lane 1 : uncut SMC 59 clofie 1, lane 2 : EcoRl digested

St -

SMC 59 clone 1, lane 3 : uneut. SMC 59 clone 2, lane 4 : EcoRI digested SMC 59 clone 2, lane
5 :uncut SMC 59¢lohe 3;1ane6 : EcoRl digested SMC 89iclone 3, lane 7 : uncut SMC 59

clone 4 and lane 8 : EcoRI digested SM@ 59 clone 4. The. arrow indicatesithe insert fragment.
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Figure 15. Agaresesgel electrephoresis ofsplasmidsisalated from-recembinant clone SMC 78.
Lane M : Gene ruler " 1 kb Ladder, lané 1 is uncut SMC 78, lane 2'is EcoRI digested SMC 78,

lane M #GefiEfuley 4 kig)Latider: Tive ariow ifdicatesthe inSeft fragment.
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Sequence Analysis of Putative Cytochrome P-450 Genes
To predict their biological function of the isolated genes, the nucleotide sequences and
their deduced amino acid sequences of SMC 48, SMC 59 and SMC 78 were used as a query

for the BLAST search. Results from BLASTN, TBLASTX and BLASTP of our sequences showed

the sequence similarity to those polyketid f Streptomyces species as shown in Figure
16-18, 23-25, 30-32. The DNA s ‘ high homology to cyp7, a putative
cytochrome P-450 of Strepto i woowzn (45% identity) as

shown in Figure 21. Similarl 3 SMC 59-and SMC 78 showed high similarity

Analysis of amino ac : uta SMC 48 , SMC 59 and SMC 78
revealed the significant motifs Yo G ‘i n-binding and heme-binding
region). The oxygen-binding do s-—-- £ d sequences SMC 48 were TGHET
and SMC 59 was AGYET, and SMC. ; e heme-binding domain of translated
amino acid sequences .SMC YGVHLCIG 59 and SMC 78 was

Vi re 21, 28 and 35

FGIGVHHCIG. The putative -Fig
respectively.

Secondaﬁ «u;ﬁ ﬂ%ﬂﬂ?ﬂmrﬁ ?MC 48, SMC 59 and

SMC 78 were preﬁted and aligned to those of the hlghest homologous EryF P-450 sequence

g LA TR X LR (oM

samples was similar to the topology of EryF from Saccharopolyspora erythraea (GenBank No.

M54983).

To demonstrate the relationship of our unknown DNA sequences to other P-450s, phylogenetic
trees were constructed using a maximum parsimony algorithm as shown in Figure 37 and 38.

The trees implied that nucleotide and amino acid sequences of SMC 48 was closely related to
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P-450s of Streptomyces griseus (GenBank No. X63601), of Streptomyces carbophilus
(responsible for production of pravastatin) (GenBank No. D30815), of Streptomyces griseolus
(responsible in herbicide monooxygenase systems) (GenBank No. M32238) and of
Streptomyces diastaticus (responsible for macrolides rimocidin and CE-108 biosynthesis)
(GenBank No. AY442225). Phylogenetic relationship of the sequence of SMC 59 and SMC 78

exhibited that they were claded in the grol p of P#450 involved in tylosin-biosynthetic regulatory

gene cluster isolated from Streg -adiae EenBank No. AF145049).

AULINENINYINg
RINNINUNINGIAY



Figure 16. Result from Basic Local alignment Search for nucleotide similarity to nucleotide sequence of SMC 48
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Sequences producing significant alignments: n ﬂ
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ai 068|gb | 1 : _ e gene, partial cds ﬂlﬂ

Qil11993518|gblAF3068 plete cds; a c:x:oi:,a

Qil281925931gbIAY179507.1| lgehamycin g%mma o7
gene cluster, partial sequence u

s

Score E
(bits) Value
90 7e-15
62 2e-06
60 7e-06
54  4e-04
54  4e-04
54  4e-04
54 4e-04
52 0.002
52 0.002
50 0.006
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Figure 17. Result from Basic Local alignment Search for translated amino acid similarity to translated amino acid sequence of
SMC 48

n — Score E
Sequences producing significant alignments: ﬂ (bits) ~ Value

me, sect o] 204 4e-863

_:-m Amccﬂ m:mm ooﬂ oam Awmn?qmw
sca-2, oo% oamﬂ hld 126 5e-64 4

ASU) hrom 3 in-1 Amcﬂmm complete cds 122 9e-625
qi dbilAPO050 v / g ! Somple e, mmygo w 104 8e-614
qil8 ab|AF2639: H / . PEpISTYCcds noarsei AT stal mm:mamooau_ﬁncm:om 130 1e-603
) nt329 ) e m 104 2e-59 4

ive w |

. , ! . Sonsah“_NWn@o oxidoreductase,
2 genes, Comg and c:xaF n genes ﬂ

104 2059 4
yce8 coelicolor A3(2) complete genoms sgment 29 o 148 4e-58 4

qil5420037/emb|Y18574.1|STE18574 Streptomyces tendae strain Tue901, nikA, nikB, nikC, nikD, u (o
nikE, nikF and nikG genes, partial [Cg 108 1e-57 3



Figure 18. Result from Basic Local alignment Search for protein similarity to translated amino acid sequence of SMC 48

ol

Sequences producing significant alignments: Ua
i129828153|ref|[NP 787.1

putative cytochrome P450 [Streptomyces avermitilis MA-4680] Q o A
Cytochrome P450-SU2 (P450-CVB1) (CYP105B1) i — o

450 [Streptomyces avermiti s A m
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Figure 19. Pairwise alignment of nucleotide sequence of SMC 48 and P-450 from S.avermitilis

(AP005027)
SMC 48  mmmmmmmmmmmmmmmm e e e ememmmmmmmmmm—me———o————oo-
AP005027 ATGGCCGATGCCCTGGCGGGCCGCGCGCCCGACGCCACCCCGCCGGTCGCCGCGTACCCG
SMC 48  mmmmmmmmmmmmem B oo o-e- -
AP005027 'CCGCCGCCCGCCCTGCAACCGTTGCGCGAC
SMC 48 o mmeceeee--am L L A
AP005027 GCACGCCCTGGCTCATCACCCGC
—
SMC 48  cecmcce-—ow B = i S SR S
AP005027 “of ! AGCAACGACGACCGCGATCCC
SMC 48 = =---- 2 S A N e - - - - - - - -
AP005027 : 3 SEGEACEC CGGAG] kﬁ\\FACGCGACCCCGAGGCTCATC
“‘ F 7.

SMC 48 3 =cecea--a 4 - . CTGGT-GACGGCGCCCTTCGC
AP005027 AAC ( CTGCGCCGBGACGGTCAACG-CACCTTTCCT

4 & ** %* %k *hkk Kk kk  kokk
SMC 48 GTCCAGAAGATCGTCGATGACCTGATCG
AP005027 3 AGCGGATCGTCGACGGTCTGATCG
* ok ok ok kK * | Yo, e & 8 8 * % dhkdkkkkkhkk K ok ok ok ok ok k
SMC 48 ACGCGATGCTCGCC""” AGC.C C 'GGTTGAGGCGTTCGCGCTGCCGGTCC
AP005027 ACGACATGCTG _‘ AACCCGG! JCTCACCGCGCTCGCGCTGCCCGTGC
*kok ,: ek K KAk khk KAkkhkhkkhkhh Kk ok

e — |

sMC 48 CCAGECFGGTCATCTGCL SACGACCACGACCTCTTCCAGE
AP005027 CGTCCCFEGTCE GCGGACCACGAGTTCTTCCAGC
* * % % % % d ok . *  kok ok % Kk ok ok ok ok ok ok %k ok ok ok ok ok ok ok
SMC 48 GCAACACC TCGCCGTCCGCCGCACCTCGA--CAGCGGAGGAGGTGGTCGCGGCCAT
AP005027 C T-G! CGACA- CCGTTCCGGCCGAGGAGGCGCGGGCGGCGA-
* % kkkkk Kk
SMC 48 AGA CGCTCACCGACTACCTGGACGAC ACCGT CGCCCGGCCCGGGG
AP005027 GGGGCCCTCGCCGCCTA?CTCGACACCCTGE;EGCGGAGAAGACCG C GCCCCCGAC

* * %k * Khkk k
SMC 48 q W’la i&imwcacm&%@gm@@

AP005027 q GCGGACGTGCTGTCCGAGATGGGCGGCCGGATCAAG--GCC---GGCGAGATGACGCA
*k hkk khkkk hkk*k *kk Kk *hkkk * * ok ok khkhkhkhkhkhkhkhkhkhkhkhkdx *
SMC 48 GCCAGGCCGCCGAGAACGGGTGT -GCTGCTGCTGGCCACGGGCCACGAGACCACCGCGAA
AP005027 GCGAGGCTGTCCACA - TGGGCGTCGCCA -TGCTCATCGCCGGACACGAGACCACCGCGAC
*hk khkkk * Kk Kk Kk dhkk kk k¥ % %k ok * k kk kokokokodkokok ok ok okok ok ok kok ok
SMC 48 CATGATC-GCGCTCGGCACCCTCGCCCTGCTGCGGA -ACCCGGACCAGCTCGCTCTGCCC
AP005027 GATGATCAGC-CTCGGCACCCTCGCCCTGCT - CGAACACCCGGAGCAGCTGGCCGTGCTG

Kkhkhkkk Kk Kk kkkkkhkkhkhhkkkhhkhkkd *k * khkhkhkhkkk hhkkkk *k * ok ok



SMC 48
AP005027

SMC 48
AP005027

SMC 48
AP005027

SMC 48
AP005027

SMC 48
AP005027

SMC 48
AP005027

SMC 48
AP005027

SMC 48
AP005027

CGCGACACCGAGGACCCCAAGGTGGTCGCCGGAGCCGTGGAGGAACTGCTGCGCTACCTG
CGGGACGCCGAGGACCCGAAGGTGATCGCGGCCGCGGTGGAGGAACTGCTGCGCTATCTG

*k khkk hkkhkkkkhkkk hkkhkokk Kkkhkk * dk Kkkkkkkhkkkkkkhkhkhkhkkhk kkk

AACATCACCCACTCCGGGCG- CCGCCGCGTGGCGCT - -GGCGGACATCGAGGTCGGCGGL
ACCATCGTCCACTCCGG-CATCCGCCGGGT - - CGCCAAGGAGGACATCGAGATCGGCGAC

* kkkk khkkhkkkdkdkk * dkkkkk kk *kk dk kkkkkkkhkkk khkkkkk ok

GAGGTCATCCGCGCCGGCGAC TCATCTTCG- CCAACGAGATCGCCAACCGGGACCC
CGGGTCATCGGCGCC CGGLC I[CTGTTCGATCTGC-ACGCCGCGAACTGGGACTC

* o kkk kkk khkkkk *

dhkhkkkkk khkkkk

CCCGTGACGCCCGCCGCCACGTCGC
\GCCGTCCCGCCCGCCACCACCAGGC

* % khkkkhkkkk hkkok * *

GCTGGCCCGGCTGGAGCTCCAGGT

\\\
_____ NN ——
\\ CCGCCCCGATCGACCG

!* T?\ CTGTCTGCCCGTCACCTGGTG

ﬂuﬁl?ﬂﬂﬂﬁwmﬂ‘i

QWWﬁﬁﬂ‘iflJﬂmﬂﬂEﬂﬁEl
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Figure 20. DNA sequence of putative macrolide P-450 from SMC 48 and its translated amino
acid sequence
10 20 30 40 50 60

GGCCGGCTGCGCAGGCTGGTGACGGCGCCCTTCGCGATCAAGAAGGTGGAGGCGCTTCGG
G R L R R L VT AUPVFATIIKI KV EATLR

: 70 80 90 . 110 120
CCGTCGGTCCAGAAGATCGTCGATGACCTGATCEACGCSAICCTCGCCGGGCCGAAGCCG
P SV QK TI VDD ' A G P K P

180

190
G V P Y E D H
250 260 300

ACCTCGACAGCGGAGGAGG ale | A \ CCGACTACCTGGACGAC
T S T A E E V V [ \ L D D

310 320 360
CTCCTGACCGTCAAGCGCGCCC 'GGCCACGGAG
L L T vV K R A R P A T E

370 380 ; 410 420
CGGGTGGCCAAGGGCGAGATGACGCAGC! Pu GG ’_ 5CG GGGTGTGCTGCTGCTG
R V A K G E M. T QuR=0=A. V L L L

430 480
GCCACGGGCCACGAGAC { CTGCGG
A T G H E T T m; L R

490 500 510 520 530 540

AACCCGGACCAGCTCGCTCTGC 7@GACACCGAGGA@CAAGGTGGTCGCCGGAGCC

nr e rARYIYENINENT,,,

550
GTGGAGGAACTGCTGﬂ?CTACCTGAACATCACQCACTCCGGGCG%GCCGCGTGGCGC

RN AN R Y

GCGGACAT AGGTCGGCGGCGAGGTCATCCGCGCCGGCGACGGCGTCATCTTCGCCAAC
E V.G G E V I RAGDGUV I F AN

670 680 690 700 710 720
GAGATCGCCAACCGGGACCCGGAAGCCTTCTCCGACCCCGACCGGCTCGACATCACCCGT
E I A N R D P EAF S D P DI RTULUDTITR

730 740 750 760 770
GACGCCCGCCGCCACGTCGCCTTCGGCTACGGCGTGCACCTCTGCATCGGCG
D A RRHUVAF G Y GV HTILTCTIG®G
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Figure 20. Pairwise alignment between translated amino acid sequences of SMC 48 and P-
450 from S. avermitilis (AP005027). Block indicated the oxygen-binding and heme-binding motif

of P-450. Consensus of amino acids is represented by asterisk (*)

SMC 48 = -----o- - T - - o - = 3 R - -~ - - - - === ==—=---- -
AP005027 : SC“RDEQPITKVRIWNGSTPWLITR

SMC 48 = mee-e--- o e - - GRLRRLVTAPFA
AP005027 3 o DAPEHTRLRRTVNAPFL
*kkk Kk % % % %k
SMC 48 LPVPSLVICELLGVPYEDHDLFQR
AP005027 LVIAQLLGVPYADHEFFQR
*® ***_:****i* **::***
SMC 48 PGDDLLSVLATERVAKGEMTQRQA
AP005027 NSNLVLDNSVE DVLSEMG-GRIKAGEMTHREA
L it .3 Bekw @, kg ekkbokow
oxygen-bindi \
SMC 48 AETGVLLLA ) >TLA ALPRDTEDPKVVAGAVEELLRYLNITH
AP005027 VHMGVAML A GTLAL QLAVLRDAEDPKVIAAAVEELLRYLTIVH
L okk Lk kk. kkokkkhkk ook hkkkkkkkk Kk *
L Heme-binding domain
SMC 48 RR VIFANETANRDPEAFSOPDRLDI TRDARRHVAFGYGV
AP005027 RLDLSRPARHHQMNFGYGP
4 e T * % *
SMC 48 B T

AP005p27
HQCLG! SLI‘L&QWYGTLYRRFPTMAPIDRLAFHHTGTTYGVRCLPVTW

B INENINEINTG

U

AN TUNM NN Y
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Figure 22. Multiple sequence alignment of predicted secondary structures of putative P-450 of

SMC 48, P-450 from S. avermitilis (AP005027) and P-450eryF from S. erythraea (M54983)

A helix 1 sheet

SMC 48
AP005027
M54983
M54983_known

SMC 48
AP005027
M54983 - -HEEE - -HH
M54983_known EEEEEEHHHHHHHEEHI

SMC 48
AP005027
M54983
M54983_known

SMC 48 ---EEEE---
AP005027 - -HHHHEH-

M54983 --HEEEEHH-
M54983_known HHHHHHHHHH

SMC 48
AP005027
M54983
M54983_known

SMC 48
AP005027
M54983
M54983_known

48 . L om——rammmmEas HHHHHBH--——ﬂg EE
AP005027 -=-
M54983 -4-4--

M54983_kno B e B

8 sheet
SMC 48 = mmemmmmmmmm—emfemmode--o--o-o-
AP005027 HE------ E-EE-}----4---=-------
M54983 HHHHHH-E-----}--=-=-4---------~-
M54983 known = ---s-Ssoessss EEEEE{----------




Figure 23. Result from Basic Local alignment Search for nucleotide similarity to nucleotide sequence of SMC 59

ol

Sequences producing significant alignments: a
Qil22477115|gb|AF293355.2| Streptomyces collinus DSM2012 rubrinomycin gene cluster, okﬂ@m sequence

=quence

Witilis g _ 30

et
:.._,.._E. .....4 , . o m
A3(2) completi segment ﬁmo ﬂ

fe genome, secti 6/30 a
«F C

Streptomyces avermitilis genomic DNA,

N

‘o
es venezuelae cytochrome P4 INAOXYE .:mmmﬂ oo:m,.g_mpm cds

Score
(bits)
60
58

50

50
48
46

42
42
42

E
Value
7e-06
3e-05

0.006

0.006
0.025
0.10

0.40
1.6
1.6
1.6
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Figure 24. Result from Basic Local alignment Search for translated amino acid similarity to translated amino acid sequence of

SMC 59

Sequences producing significant alignments:

yces coelicolor A3(2) comp!

ai ) , lae tylosin-biosy: { atory gen

. ; STl hel pla ) plete se AA =
ai f 7 oo , > genom .o:m\w‘

i RO79139 " Gffe s ,mmm% ﬁ

Qi|3746883|gblAF087022. 11, ( epIoMyCces: v elae chrome P .ox<@m:ﬁ.ﬁ§@ﬁoau_maoam

qil2960 bi ’ . / genomic b .m:oamgsgm
i Srmitilis Q& _ omaoaﬁ. n 1/304

i ik ' ! ; oBu_mﬁﬂnNHﬂv qﬂ
sne o ﬂ
| e ge oam.ﬂ:&\wﬁ

= o
T
=

Cad

~mroo3ﬂmncmsom

Score E
(bits)  Value
138 6e-53 4
143 4e-513
152 4e-495
158 9e-44 2
104 2e-433
104 2e-433
95 4e-404
119 2e-38 3
113 2e-384
138 6e-383
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Figure 25. Result from Basic Local alignment Search for protein similarity to translated amino acid sequence of SMC 59

ol

u B Score E
Sequences producing significant alignments: a (bits)  Value
Qil11249736|pir|[T44587 cytochrome P450 homolog [imported] - Streptomyces xﬁmq\mme ﬁ 202 3e-51
GI307950561refINP 8515061 , PaSD-like > — o 201 1e50
i21 ref 11 ativ hrome F oor 32 € w sed B
1il298 NP 82488 “ ative cytochrome P450 : .zimmﬂ Aﬁlﬂ 186 3e-46
Qi[28192484|ab]AAMZZES 7 . 3 vgm”mzn 7 4e-44
M A\ il ,ﬁ 179

Qi[23018492|reflZP 000582081 . ychrome F ermobifida fus ﬂ u 177 1e-43
oll Q7|re ! : ative 8 ne P4 “fAmils S es OOQ\H&AE 174 1e-42
qi t \ HainA Structdie.o no\oa>ww

_ 174 1e-42
ai a n 11 1e-41

ml'
]
ARIBIN T
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Figure 26. Pairwise alignment of nucleotide sequence of SMC 59 and P-450 from S. coelicolor

A3(2) (AL939114)

SMC 59 e e e e e e e e e mm e e e e mmmmmm e —m——m—o——ooooo-
AL939114 ATGGCGACCCAGCAGCCCGCCCTCGTCCTCGACCCCACCGGCGCCGACCACCACACCGAG
SMC'59 = mmmmmmmememcee-n BB R oo
AL939114 3AGGC CCTGGGTGGACGTCCTCGGGGTGCAGGCC
SMC 59 e e R -
AL939114 wACCAGCTCCGACGTCTCCAAG
SMC 59  —------ , B e seE e s
AL939114 ’ - CACCTGGCCGCTGGCCCTG
SMC §9 = -------2 AR S e - GGCCGGCTGCGCAAG
AL939114 : CAATCACCGCAAGCTGCGCCGG
* % d g ok ko ok ok %
SMC 59 ATGCGGCCCCGCGTGGAGGCC
AL939114 ole TCG. GATGCGGCCGGCCGTCGAGGCG

d ok ok ok ok ok ok ok - P " ek ok ok ok ok ok ok ok dhkk kkkok Kk
SMC 59 CGAG- - - CGGCGACGGGGTCGTGGACATC
AL939114 ATGGTGACC FREe GGETH AGCTTCCCGCCGGTGAGCCGGTGGACCTG

* * * * % *k X * *k kK * K *hkhkkhkk *
SMC 59 A Tadtc { "CCEA ATGATCTGCGAACTGTTCGGCGTGCCG
AL939114 ‘ GETCACCTCATGGGCGTGCCT

bk * ko k  dodok ok ok ok ok ok

_ X ]
SMC 59 el o CATGGACACCACCG-ACAC
AL939114 CAGGACCEGCGCGACEE GTGGAC! _}jTCTTCGACACCACCCTGGAC
*  kok khkkhkhkk * % * kK * kk * * ek ok gk ok ok ok ok ok ke ok %* %
SMC 59 AGCCCGGEECHCGCGGCGTCCGTCClﬁ&AGCAGATCGGCACCGTGCTGCCCGCGCTGAT
AL939114 . _CGACCA-GCTCAT
* * % * k% *hkk kK
SMC 59 CCCACAAGGCCGCGCA CGGTGACGACATGACCACCGAGCTGATCCGGGTCCGGGA
AL93911 CGACGA CATGACCTCGCTGCTCATAGCCGCGCGGGA
1ﬂ ,ac ﬂ ko k ok
sMCs59 @ = CGA------ GGACGGCGACCGGCTCAGCGACGA AGCTGCTGTACELl CTGCTGG
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Figure 27. DNA sequence of putative macrolide P-450 from SMC 59 and its translated amino
acid sequence
10 20 30 40 50 60

GGCCGGCTGCGCAAGCTGGTGGCTCCCAGCTTCACGCACCGCCGCACCGAGGCGATGCGG
G R L R KL VAUPSFTHRI RTEAMR

: 70 80 110 120
CCCCGCGTGGAGGCCATCACGGCGGAGCTGCTCCACECECTCGACGCGAGCGGCGACGGG
P R V E A I T A E I ]

170 180
GATCTGCGAACTG
I C E L

130 140
GTCGTGGACATCAAGGAGGGGT
V V. D I K E

0 240
CCATCATGGAC
I M D

190
TTCGGCGTGCCGGACGAGTT
F G V P D E

250 300
ACCACCGACACGAGCCC CACCGTGCTG
T T D T S P E G T V L

310 0 360
CCCGCGCTGATCACCCACAA CACCGAGCTGATC
P A L I T H K T B L I

370 380 ; 410 420
CGGGTCCGGGACGAGGACGGCGACCG! -AGCC? CTGCTGTACACGCTGCTG
R V R D E D_G DR -I-s P RS - Y T L L

430 "Fﬁ e ———— ﬁ:‘l 480
CTGGTCATCGGGGCGG "{ BGCEGCGGTCGCC
L V I G A G 9 A V A

490 500 510 520 0 540

CTGCTCCGCCGTCCCGAGCA‘CEﬁgCGGCGGTCCGG]EFGGGGAGATCGGCTGGGACGCC

L AUNINANINYUNT .,

GTCGTGGACGAGA GCTGCGCGCGCACCC}:CGATCGCCTCGCTGCCGCTCCGGTTCGCC

RN SR ININ Y

GTCACC CCTCACCGTCGGCGACGTCAGGGTCCCGGCCGGCGACGCCATCATCACGACG
v T D LTV GDV VRV PAGT DA ATITITT

670 680 690 700 710 720
TACGCCGCCGCGGGGCTCGACCCCGACCACTACGGGCCGGACGCCGACGTCCTCGACGCC
Yy A A A GVLDPDHY G?PDADUV L DA

730 740 750 760 770 780
ACCCGGGCCTCAGACGACCATCTCGCGTTCGGGATCGGCGTCCACCACTGCATCGGC
T R A S DDUHTULA AT F G I GV HHTCTI G
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Figure 28. Pairwise alignment between translated amino acid sequences of SMC 59 and P-450

from S. coelicolor A3(2) (AL939114). Block indicated the oxygen-binding and heme-binding

motif of P-450. Consensus of amino acids is represented by asterisk (*)
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Figure 29.
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Multiple sequence alignment of predicted secondary structures of putative P-450

of SMC 59, P-450 from S. coelicolor A3(2) (AL939114) and P-450eryF from S. erythraea

(M54983)

SMC 59
AL939114
M54983
M54983_known

SMC 59
AL939114
M54983
M54983_known

SMC 59
AL939114
M54983
M54983_known

SMC 59
AL939114
M54983
M54983_known

SMC 59
AL939114
M54983
M54983_known

SMC 59
AL939114
M54983
M54983_known

SMC 59
AL939114
M54983
M54983_known

SMC 59
AL939114
M54983
M54983_known

SMC 59
AL939114
M54983
M54983_known

------ HHHHHHHEH]I
FGRWSSEIL

1 sheet

B helix

H helix

HHHH”' HHHHHHHHH]

K helix ¢ 54, sheet

i#

6 sheet

3 shedh}

EEEE]




Figure 30. Result from Basic Local alignment Search for nucleotide similarity to nucleotide sequence of SMC 78
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Figure 31. Result from Basic Local alignment Search for translated amino acid similarity to translated amino acid sequence of

SMC 78

ol
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Figure 32. Result from Basic Local alignment Search for protein similarity to translated amino acid sequence of SMC 78
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Figure 33. Pairwise alignment of nucleotide sequence of SMC 78 and P-450 from S. rochei

(AB088224)
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Figure 34. DNA sequence of putative macrolide P-450 from SMC 78 and its translated amino

acid sequence

10 20 30 40 50 60
AGCCGGCTGCGCAAGCTGGTGGCGCCCAGTTTCACGCACCGCCGGACCGAGGCGATGCGG
S R L R KL VA P S F THWZ RI RTEAMTR R

70 80 90 100 110 120
CCCCGGGTGGAGACGATCACGGCGGAGCTGC TGCGCTGGAGGCCGCGGAGGGCGAG
P R V E T I T A E L E A A E G E

130 140 170 180
GTCGTGGACGTCAAGGAGGG ATGATCTGCGAACTC
V VDUV KEG C E L

190 240
ATGGGTGTGCCGGACGCGT {CACACGC CCATCATGGAC
M GV P D AE : ~ A I M D

250 300
ACCTCCGACCCGAGCCCGRA CGGGACGGTGCTG
T S D P S P The T VL

310 329 Z W\ 360
CCCGCGCTGATCGCCCACEEGE CGEBGACGACATCACGACCGAGCTCATC
P AL I AHR ‘ - T E L I

370 380 410 420
CGGGTCCGCGACGAGGACGGCGACCEECTEAC CTCTACACGCTGCTG

R V R D ED G D R L L YTUL L

430 440 50 460 : 480
CTGGTGATCGGCGCCEE ACCGT [CACATCGGCARCGEEGTGGTCGCC
L VIGAGTHE § S \ﬂ, vV V A

490 0 540

CTGCTCCGCCACCCCGAﬂGCTGGCGGCCGTGCGGTCCGGGGAGAﬁGCTGGGACGCC
LLRHPEQLAAVRSGEIGWDA

GTCGTcezéﬁlL&u ‘ﬁﬂ NINLUIAS..

~ARISAI RN U

TACGCCGCGGCGGGGCTGGATCCCGAGCACTACGGGACGGACGCCGACCGCTTCGACGCC
Y A A A GLDUPEUHYGTUDA AUDIRF DA

730 740 750 760 770 780
ACGCGGGGCGCCGACGACCATCTGGCCTTCGGCATCGGCGTGCACCACTGCATCGGCG
T R G A DDHULAF G I GV HHCTIG



Figure 35. Pairwise alignment between translated amino acid sequences of SMC 78 and
P-450 from S. coelicolor A3(2) (AL939114). Block indicated the oxygen-binding and heme-

binding motif of P-450. Consensus of amino acids is represented by asterisk (*)
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Figure 36. Multiple sequence alignment of predicted secondary structures of putative P-450 of

SMC 78, P-450 from S. coelicolor (AL939114) and P-450eryF from S. erythraea (M54983)
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AJS80915 S.parvulus (borrelidin)
AY354515t4 Streptomyces sp.(phoslactomycin B)
AF393159 S.acidiscabies (thaxtomin A)
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Figure 37. The parsimony tree of nucleotide sequences of SMC 48, SMC 59 and SMC 78

(bootstrap 1000)
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AY1174391 S.carzinostaticus(neocarzinostatin)

216 AF145049 S.fradiae (tylosin)
49 AL939114 P-450 from S.coelicolor A3(2)
- i SMC 59
SMC 78
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Figure 38. The parsimony tree of amino acid sequences of SMC 48, SMC 59 and SMC 78
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