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Identification of engineered strain WSJ-1A with high
proportion and high production of isovalerylspiramycin | and
its original parent strain Streptomyces spiramyceticus F21

DAl Jian-Lu* LIN Ling*?* WU Lin-Zhuan® WANG Yi-Guang""

(1. Key Laboratory of Biotechnology of Antibiotics, Ministry of Health, Institute of Medicinnal Biotechnology,
CAMS & PUMC, Beijing 100050, China)
(2. Northeast Agricultural University, College of Life Science, Harbin, Heilongjiang 150030, China)

Abstract: [Objective] A Streptomyces spiramyceticus WSJ-1A strain (herein designated as an
isomycin | producer) with high proportion and high production of isovalerylspiramycin I was
obtained by cloning and expression of acyB2 (Regulatory gene) and ist (Isovaleryltransferase
gene) into an isovalerylspiramycin I producting strain. Taxonomic studies were carried out to
define the engineered isomycin | producer and its original parent strain Streptomyces spira-
myceticus F21. [Methods] 16S rRNA gene sequencing and five housekeeping genes (atpD .
gyrB. rpoB. recA and trpB) coding proteins sequencing combining the traditional taxonomic
studies, such as morphological, cultural, physiological and biochemical characteristics were
performed for both strains. [Results] The Streptomyces spiramyceticus WSJ-1A and Strepto-
myces spiramyceticus F21 share highly similar phenotypes and 16S rRNA gene sequences as
well as in the phenogenetic analysis of the five housekeeping gene protein sequences. While
their 16S rRNA gene sequences and the five housekeeping gene protein sequences phyloge-
netically were located in different clades comparing with all other strains so far described. And
the closely related strains with each gene coding protein were also different,none of them was
as spiramycin producer reported. [Conclusion] Our results suggested that Streptomyces spi-
ramyceticus F21 was possible a new Streptomyces sp. of spiramycin producer.16S rRNA gene
sequence and five housekeeping genes (atpD. gyrB . rpoB. recA and trpB ) coding proteins
sequences could be served as genetic markers in identifying the engineered strain’s stability in
long term of the commercial production.

Keywords: Isomycin (Isovalerylspiramycin) I, Streptomyces spiramyceticus F21, 16S rRNA gene,
Polyphasic taxonomy
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Fig. 1 Chemical structure of bitespiramycin
Note: R;=H, lsovalerylspiramycin I ; R;=COCHj;, Isovalerylspiramycin II; R;=COCH,CHj, Isovalerylspiramycin III;

R,=COCH,CH(CHy)s.
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Table 1 Oligonucleotide sequences used for PCR and sequencing

L Szl *
Primers Oligonucleotide sequences (5'—3')

16S rDNAF GGTTACCTTGTTACGACTT
16S rDNAR GTCGGCGACTTCACCAAGGGCAAGGTGTTCAACACC
atpDPF GTGAACTGCTTGGCGACGTGGGTGTTCTGGGACAGGAA
atpDPR GAGGTCGTGCTGACCGTGCTGCACGCGGGCGGCAAGTTCGC
gyrBPF GTTGATGTGCTGGCCGTCGACGTCGGCGTCCGCCAT
gyrBPR GAGCGCATGACCACCCAGGACGTCGAGGC
rpoBPF CCTCGTAGTTGTGACCCTCCCACGGCATGA
rpoBPR CCGCRCTCGCACAGATTGAACGSCAATTC
recAPF GCSAGGTCGGGGTTGTCCTTSAGGAAGTTGCG
recAPR GCSAGGTCGGGGTTGTCCTTSAGGAAGTTGCG
trpBPF GCGCGAGGACCTGAACCACACCGGCTCACACAAGATCAACA
trpBPR TCGATGGCCGGGATGATGCCCTCGGTGCGCGACAGCAGGC

Note: ":R=Aor G ; S=G or C.
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Fig. 2 Scanning electron micrograph of the spores of the strain of S. spiramyceticus F21 (A) and WSJ-IA (B) grown on
Gause’s medium for 14 d at 28 °C (x5 000)

F 2 S. spiramyceticus F21 (A)F0 WSJ-1A (B) B #kBIIE FR4FIE

Table 2 The culture characteristics of the strains S. spiramyceticus (A) and WSJ-IA (B) in different media

. Ui SN2 Al (%
Higrst Aerial mycelium Substrate mycelium Soluble pigment
Medi
edia A B A B A B
RIHFE F 2 B, Fies HETH T % %
Czapek’s medium
AR A W, mite W, mite @i g % %
Glucose asparagine agar
S K A P FET U b %
Glycerol asparagine agar (ISP5)
JBLLER i FRw EAs WEHE  REEE % %
Mineral salt starch agar
PR o i it i i i %
Yeast extract-malt agar (ISP2)
HA IR . .
Oat agar (ISP3) B =it ST e = =
L it Wb, AAE  REEE  RLHE Jt %
Gause’s synthetic agar
BB KL KL E E) % %

Santa’s agar
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£ 3 S. spiramyceticus F21 (A)F1 WSJ-1A (B) B #k B4 IR 4 L4354

Table 3 Physiological and biochemical characterisctic of the strain S. spiramyceticus F21 (A) and WSJ-1A (B)

R s E| EAPS 55 H 5

Test item Result Test item Result
A B A B

HAE N N Kbt . .

Glucose Salicin

HERwE . . WA 5 5

Mannose Amygdalin

HEamE B : P EE B _

Mannitol Galactitol

7L b 5 _ ' PNl 5 5

Lactose Erythritol

ki . . ML EE B a

Galactose Inositol

1AL - - é o N N

Sorbose Glycerol

L L B .

Sorbitol Starch

Az 3 H . N | W . .

Maltose - Glycogen

B _ _ ATy . .

Sucrose Sodium gluconate

B _ _ R . .

Melibiose Sodium malate

A=A _ B B . .

Melezitose ‘ Sodium succinate

2 ~ ~ 75— Rkl wow

Rhamnose E Sodium malonate

g . N A EREM a 5

Raffinose Sodium tartrate

TR . . ' dillidigla 5 5

Trehalose ; Gelatin liquefaction

U _ _ AL . .

Fructose Milk peptonization

A _ _ é RFRARIE I . .

Xylose Nitrate reduction

% B N N i 22 PR il N B

Ribose Tyrosinase

I . . | VERHG . .

Inulin 1 Amylase

e+ BEMERO; = BRSO W 5.
Note: +: Positive reaction; —: Negative reaction; W: Weak.
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S eI ERRA S. chryseus. S. helvaticus .,
S.agglomeratus . S. flavidovirens . S. albidochro-
mogenes, H:H1 5 S. spiramyceticus F21 A4 [Rl R
Yok 99.2%, 15 WSI-IA FREE[RENES 518
99.7%. 99.3%. 99.4%. 99.4% #99.4%,
26 ETEREFMSFINRAZLERR
FH B0 5 %) S, spiramyceti-
cus F21 Hl WSJ-1 i 5 ~F % HE[H (atpD . gyrB.,
rpoB. recA. trpB)iffT T /4. atpD ZmAdARER
F1ATP &g p WA, gyrB LK ZRH5 DNA 2
Jiefi(DNA gyrase)fy B IW3E, rpoB Zifis RNA %
A B V3L, recA Zwft RecA [, trpB JE K 465
CERE . 5 B REFTIN T R
MR RIS AE R 4 th

Streptomyces anulatus (EU647474)
85 | Nocardia cummidelens (FJ486310)

74 '

Ctrnntnmivnoe viridnrhramaconee (E1772

_{ Jer CIJLUI”}/LCJ viriuucornir UIIIUSC”CD \1 JIiio
65 ' Streptomyces flaveus (EU918717)

Streptomyces californicus (EU570722)

Streptomyces microflavus (FJ486343)
Streptomyces griseus (EU647493)

a0
T4y

Streptomyces spiroverticillatus (AB249921)

99 \WSJ-IA (JN671904
57 ¢ ) Streptomyces spiramycetics F21 (IN67

— Streptomyces helvaticus (AB184367)

99 | Streptomyces agglomeratus (AB184447)
Streptomyces flavidovirens (F1486395)

nAAn N

61 ' Streptomyces albidochromogenes (AB249953)

57
1
Streptomyces tanashiensis (AB184245)
Streptomyces setonensis (FJ486418)
Streptomyces chryseus (EU593575)
100
56
0.002

3 ET 16S rRNA EEFFFI#Z A E#k S. spiramyceticus F21 1 WSJ-1A B R % % B #
Fig. 3 Phylogenetic tree based on the polygenetic analysis of 16S rRNA gene sequences showing the
position of strains S. spiramyceticus F21 and WSJ-1A
Note: The tree was evaluated by bootstrap analysis of the neighbor-joining method based on 1 000 resamplings, only values above
50% are shown. The numbers in parentheses are accession numbers of 16S rRNA gene sequences in GenBank. The scale bar indi-

cates 0.02 substitutions per nucleotide position.
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5 MNEZXRENEEAKFSCHEITING B e 1000 A 2IAHMN &5 ER T RS
BLASTp Zr#f, B EEAFAIFEPEEE  KERB 8 E WP E5 R s, Wk S.
YRR, I ClustalX #4454 MEGA %kt  spiramyceticus F21 1 WSJ-IA [ atpD %K 25 5
K H Neighbor-Joining M ERGEAXEM, H  HHFHS S. caviscabies. S. griseus subsp.
Bootstrap analysis 77 L1 RS A B, WKl 4 griseus. S. roseosporus. S. flavogriseus.

F 4 S. spiramyceticus F21 #1 WSJ-IA B8 5 M EREE FFI 94

Table 4 The sequence identities between strains S.spiramyceticus F21 and WSJ-1A

Feo B ) P
SN Sequence length (bp) Identity (%)
Gene
S. spiramycetics F21 WSJ-1A S.spiramycetics F21/WSJ-1A
atpD 600 680 99.8
gyrB 1173 1177 100
rpoB 871 870 99.7
recA 854 701 99.6
trpB 700 611 100
& 81 I: Streptomyces luridiscabiei (AEK06253)
Qtrpnfnmvf'pc n11niﬁivrnhipi (AFT(ﬂﬁ? 54)
51 1 Streptomyces flavogriseus (ADW03386)
4‘— Streptomyces ipomoeae (AEK06256)
Streptomyces roseosporus (ZP04696238)
98 erontnmwr-oc gwcauc clﬂ'\cp ngauc (YP0OO1 R?Qﬁ7§\
93 ! Streptomyces caviscabies (AFK06251)
+ o4 AS /
WSIJ-IA (IN671902)
— 94 ' Streptomyces spiramycetics F21 (JN671897)
59 QZranfnm\rﬂac \)iv'i/]nr'hrnmngpnpc (7pﬂ7'1“ﬂ<1 Q)
L Streptomyces clavuligerus (ZP05002749)
Streptomyces pristinaespiralis (ZP06909438)
& 72 — Streptomyces ghanaensis (ZP04685834)
65 Strepromyeces griseoflavus (ZP07310710)
B ees-griseofia 7
99 ISizepiomyeestalbuslZBOATOAS S
= Streptomyces sampsonii (AEK06255)
53 | Streptomyces stelliscabiei (AEK06247)
| lg culiscabiei (AEK06249)
Streptomyces venezuelae (CCAS58311)

] Streptomyces bingchenggensis (ADI06897)

69 |: Streptomyces hygroscopicus (ZP07294822)

—
0.01
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B 100, WSJ-1A (JN671898)
&t | Streptomyces spiramycetics F21 (JN671893)

| Streptomyces caeruleus (P50075)
Streptomyces spiroverticillatus (BAB91309)
| Streptomyces pristinaespiralis (ZP06910689)
) 65 \—,7 Rhodococcus erythropolis (BAGE2805)

98— Streptomyces clavuligerus (ZP08216900)
83 Streptomyces aureoverticillatus (BAB91262)
Streptomyces cinnamonensis (ACT64307)

Streptomyces olivaceus (BAJ22135)
— Streptomyces griseus (BAJ22133)
T‘— Streptomyces roseosporus (ZP06585516)
61 Streptomyces blastmyceticus (BAB91265)
Streptomyces olivoverticillatus (BAB91299)
99| — Streptomyces stramineus (BAB91311)

33 Streptomyces ardus (BAB91259)
E Streptomyces netropsis (BAB91283)
51 Streptomyces eurocidicus (BAB91274)

Streptomyces-griseoaurantiacus (ZP08288029y
——

Streptomyces avermitilis (NP825498)
Streptomyces phaeofaciens (AEC48375)

SN
[}

1 nn
11UV

C 58 Streptomyces roseosporus (ZP04696687)
e Streptomyces flavogriseus (ADW03021)
— Streptomyces cf. griseus (ZP03235440)
Streptomyces violaceusniger (ZP0T7608385)

Streptomyces scabiei (YP003488161)
50 [ Streptomyces ambofaciens (P41054)
82 Streptomyces argillaceus (ABB29469)

| r Streptomyces avermitilis (NP823668)
Streptomyces pristinaespiralis (ZP06909062)
Streptomyces sviceus (ZP06920206)
Streptomyces coelicolor (NP629894)

6 N~y -

86 Streptomyces lividans (ZP05523237)
i, Alha:a (7DNAK0O20722)
AJL’ CIJ!U"!_}/LCJ MLUMJ \Lal VUJ/J/JJ}
|— Streptomyces griseoaurantiacus (ZP08289232)
ol Streptomyces viridochromogenes (ZP07306916)
. Streptomyces clavuligerus (ZP08218570)

1_,— Streptomyces griseoflavus (ZP07310373)
90— Streptomyces ghanaensis (ZP04685508)

Streptomyces venezuelae (CCAS58710)
98' Streptomyces violaceus (P48295)
WSI-1-(IN671901)

i
gg9l— Streptomyces spiramycetics F21 (IN671896)

EAY

0.01
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D 100 Streptomyces lividans (ZP05524297)
| Streptomyces coelicolor (NP628815)
Streptomyces griseoflavus (ZP07311356)
Streptomyces incarnatus (BA168380)
{ Streptomyces sviceus (ZP06919109)
92 Streptomyces scabiei (YP003489357)
Streptomyces griseoaurantiacus (ZP08287702)
Streptomyces actuosus (ACR48347)
Streptomyces ghanaensis (ZP04686482)
72 Streptomyces viridochromogenes (ZP07305857)
89 Streptomyces pristinaespiralis (ZP06910112)
Streptomyces clavuligerus (ZP05006608)
Streptomyces venezuelae (CCA57631)
Streptomyces flavogriseus (ADW03964)
— Streptomyces griseus subsp. griseus (YP001824381)

100 = Streptomyces roseosporus (ZP04695503)
Streptomyces albus (ZP06591317)
Streptomyces avermitilis (Q82DQS5)
99, Streptomyces hygroscopicus (ZP07295716)
L Streptomyces violaceusniger (ZPO7607199)

— WSIJ-IA (JN671899)
100 Streptomyces spiramycetics F21 (IN671894)

a  —

0.01

E 89, WSIJ-IA (JN671900)
Streptomyces spiramycetics F21 (IN671895)
—— Streptomyces spiroverticillatus (ABK55989)
| Streptomyces flavogriseus (ADW06191)
8? Streptomyces kanamyceticus (ABK55973)
Streptomyces cf. griseus (ZP08239181)
Streptomyces pristinaespiralis (ZP06912334)

—

M Streptomyces roseosporus (ZP04692453)
Streptomyces venezuelae (CCAS54977)
Streptomyces avermitilis (NP827353)
Streptomyces clavuligerus (ZP06770724)
Streptomyces ghanaensis (ZP04688812)
] ——— Streptomyces viridochromogenes (ZP07303092)
Streptomyces coelicolor (NP626297)
91 Streptomyces griseoflavus (ZP07313516)
—— Streptomyces scabiei (YP003492386)
————— Streptomyces albus (ZP04701447)

Streptomyces sviceus (ZP06916411)

Streptomyces griseoaurantiacus (ZP08290175)

Streptomyces bingchenggensis (ADI11061)

—— Streptomyces violaceusniger (ZP07605299)
99‘— Streptomyces hygroscopicus (ZP07298556)

0.01
4 BETERERRBEHFFIMERIER S. spiramyceticus F21 #1 WSJ-IA BIRFK & B 1
Fig. 4 Phylogenetic tree based on the pologenetic analysis of housekeeping genes protein sequences
showing the position of strains S. spiramyceticus F21 and WSJ-1A
Note: The tree was evaluated by bootstrap analysis of the neighbor-joining method based on 1 000 resamplings, only values above
50% are shown. The numbers in parentheses are accession numbers of housekeeping genes protein sequences in GenBank.The scale
bar indicates 0.01 substitutions per nucleotide position. A: atpD; B: gyrB; C: rpoB; D: recA; E: trpB.
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3 i
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16S rRNA LAY SEILE BE R, B0 T X 7>
IEGFECE AR PN TSR, B H R
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X453
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