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B 5 i A DA el - 3 e i 5 A5 380 0 HE UL
1 ( Streptomyces spectabilis, S. spectabilis )k S-13
EEANGE 7 2 B Ui N TR BVl = i i B L =K U B 2
N T RLZYgear, BTERTRIZER DGR
PR FRE T EE X a2 W g kg, DIPEAR %
CRELEN S, IR0 d N w5 R B
RIS REFREE A SE 00 v

2 SLIf

2.1 SEBHEELHE
211 EZRXAM

oK B B2 . NaCl, 1 g 0 o il 50 A BR 2 Al
CaCl,, MgSO,. KCI, AgNO,. H,0,. Na,0,S,.
K,HPO,3H,0. KNO;. FeSO,7H,0. #f ¥ i
¥y . MgSO, 7TH,0, [E 24 4 Bl 4k % 150 A FR 2 w5
ZnSO,. FPIEMRMN, FiEZEIHRLER AR A A R
W, RHE A T A R A s i TR ekl
Yeast extract, #%[H Oxoid 23 ]); &K —S R FHE,
RN, ERENE, b EBAEYEARARA A,
212 EE2ME

i TAES, YI-S/VD #, K —dndibit &
ARAT; BOEHREESD - AT 6EE T, TU-1810
B, At B E AR A BRSHE A Al iR
BS-1E A1, GIn iR 5 e i e IR T4
DHG-9303-3SA &, dnmii AL gl A PR vl 5
AL S SR, PYX-250S-A B, #4802 R T 4%
WA FRA Wl 3 U 1 280K A A , LDZX-50KBS Y,
TR BRI AR R B PR e, KQ-
500VDE !, BLilii# A (A A BRA R A il ¢ i
f6f8, Datacolor 600 %Y, E[EFE ( Datacolor ) /A H].
2.1.3 @HRR

AW F LR E A" 1 S. spectabilis TH
P S-13 S FTHIOFFE A o DI R Tl A bl oA A
TRy g Al AT OR A . T S5 1 32 A
S OHEERE ( Staphylococcus aureus, S. aureus,
ATCC 6538 ) FIRIGFFH ( Escherichia coli, E. coli,
ATCC 8739 ) ¥l A ) A48 L E P A PP ORI PO
214 EBBHE

B IS — 5 A B 3% 3k K,HPO,3H,0 0.05%

(FR%, FIR) , NaCl 0.05%, KNO,0.1%,

FeSO,7H,0 0.001%, 1] % PE3E K 2%, MgS0,7H,0
0.05%, Yeast extract 0.03%, pH=7.3+0.2, 121 CK

BEFIRZNREMREXNTLAYMNNERLEERENR

i 20 min;

G — 5 [ R KE 77 3. K,HPO,-3H,0 0.05%,
NaCl 0.05%, KNO, 0.1%, FeSO,7H,0 0.001%, #J
%5 PE VE B 2%, MgSO, 7H,0 0.05%, Bt g B 2%,
pH=7.3+0.2, 121 “CK[# 20 min;

BRRNGEREL: FRH 1%, NaCl 0.05%, &
15 0.05%, pH=7.3+0.2, 121 C K% 20 min;

BRI, ENE 1%, NaCl0.05%, &%
0.05%, pH=73+02, HEK 2%, 121 ‘CKE 20 min,
22 XBHZE
221 HERABHRGERERKLBER

i —80 CLRAERY S. spectabilis S-13 [H IR T2 1%
WA TR S AR F, T30 CFER 7~14
d, DAVE A RR I o5 ff (6 TR R . DMATRS
R 3% MR A BRI RN T i [C— 5 i A
REFEFE, T30 °CL 175 t/min JRIGROEHE IR 9~14 d,
VLB B Ol g, DA 221k
222 HERALEFTHRREEMRE

W RLART 50 CF TR EEE, RAUFES R
¥ — HA A B PRI 0.5 g IR T 50 mL 7Kl
fgrr, T 120 W, 30 CFHEDOEHEATRIL h, AR
PRBUE T 4 °C. 9600 t/min F &Ly, Wt FiSWIF5:
B EResEZR AR, T 40 CTiezsw4)s, FETH
STEAT TR EREE . R0 g OREFET
10 mL PKESFR IS (2R, P VKBSRRR A 3 150
i EA - AT LSBT 250~700 nm A HEF T
PRGN, I (D) IR ERAR (EL) .

E% A =Axa, (1)
s A FERICIEAS s A Ry SR IR S
a MR
223 HERLECETWORINAR

1) A SEREX AR ARE MR

FREFEEW S mL, 5IET 25, 40, 50, 70, 90,
100 CF AR 30 min; £ HUE R 5 mL, 750 &
TEAME. A6, 26T B 30, 60, 90, 120 min,
B RE S BT F B 30 min J5 B (8L, £
DK TR AR R 5 5 =535 nm (I RIRICI K ) Ak
WOGREFF AT HE AL

2) pHAE . &8 B 7R it r g

FW AR W S mL, K pH (1 £ 4.0, 5.0,
6.0, 7.0, 8.0, 9.0, 10.0, WAL HFEMMBEIE R, &
VKBS FRFR TG T 400~650 nm 36 [ N A TG4
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FHE W 0.9 mL, 3 5IMA 0.1 mL 5 nmol/L (¥
CaCl,. KCl, MgSO,. AgNO,. ZnSO, &k, /iR
S)JE R E 30 min LB @ ARk, FEZ UKS B AR B
JEIE A=535 nm Ab W6 RE I T AR

3) AR IR B AR R
Al

FHE R S mL, 25N SRS R 4R
I3 (4%, 8%, 12%, 16%, 20% ) (AL (H0,) |
WJFEF (Na,0,S,) « B (NaCl, FrE e
FIRERE ) VW, R0 IRA) )5 # E 30 min, WLEILEN
AL, PR VKEETRAE B 5 I 2 =535 nm Kb WOE
FEFEIEAT AL

4 ) HARE BN R FRE MR

BUE it (R BORE AT IR, BRI
mL B E %W, T 4000 t/min 2.0 5 min f5, P20k
B FRAR I IN E A=535 nm AL AIWE G, SESEE 10 d.
224 BEREEINBELAMOFERENT

TEE TR 28R 50 - 1B T 54 S.
spectabilis S-13 R MY L REK R IR GY, T
YeRHE pH M 5.0, DL 3 °C /min B9 BUETHE Z 80 °C
Je PR IR YL €8, 60 min . G 25 S TR K76,
T 40 CF 22 30 min, WVEE Al 154 (0 dr 22 41

H4 GB/T 8629—2017 {443 5 K FHZ Bz Vv
TR ) X Yeta s 222Ut PR DRI AT,
R PR € i S0 S Y (0 B ) KIS BRI, @™ b
SR, FI A - 0] WL e B T e A
AT )E S. spectabilis S-13 {0 ZRYLRHE 1=535
nm G, MRS (2) TR AR YR A 22
LU EYeR (F) o st (3) ~ (4) iR
T B KIS BRI (K/S ) RMIXHbR R 2 Sr,
PAITFN YL W S b . T skt LR
A BT RO P R, LIS YL g

== 100%, (2)

ofts A, FRA O RO s 4, FR U (R
PRI

Eﬁeiz;mmp (3)
. | (K/S),
Z,e][K—/S‘I] (4)
Sr= 1 ’

Kb SrFoR YL AUy B S K/S (X FEAS T
PHE A RAEIRZE ; 0 FRME B (n=5) &

DL B[] 8 R 40 T Y RHME X IR, S B E K br
#E GB/T 3920—2008 { 54 (72 B i R4 1
AR ) . GB/T 3921—2008 ( L5414 (A 2E 5 i
YRR Y | GB/T 8426—1998 54 {072 i
R WE @A HY) . GB/T 3922—2013 (%
U5 R RIS W R A ) 43 I A R 6 3R
Yok 21 TR EE R TRV L WG AN T
Iz,
225 FEF 2RO IPE RN

SR S. aureus. E. coli {2k, RIE
FE ZbRiE GB/T 209443—2008 { 2545 HiEPERERY
PR 26 3 #03: IRG7E ) WM YL s 22 U I P e

PERE .

3 HRENMH

3.0 HEHAANFLREERIEIES

Bt —80°CLRAERY S. spectabilis S-13 FEARA T2 7%
LR S T = AVl 1 /N O W o R L A AP € SY RN
AR A BRI T R S AR R R
AT RIS, B SIS S AL AR ZIK,
2R E 1 PR,

b) S. spectabilis S-13 BRI K =)
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1 8. spectabilis S-13 EH B L TR IK R EEIE 3R
Fig. 1 Activation and liquid fermentation of S. spectabilis

strain S-13
tHE LRI H0, S spectabilis S-13 WA IEAL)E,

AITE o Fo— 5 [ AR F 3 I A 4R IR 21 5 VA
WHE TEH R SWAREREDREFR 10d 5, W]
PAFEA R BN N O R T 221K,
32 HERAGEMRNAEMUE

Vo T 10 3 ) DK TR R BBV T 08 J5 AR A 1Y
R BVE T OKBSRR TG RV, KBS IR R
3fi5)a, WIS - v WA T A K
i, R AL AR RS - o WIS R, an
El 2 Fis

M 2a AT, KB RO CRNARBEEN
T UKBRIR G , ATAS 20210 (R B &l 2b AT AT,
A RAE 535 nm AELERRIRIOE, 33X 530K [14-16]
iR —2, FHIL, I 2=535 nm {E R 54250
B AMIAE  o BERE PR AT (0 R AR KA RO
2125, =0 (1) Az B R A0S 127.5 Ulg;
FEMIFERE R, 5™, mmH " %
ARt R LT P A EL I, IE B3 i P
TRHEIAY S. spectabilis S-13 THIRMI N ZL 4K Al 3RIF4K
AR,

a) S. spectabilis S-13 I P~ £I K EI

BEFIRZNREMREXNTLAYMNNERLEERENR

—VKEETR 5
| —EFEW (KRS ) -

absorbance
—_
(=3

-0.5 - . : . - - - .
250 300 350 400 450 500 550 600 650 700
wavelength/nm

b) S. spectabilis S-13 R EHN - 7] WOLIEE
2 S.spectabilis S-13 PR 4L B R B R R H NI F4FIE
Fig. 2 Pigment produced by S. spectabilis S-13 and its

spectroscopic characteristics

33 HERAGEMBREMRE
331 BE. AENEERIREGHH

BAEOZE WS D E AR . AFEDEIEAHT
AR — BB A) e, K 25 2ERE S UM i 30 min I
SEIBOAE, ZUKBETRAG RS I A=535 nm &b
WCHE (ODsss ), ZARANE 3 PT7R

2.8
26
“ — E—
S
24rF
20 . . . . . . .
20 30 40 50 60 70 80 90 100
temperature/ C
a) AR T ARMWOLE (535 nm 4b)
2.6
—a— M
—e— F;
24f —a— 20k
£
§
22¢ . . .
2'00 2IO 4IO ()IO 8I0 1I00 120
time/min

b ) AREDEIET GRAMEOLE (535 nm 4b)
3 RE. EREZFAMERBEEHRE
Fig. 3 Effects of temperature and light conditions on the
stability of pigment

o 3 ATAD, M R AE 25~100 °CF 43 )
AbFR 30 min, LKA EE 30~120 min 5, HAE
535 nm A AW EEETCI B AR L, DA B R AE AN R
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FERPEA T N AR S R e, 255 RLE
AT AFEAL S, (R AE 535 nm Ak AW IS A5 AR
b, BEBHERAMERIZLI X (28 HAT — 2 10 A A
HEsER.
332 pHA. 2 ABFTHEFREIMG A

B R BITEAS[F Y pH A (4.0~10.0) LU
KA 4)EE T (G, K, Mg™, Ag". Zn™)
AN, USRS EaAs L, ZUKBSIRG RS
HAPCEAH, S5 RANE 4 Bk,

4.0

absorbance

0 L L L ~
400 450 500 550 600 650
wavelength/nm

a) Al pH{E T G RADLIER

H,O Ag' K’ Ca* Zn* Mg?

species of metal ions
b ) AFEEEE T T ERIPOLE (535 nm 4b)
4 pHEREEEFHEREEMENZM
Fig. 4 Effects of pH values and metal ions on the
stability of pigment
Hi P 4a W], Y4 pH 7E 4.0~10.0 15 [ P 32 ¥ 1
RIS, BRMELELNEFIIOHEREG, FRER
(R AE WS 7E 400~650 nm 05 Bl P9 725 4 it 2, 13d
W% e R pH URTL R ", pH (AL 2
M RAR R, XA pH B2 MR AR
GRS THIR BRI | TG 7 SO S5 5T,
M ECRIR O R BBOOEHE R R BUE . Bilan, 4%
RAEMRIESRA N RLE, (EER T REE ™,
Hi /& 4b AP, 24 Ca', Mg, Zn™ fREERT, (8

HRAE 535 nm ARAOL W R TR, LXK LE 4R
B ORAA—ERE . SRETRRE
FI O RIS . RN T A A
LA LU ORI A D510, XS R A AR A
LRI KR AR g AR et ™,
333 fAH. ZRAN. RREFRANEETRIEY
#oh

B 2 W S A S5 R BN [R] kB2 1) HL,0,
Na,0,S,. NaCl, FFEmRAFIEEREA I, TR

i 30 min WSS L (@ AR AL, PR K I IR A R il
FE A=535 nm ARG, 5N 5 B

28

26f —=—HO,;

oD,

£24 \——4‘\

- /\

20 L L L L
0% 2% 4% 6% 8% 10%
volume fraction

a) H,0, Fl Na,0,S, Ik

2.6
—=a—NaCl;

2al —e— I AY;
22
5 ——— e a ___——

20F

18 1 1 1 1

0% 2% 4% 6% 8% 10%

volume fraction

b ) NaCl, FrE&mRENFIFERE R
5 ARREMEREREE SO
Fig. 5 Effects of different concentration of solutions on

the stability of pigment

Ml Sa ATAT, AN [RMR B2 1 S AE ) H,0, . i85
7 Na,0,S, b 8 R IF W fe, H0, X R oA —
PR EAERT, SRR 2% B G i i 2
1M Na,0,S, Wxf a2 A Ve, JFREE e i1
o, HEMEREmMEE . hE Sh A, ZARFEMRE
) NaCl, FrEmReh . REMEa R mmatr)sE, &
FHTE 535 nm LB LS, RoEtE BRIt
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334 EBABNEER TR YA

BUE it (6 RV WORLAICT R IR, BRI
mL ORI, B, ZUKES BB I E A=535
nm ZRIOBREE, LN 10d, Z5RAE 6 Fin.

2.6

241+

20— W g

()])53 5 nm

201

% 2 s 6 8 10
time/d
6 BREABMEREEMEHIZM
Fig. 6 Effects of prolonged darkness on the stability of
pigment

HH I 6 I, B 2R e ARG A S R 10 d
JG, REHUBAREIRS, ERTE 535 nm AAHIOE
FEASEANEA ., UL (R AR A T A RAFIIA
EARRENE,
34 BRERAGRVELAYMLEHLKEDNE
341 kg%

ffiH S. spectabilis S-13 R YR 28 22 214 51 5]
BT 0, 5, 15, 25, 35, 45, 55 min Ji7, it (2)
THE AR PRI 2 LY EYeR, fE YRl
gk, S5 7 PR

80

p——
_—n
./I

_/////

dye uptake/%
&~ =N
(=) o

o
=]
T

0 10 20 30 20 50 60
dyeing time/min
7 S.spectabilis S-13 BREARLEFLAYM
bgpEEms
Fig. 7 Dyeing rate curve of silk fabric dyed with S.
spectabilis S-13 pigment

HB 7 AT, AE S min A 5 2K Yokl 2 2241
) b e R g AR s B Y (R R ITAE K, T

BEFIRZNREMREXNTLAYMNNERLEERENR

YR E L g P, EYL 55 min 5 Ik 3 s e
78.9%, FFHAB T YA, Xl TR AP E
22 LW ZEA AR, TRIISF 2L N M R 225
K, HF b WG AR RIgm, feEkRhe
RUREBHEAR, SWINAMAZIR 22080, R
ORI, RZGRFT A,
342 Q%@

S. spectabilis S-13 (42 Yol Ko e o dx 22 P &
8 Jit o AT 2, T €2 AN o2 Y B 2L 1Y KIS RN
L', a . b FEEREE, JhEd (3) o (4) i
BT 2 YK/ S S, LIRS Yt 8 i 5
et

L8

e,

a) S. spectabilis S-13 K Yk}

b) Pefadzss4]

8 S.spectabilis S-13 BRERLEFLAY SR 1E
Fig. 8 Levelness of silk fabric dyed with S. spectabilis S-13
pigment

2 S. spectabilis S-13 {428 YL kL e (8 )5 1 4 22 21
Y1 KIS M 1.4216, Lt~ 57.16, o N 59.72,
b {H M 1.78, Sr{H y 0.002 270, i & 8 Al %1, S.
spectabilis S-13 {02 Jukbx dr 22 21 AT AP 5] 4
Pk, Qe 2V HAA R IR, Besr b i s .
343 #E M

T8 2 A R X HE X5 A 22 S £ A Ak T
B GREE, UITHFN QL ELW & RaOr, a5 R anEl
9 fl7n.o
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o) RYOFRHERLZLW) (400% ) d) Jetafm22414) (400 x )

9 AFERNRURRETLAMBO IR
Fig. 9 The dye permeability of silk fabric observed by

optical microscope

A 9 BT, Yefa g 22 WL 4 N AN B YL Rl (4
PR A (245, HOR BRI A i (0,
%, Ui S. spectabilis S-13 €4 Yokbxf #2241 13 L

H RIFHE Yt
344 &EE

DA B[R] 8 32 A0 TYRME X R, 2 B S3hm e
A3 I 7 AN () €0, 28 L e e S () T A L T Rk
it SRR A2 B, A5 R K 1 s,

2 1 Al A, 2 S. spectabilis S-13 (AR YR YL,
e 22 SR RS . R T RR AR ik
B 5 g, HREEMORITE T R @R YR A
B2 S, spectabilis S-13 A2 YR )5 (AT >
EARFEMIARXT RS, O 1 9. 4518530k [21-23]
rRGE R ZE R, HE AT B R KRR R 5
ZERTE HOGRRES S 5y R A A2 B el A s 2, (45
P YRR NS Kl a7 N SR S5 LIl E R}
LUtk . S nA S gL e s e S g TS
I BV Sy AR E Y S DG R, DU e
KIRO R YRS e (0 U 35 PG L
3.5 REFZLAVBINE1EREEMH

GIIRHLS. aureus . E. coli YENZIXE, TFMHY
G2 RETERE, 45RNEE 2 FIE 10 B,

2% 2 IR 10 AT, S. spectabilis S-13 T ¥k MY
WELE R AL M MR T T e o R 22 8 LI
SRIIVEROCR , HX 2R E. coli F1 S. aureus HIH)
BRI ATk 49.7% F1196.7%

F1 SEFRAEREERFLAYHEFE
Table 1 Colour fastness of silk fabrics dyed with different dyes

M R4 (0 7 i T CBR /) 2 RE [ ALK TiF 242 52
L 7. 7. . .7
Hiiti 5% 2~3 % 59 2~3 %%
223 5% 14 5% 29
4475 5% 4~5 2 5% 3~4 2
TR 5% 4~5 %
TR E 5 59 5%
H iy 128 4 %%
F2 FEFLAYMAFAZHEHNEEE
Table 2 Antibacterial activities of dyed silk fabric against different tested bacteria
R 23 A0 B FRERR LU AR bt e 22 2T BEEE e o aix 22 21
S K/(CFU'mL™) K/(CFU-mL™) F K/(CFU-mL™) K/CFU-mL™) Y%
E. coli 53 000 99 600 1.26 37300 50 100 49.7
S. aureus 65 000 112 000 1.46 6500 3700 96.7

TE: KARBUE TG R IE ;s F AR RS A IR Y RSIRFR R I 3
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FRERZ)

E. coli

S. aureus

4 LEiE

AR T HA S @5 e EYE
SAREME, BYIEH AP, PUASEZ R
HEYETE . AR S, spectabilis S-13 BT
RN R R, AN ATk 127.5 Ulg, #
PRI . JERE . pH (. SR ACE SR R R A
SEET . AULNL ER L BRI X AR
FREPERSE N, GRS 0 3 HAA K AR e PE R pH
B KAk, HIZ AR TS RARGU YR A
RAFRSIYet: . By, JFnIxidE 22U E g Yt
P 2 EAA DL R AT RS | TRHEST L R e e
FLR R T R AR e T AR YR}, a8t
— Y T S LR B AL AR, IR,
o A By (410 B BB RT3 e €0 2 A i 1 10 TR AR
A, XS MAFT BRI 4 95 €0 A 25 3R T R0 17 2543531 ]
ik 49.7% 1 96.7%. ABIFRIRGE T B WL AR MR
FE R B T DA A 22 AR 3R 1 15 v S Bt 1 % £, 4
BRI, WSS TR ORI . 2.
[25 245 {3l 5 4 sl A 0 7 IO P TG 55 o
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Study on Stability of Red Pigment from Streptomyces spectabilis and Its Antibacterial

Dyeing Performance on Silk Fabrics

ZOU Wenting"?, HU Changchun', LU Shuting', YAN Zhengrong’, ZENG Xiaoxi', MA Liang"’

(1. School of Biological Science and Medical Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. Hunan Engineering Research Center of Lily Germplasm Resources Innovation and Deep Processing, Hunan University of
Technology, Zhuzhou Hunan 412007, China; 3. School of Packaging Engineering,
Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: To enhance the versatility of microbial pigments in textile printing and dyeing, intelligent packaging,
medical health and other fields, the stability of red pigment produced by Streptomyces spectabilis strain S-13 and its
antibacterial dyeing performance on silk fabrics were preliminarily studied. The results showed that the pigment had a
maximum absorption peak at 535 nm and exhibited high stability under different temperatures, illumination conditions,
darkness, and in the presence of common food additives. The red pigment was decolorized upon exposure to ultraviolet
light and the reducing agent sodium dithionite, whereas its color intensity was enhanced by red light, the oxidant
hydrogen peroxide and metal ions. As the pH increased from 4.0 to 10.0, the pigment transitioned from rose red to
bright red until yellow, indicating that it was a pH-sensitive pigment. Moreover, the pigment exhibited good levelness
and dye permeability to silk fabrics, and the color fastness to soaping, rubbing and perspiration of the dyed silk fabrics
were all Grade 5, while the color fastness to sunlight was only Grade 1. Furthermore, the antibacterial efficacy of the
dyed silk fabric against Escherichia coli and Staphylococcus aureus was found to be 49.7% and 96.7%, respectively.

Keywords: Streptomyces spectabilis; red pigment; stability; silk fabric dyeing; antibacterial activity
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