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Pigments production by two marine actinobacteria
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Abstract: [Background] Biogenic natural pigments have potential applications in industry, agriculture,
and textile industries. [Objective] The isolation and screening of marine pigment-producing actinobacteria
is aimed to lay a foundation for the applications of bacterial pigments in the textile and food industry.
[Methods] Actinobacteria, producing extracellular soluble pigment, were screened, and 16S rRNA gene
phylogenetic tree was constructed based on their 16S rRNA gene sequences. Subsequently, factors
affecting pigment yield and stability were investigated. [Results] A blue pigment-producing
actinobacterium Q2N-42 and a yellow-green pigment-producing actinobacterium X4C-5 were obtained.
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Phylogenetic analyses of the 16S rRNA gene sequences of Q2N-42 and X4C-5 showed that they have high
similarity with Streptomyces coelicolor or Streptomyces violaceoruber and Streptomyces pratensis,
respectively. Comparative analyses of the effects of carbon and nitrogen sources on pigment yields showed
that glycerol and sodium nitrate can significantly increase the blue pigment yield of S. coelicolor Q2N-42,
whereas, starch and sodium nitrate can significantly increase the yellow-green pigment yield of
S. pratensis X4C-5. Both the blue and yellow-green bacterial pigments displayed fine stability when they
were treated with different concentrations of the oxidant, reductant, salinity, and pH. FTIR spectral
analyses of the pigments showed that the pigment molecules contain the functional groups of —OH, —CHj,
and C=C. Different mordants coupled with the bacterial pigments were used to check the dyeing propriety
on the cotton threads. The results demonstrated that copper sulfate combined with the bacterial blue
pigment presented a excellent performance when the cotton threads were dyed with it, the cotton threads
were stained in darker blue, and enough to withstand the water wash treatment. Whereas, ferrous sulfate
combined with the bacterial yellow-green pigment gave a good performance for the cotton thread staining.
[Conclusion] Those data indicate that both the blue pigment produced by Q2N-42 and the yellow-green

pigment produced by X4C-5 are potential resources towards their industrial applications.

Keywords: Blue pigment, Yellow-green pigment, Actinobacteria, Pigment stability, Mordant
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Figure 1 Screening of the
actinobacteria

. AFIC: Q2N-42; BFID: X4C-5.
Note: A and C: Q2N-42; B and D: X4C-5.
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Streptomyces violaceoruber NBRC 12826 (AB184174)
Streptomyces violaceoruber DSM 40049 (NR041914)

B2 ZET 16S rRNA ZEFFIMENFERENEENS ILNEERNRE LB K
Figure 2 Phylogenetic tree of 16S rRNA gene sequences of Q2N-42 and X4C-5 as well as their reference strains
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Note: Numbers in parentheses are GenBank accession numbers; Numbers at the branch points indicate bootstrap values obtained after
1 000 replicates; The scale bar corresponds to 0.02 substitutions per nucleotide position; The superscript “T” indicates the standard strain.
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Figure 3 Effects of carbon sources and nitrogen sources on pigment production by Q2N-42 and X4C-5

W A: BIE; B: AR
Note: A: Carbon source; B: Nitrogen source.
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Figure 5 FT-IR spectral analysis of functional groups present in the bacterial pigments
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Figure 6 Dyeing of cotton threads with mordants and
the bacterial pigments
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Note: A, B: Blue pigment; C, D: Yellow-green pigment; A, C:
Before washed; B, D: After washed.
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Table 1  The color coordinates of cotton threads before and after washed with water
mtk AR BEYLR)  ARETT FREHERG %
Strains  Pigments Mordants  Cotton threads before washed Cotton threads after washed Color difference AE
L* a* b* L* a* b*
Q2N-42 Blue CuSO,4 22 -1 4 21 0 2 2.45
NaCl 20 2 3 32 -1 5 12.21
FeSO,4 32 =1 4 42 -1 3 10.05
CK 42 -2 1 54 -1 5 12.69
X4C-5  Yellow-green CuSO4 73 =2 26 80 =2 25 7.07
NaCl 77 -3 22 83 0 12 12.04
FeSO,4 75 3 44 63 6 42 12.53
CK 66 2 26 69 2 25 3.16
T L*: 52BEs a*: £18%H; b*: HUE(H; AE: (A2

Notes: L*: Lightness; a*: Red/green values; b*: Blue/yellow values; AE: Color difference.
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1B, S HrEESS 6 (Streptomyces pratensis) ] 43
TEPEBTR BT, Al Sk AR By i 000 AR 4 s 3
IR, T A R AR AR (L B R
WARIE . AW X4C-5 PRy iAo R
AT T RIS, i RE, LARTE pH
3.0-12.0 JEEAEERLEB, ARETZH
pH U RN ER RIS R IE . BRINZ AL, &
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RBPUAAH L I DR R R SR 2 PR AR T
My Y —SEE AR AR, ARSI, Q2N-42 7
A Y €L (5 3R XAC-5 FT 77 A A B (0, (0 K XL
K LT R BN RN S AL BN R B R A YRR e
(Kl 4A-D), BA)J ZrEN HME, 4 it4
2 POV g 1) — Bk v K 6 6 K 0 K 40 4 B
Streptomyces griseoruber DA04417, SYEZ A0
RHmABUEUKI, BROBOCHEI BRI, £
PR SUR R RN SV R Ay = e S hes 3
555 18 (Streptomyces viridis) T r= st a0 £ fa
TEMERT KRB, AR RIERRKATRE , 1A R
PIXTHEARAEEEN . A58, Q2N-42 Al
XA4C-5 Fr A py ik o 0 R M B a6 0 R TR A AL
R JESR A E e pH /R T BRI RS E
PE, WORPRER 5ET AL AR T REEA
ANE B SE R FIVE T . 4020 X0 T A € 3R 1) 70 - 24
AL BT T 20O RAE, MRIRLLAEIE Ry
Ik X ) W WA e, ) 20 S W T R 4 3R 1 TP
A—-OH. —CH; #l C=C FIREMERE M. AT ABITER
B, HAiEamRmEa, a6, EaFaREHE
ARG AT TR I (O R LTI
[ 1632 em' 4boh C=C 4R HREN, JRIFAYFEAE
W AR IR R R AR, A S
T ARG R A — 2 01 H

Chakraborty 55 I P L bR 53 8 31— R LR
W, AR AER, YA . By anT,
2 3 WPRIHALE, HEFE. RMANTE TR
15 11 5 €0 1B 2 0 0 3% 0 A R L I R A )
(R G S AL i 60 208 IR, PRIk
Ao, LRGBS MR R A AT
Pk, ETREGNMAT RN, M —
A B HAL P 5 M I A 7 2 Ve
4 g

NAC I i A TR R o B — R il L
R Q2N-42 Fl— k™ W 4t (0 (0 R I & A
X4C-5, 4 16S rRNA BHFHI53H7, 43505 K
6, i 28 T (Streptomyces  coelicolor) 5 25 21 5% B

(Streptomyces violaceoruber) Fll 3% 7 i 7 5% 5
(Streptomyces pratensis)F %= AR 3 PFZR
PRI €8 3% 7 B ) A2 B IR A RIS s, e AT T
A BRG] B IEGR . ERREFI R pH O #R
R RIFRIRENE: PIRh R s IS
T—OH, —CH; fl C=C iHFMHEH]; W6 E RIS
O ZRBL A ORCR I B2 IR 520
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