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Study of microflora composition of highly efficient bacterial strains capable of degrading pig hair keratin and
the effects of degradation

DU Dong—xia, KONG Li-hua, LIU Hui-zhi", YIN Hong—mei

(Hunan Microbiology Institute, Changsha 410009, China)

Abstract: This study aimed to enrich the microbial resource pool of porcine keratin—degrading bacterial strains and provide technical
support for the generation of effective degradation products from porcine keratin. In this study, an enriched, domesticated culture method
was used, where pig hair keratin—degrading strains were screened from soil using pig hair as the sole carbon and nitrogen source. A
combination of different strains was used to prepare combined flora. Three strains of pig hair keratin-degrading bacteria with broad-
spectrum keratin—degrading capabilities were screened. The pig hair degradation rate (10 d) of three strains were 58.0%~65.3% with good
degradation of chicken feathers, goose feathers, and wool. Three highly efficient strains that could degrade pig hair (strain numbers, E-2-2,
E-1-4, and E-3-2) were identified to be Bacillus licheniformis, Bacillus mycoides, and Streptomyces koyangensis, respectively. By
comparing and analyzing degradation effects of each strain and the different combinations of flora, an optimal flora combination was
obtained. The degradation rate of pig hair (10 d) with the combined flora was as high as 81.8%, i.e., 23.8 percent points higher than the
degradation rate with a single strain (10 d). During the degradation process, a large amount of soluble protein was produced. Furthermore,
sulfur in the disulfide bonds of keratin was converted to sulfur—containing compounds with sulfate being the main transformation product.
The synergistic effect of the different strains may greatly improve degradation of pig hair, and thus, has potential to be applied in the
production of amino acid-based feed.

Keywords: pig hair; keratin—degrading bacteria; combinations of flora; soluble protein
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Figure 1 Screening of keratin degradation strains

®1 AEOKBEKNER

Table 1 Diameters of keratin degradation strains

[y B EE (D) HvEHAZ(d)

. . . . Did
Strains  Transparent circle diameter/mm  Colony diameter/mm
E-2-2 24.6 5.6 4.4
E-1-4 19.8 5.1 39
E-3-2 25.4 6.3 4.0

2.3 BB ERBREENERIKE

SRR IR 1) 25 R B 0 0 AR AS (9 5 B A
BCRFa G HL R SOR T 09 3 BRI R , &N AR 1) 6
FEPEA(E 2),
24 SHEEMRBREENNE

I 18 AR A5 9 3 R A8 T o AU it DRI R L A 2 4
NHAHRE(CL: E-2-2,E-1-4;C2: E-2-2,E-3-2;
C3:E-1-4,E-3-2;C4:E-2-2,E-3-2,E-1-4) , %%
R IERB R 4 A A WERE, L BRI
T TR RR o CAROCR AT, 8 B AR 3(10 d) ik
) 81.8%, C1.C2.C3 W) 1% E B fif % (10 d) ¥ 1
69.0% , H AR R R4 & =z W) 22 5 w2 (18 3) , HoAf 2R
P15 B R S I AR O , 4 C4 10 A 2R 11 I 0 I
i, C4 5 HAB R R4 TRl 22 5 1 2 (F 4)
25 BHBERBEMNS FEERRELZENN

A3 3 bR R RO B R AR R (E-2-2  E-1-4 1
E-3-2) BT B 4T T MR (E5) . E-2-2
Vg R ETE W& ek, RIHER, WA 2K
FRAR P2 28400, 22 [ P . E-1-4 VR IRTE
FLE MRS A AT, R BB AR R KRR, B
vty , AR HES 22 YL BHME . E-3-2 1 P& /N T 2L

E—é ,E-3-2
H2 BERRE T

Figure 2 Plate confrontation experiment of pig hair

E-2-2,E-1-4

E-3-2,E-1-4

degrading strain

R2 B—EHEE JSE BE FENRBERRAZAEEHNE

Table 2 The determination of pig hair, chicken feathers, goose feathers , and wool degradation rate and keratinase activity from

the single strain

WE Pig hair 357 Chicken feather #F Goose feather & Wool
I%WF Feefi P Feefi 3 P Feefi 3 PR Reefige 3 i
Strains Degradation Keratinase/ Degradation Keratinase/ Degradation Keratinase/ Degradation Keratinase/
rate/% (U-mL™) rate/% (U-mL™) rate/% (U-mL™) rate/% (U-mL™)
E-2-2 65.3+0.5a 42.3+0.2a 94.2+0.4a 68.7+0.6a 92.1+0.3a 65.4+0.4a 52.6+0.3a 39.1+0.4a
E-1-4 58.0+0.2¢ 38.8+0.3¢ 88.6+0.7¢ 64.2+0.5b 87.6+0.3¢ 58.5+0.3¢ 45.5+0.3¢ 32.3+0.3¢
E-3-2 62.2+0.6b 41.5+0.4b 90.3+0.3b 60.1x1.2¢ 90.6+0.6b 63.7+0.5b 48.9+0.3b 34.6+0.2b

TE : Al — S B 5 AN R /NS B3R A PR ) 25 5 B 35 (P<0.05) . R Tl

Note:Diferent lowercase letters in the same column indicate significant differences among different treatments (P<0.05). The same below.
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C4:E-2-2,E-3-2,E-1-4,
3 AEEBASHEERME
Figure 3 Degradation rate of pig hair of different

microflora combination

701 a

H oo

60 ¢

501
401
301
201

A5 RS
Keratinase activity/(U-mL™")

101

C1 Cc2 C3 Cc4
T #2405 Microflora combination

B4 AREBMEAAHAERRE

Figure 4 Keratinase activity of different microflora combination

100

E-2-2

E32

‘W &

.

B5 BERBERNEERS

Figure 5 The morphological examination of pig

hair degrading strains

ST AR ) 1 A L X 45 5, A FH DN AStar 14 £ 5%
T I6SDNARGE K T W . HREYW, Wtk E-2-2,
E—1-4 FIE-3-2 53 51|15 {u A ZF AT (i [ Bacillus licheni-
Sformis (NR 116023.1) ], R 28 {0 #F 5 [ Bacillus mycoi-
des (NR 036880.1) | F14% %5 4 [ Streptomyces koyangensis
(NR 025662.1) 3£ 5 % A ficdlr , He Rl IR 3 i 99%
(E16). S5G HMIEAFAL AR A LRAE K R G K
BT Btk E-2-2 \E-1-4 Fl E-3-2 53 590 4 %
WA ZE AT 1 (Bacillus licheniformis) \EIR 28 0 FT
W (Bacillus mycoides) Fl £ B [# (Streptomyces koyan-
gensis)
26 BREERBEKREREERZEATNOH
TELIE B N ME— DR B IR RE IR 5L H G IR
e EE 7 10 d, 25 HETE R P 8008 B 25 W A5 2 [ i, %)
HR W=yt — 2 o W, e = e 17Ok
(AT R L VR R I 87 1.7 g mL [ AR
B ER R AR AR £R A S B S A S AL S,
PABRER L8 22, We BE 113K 194.6 pg-mL™'. 44 C4 1]
PR AL S YR s, AT S
TSRS, HER B (R 3).

o1 Bacillus licheniformis NR 116023.1

Bacillus licheniformis NR 118996.1

Bacillus sonorensis NR 113993.1
Bacillus cereus NR 074540.1

99

100

Bacillus mycoides NR 036880.1

99 E-1-4
{ Bacillus mycoides NR 115993.1
97 E-3-2
{ Streptomyces koyangensis NR 025662.1
Streptomyces sampsonii NR 112362.1
{ Streptomyces limosus NR 112279.1

6 FEEMMERE 165 DNA B RELEW
Figure 6 Phylogenetic tree based on the 16S rDNA sequence of pig hair degrading strains
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R AEAMBIEDTAEEAREMUAYHIRE
Table 3 Concentration of soluable protein and sulfur compounds

during degradation of keratin

SR CiReyiRe{=| TR ER WALRREE S
Micr(;ﬂolr_‘a Soluable protein/ Sulfate/ Sulfite/ Thiol/

(pg-mL™) (pgemL™)  (pgemL™")  (pgemL™)

Cl 770.6+21.4b 191.1+5.3ab  324+1.7a  21.5+1.8a

C2 748.7+15.3b 186.8+5.4ab  28.6+1.8b  19.5+2.7a

c3 714.8+16.7¢ 182.7+5.7b  26.3+1.9b  20.4+2.1a

C4 871.7+15.5a 194.6+4.6a 343+2.2a  22.8+1.4a

H:Cl1:E-2-2,E-1-4;C2: E-2-2,E-3-2;C3: E-1-4,E-3-2;C4:
E-2-2,E-3-2,E-1-4.

3 itig

2R FATE ST F N R F [ A7 78 A SR LI
(LRI A ) 45 Z Rk A, — 4R A 52 i B sk, 1k
JERGE , AN 5 Bl 1 B (R RS R
it ) 7K A L BRI 0 25 9 DR A R R RS SR T IRDEES ., A A
B Ak~ 7 T b B AR 2R AT BB AR R TS YL PR 11 B
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