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Abstract: Keratinophilic fungi are those species that can degrade keratin and utilize keratin materials
as the only nutrient source most of which belong to Onygenales, Eurotiales and Hypocreales. Since

these fungi are widely distributed in various environment or niches, and have many varieties and
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nutritional diversity, more and more methods and techniques have been developed for investigation and

characterization of these species. In order to promote the understanding of the current status and

research shortage of keratinophilic fungi, this paper defines the keratinophilic fungi, organizes their

taxa, introduces three main research methods, summarizes their applications in feed, leather, medicine

and agriculture, and as bioindicators. Finally, we summarized research directions of keratinophilic fungi

in the future work.

Keywords: filamentous fungi; keratin; application areas
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WEfr B T B fEcbRi A, BN
IR e L T A EL A AT R AR BE T R LT
T, TG AR R 1 ECRUZ AR BT A BEAS LU A A
FEOBEBE N RN SR IR, SAEAK
SRAI 5 T MR R AR FL T Blyskal JUJA
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M ECE PN UARSR, BN R
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g, FATINE Calin 5095 €, KrEMEN
R S N — e b 45 b A R o, I RE A
A0 28 R SR — s U ) L PR R0,

) BARURENERRH

EMENERES M Z, CANAHE. #%
W ERE . B . ELEh Y A L B
Wy 1= B S B A sl W A A XS5 - v A B R
WM, RZHRE T &M% & (Chrysosporium
Corda) ., B#%E 5 J& (Pseudogymnoascus Raillo)
M %2 % J& (Geomyces Traaen) . %t J] I )&
Hh % J& (4spergillus P.
Micheli) . & %% )& (Penicillium Link) FlEE#S 7%
(Alternaria Nees)ZE122131 Ak A L FEK
& %% J& (Gongronella Ribaldi) . /) 58 81N 5 &
(Cunninghamella Matr.) 5§ 7] [% fif £ & 1 09 4
WP ZE b, EAEALERRSRE T T
PEH [ ](Ascomycota Caval.-Sm.), For X PIJINH
B H (Onygenales Cif. ex Benny & Kimbr.),
WL 7 H (Eurotiales GW. Martin ex Benny &
Kimbr.) Fil A & 5§ H (Hypocreales Lindau) & F
(& Do

(Fusarium Link) |

2.1 NEEHE R H(Onygenales): €HER
(Chrysosporium)FA 7 Bk 8 = 2 8%

SREEE KRS ERE, RBEA
fETMERER . 268, HEMEYERE
T AR A BRI S B HE S I AL 2 R i
PR BFgE R, B 4 #0 %F (Chrysosporium
indicum Garg). W&l 42 (C. keratinophilum
D. Frey ex J.W. Carmich.) . | #§ 4 1 %
(C. asperatum J.W. Carmich.) Fll #47 4 1 5
(C. tropicum J.W. Carmich.)fg A A\ ) B & ol & 2
PIBAE NI AR BT A 2T A
EBRALFIVIGE&WEL[C. georgiae (Varsavsky
& Ajello) Oorschot]AE+<, (HIH R LI £ N ik
AR,

B JRBE TR A B R AR S A R R s
avE R, M)z, M. BAESE
ARG R . BT IXRIR I MR R A&
FIHZ, g d oy mg i w . BT
HEBEARAWT A JE, B2 AW E S EY
Pl EHT 2 2SR 2, Rk
i TR 32 B8 #R 9 A B (Adrthrodermataceae Locq.
ex Currah) ELE HHAGFRA DL, 2% B R R
Malmsten) . % J¢ % &
Sabour.) . /) i ¥ J
(Microsporum Gruby). #%JE7%% 1 # J& (Nannizzia
Stockdale) . 7 % T J& (Arthroderma Curr.) |
Paraphyton Y. Gréser, Dukik & de Hoog .
M % &
(Ctenomyces Eidam). Guarromyces Y. Griser &
de Hoog 3£ 9 4™ J& 4 i [*¢%1,

BRI . 3R BE PR AN TR I L
R BT . g N LI B R [ T. rubrum (Castell.)
Sabour. /& 4Bk K bR R R U0 SRR A
i T. rubrum complex )7 —3 2SI L0 B

(Trichophyton
(Epidermophyton

Lophophyton Matr. & Dassonv. .
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Table 1 Some common keratinophilic fungi and their preferred substrates

W& ffi 25 11 EL 1§ Keratinophilic fungi ff 85 F1 3L Keratin SCHK K P References

JNH FE 2B H Onygenales
B[ 4 {8 Chrysosporium indicum £ &k Hair [36]
PaF 4B C. tropicum 3 Feather [37]
W& i 4 1085 C. keratinophilum £ & Hair [37]
WM 4% C. asperatum E & Hair [38]
Trif4 % C. georgiae P Feather [38]
X )W Trichophyton gallinae 3= Feather [39]
KRR T. mentagrophytes K BB & Guinea pig hair [40]
T. ajelloi ) Feather [41]
T. schoenleinii £ & Hair [42]
T. simii 2 Skin [43]
IETERER T rubrum Ex&, W, PIE Hair, fingernails, feather [44]
ZURR SR Epidermophyton floccosum JZ i Skin [45]
RINETF T Microsporum canis 2 Skin [46]
FERE/NETFIE M. gypseum Hz ik Skin [47]
B/ NETF T M. fulvum ) Feather [48]
Nannizzia gypsea JZ ik Skin [49]
Arthroderma benhamiae 2 Skin [50]

WU H Eurotiales
TR E; Aspergillus fumigatus M€ Feather [51]
M A. niger J]-E Feather [52]
%R A. flavus 3)=E Feather [53]
A EE A. parasiticus 3} Feather [54]
K8 4. oryzae P Feather [10]
Aspergillus sp. P& Feather [55]
W A. tamarii 117E 7 Goatskin [13]
7 R B Penicillium chrysogenum P& Feather [56]
DR JBIEH T P. marneffei 3J=E& Feather [56]
Penicillium spp. FHEL Straw [57]

W H Hypocreales
WE R AKEF Trichoderma harzianum P& Feather [44]
WReE AR EE T. atroviride 3] Feather [58]
LXK T. viride s 2 ik Animal skin [12]
WO E Fusarium culmorum ¥ E Pig hair [59]
TELT 8k I F. lateritium ¥ Pig hair [59]
Fusarium sp. 1A Zh¥) B Bk Animal skin [11]

HAth Others
Aphanoascus fulvescens P& Feather [60]
Absidia sp. £ & Hair [37]
R 22125 Candida parapsilosis P17 Feather [61]
Doratomyces microspores ¥3% B¢ Pig skin epidermis [62]
Entomophthora coronate E & Hair [37]
Gymnoascoideus petalosporus E % Hair [26]
Onygena corvina 3B, EX, fi Feather, hair, corner [63]
RERIH B Paecilomyces lilacinus 3)=E& Feather [64]
D RBIEIE B P. marquandii B, ffi Hoof, corner [65]
7 5 Scopulariopsis brevicaulis PIE, BR, LT Feather, hair, goatskin [66]

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



296 A 2 E AR

Microbiol. China

W (T. violaceum Sabour. ex E. Bodin)rJ 5| (A7
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DAY 25 N FN/EC S 10 B KR TR, RE 8 | A R
B BRI, T, benhamiae (Ajello & S.L.
Cheng) Y. Gridser & de Hoog (I Arthroderma
benhamiae) "] H K MUY LESERIEMETF
JE IO

2.2 ®E & H(Eurotiales): HZEE(Aspergillus)
#nE B & (Penicillium)

g Jm B I AR T R SRR AE
WA, RRAE TS Z R B ISR BT,
R B AA SRS R T, Rt &
o W 1 B 1 TR LA VR N I v U
R AP, M E (Aspergillus fumigatus Fresen.)
TKF1 Bk, BB (4. niger Tiegh.)., HHI%EE
(A. flavus Link) K-03 ik, KHHEZ[A. oryzae (Ahlb.)
Cohn] nrrl-44 [& ¥k 1 2F 4= #h 2% (4. parasiticus
Speare) &5 AT # KA P B R R 1102292319631
B A EAOK IS nrrl-44 RIS RN IE
o R RN,

B AR A TR 0 R B TE AR AP I
Az, HFEAE R AL, e
fFE C. N AP SEAEN I ZFhoCE aERT,
SR T H rh — SRR R ] A T A 2 A D e — B A
U5, 8] 4n ;= B85 %5 (Penicillium  chrysogenum
Thom)FI /R Je
Capponi & Sureau)?®®,

T (P. marneffei Segretain,

2.3 A EE & B (Hypocreales): $& T &H B
(Fusarium)¥1 K E & (Trichoderma)

PR E R R B REZ — 7
R, %8 A ek ] B8 [Fusarium  culmorum
(Wm.G. Sm.) Sacc.]. #&ZI4k JI B (F. lateritium
Nees) Fl7ii 9 8 J] B [F. solani (Mart.) Sacc]fE
W Y BR BT b SR B e 1Y AR R A R
Jy B339 - Calin SRS & IO D T A kX
ANRIZE R e Y HAT R AR AR, T H R B R
U B 0 B B TE AR R A 7 A B B R
ki b 3 o BLAT — s v AV U

R B R FL R W AR T 2 R B
KU W Y K B (Trichoderma  harzianum
Rifai) HZN12 WEEFTREEARE(T. atroviride P.
Karst.) F6 PR ETE P B A m P A K i B A
SR I SIS A, S KRB (T, viride
Pers. ) BB T e il it b A b g B B 12

3 RATHEWNARALE

3.1 ATIEFRERK

Bl A 0 e A A7 1 SR IR B O S AR R
e, 0 H A SRIREE R | SR pH bt A
]2 AR fb M ek s o SR N T RE R 5 57
FE DA E, AR RUE YR
T RIFMWAERKEMSE, SETAKZEWHE
PIE ARG A B A 3R 5 A, SRR P2
BT ENERYIRA TS, ARBEHAEA
FEER 8 S m s, DR E AT A SRR iR A
KR EE R U0 H R A
X2y 12 JRREI BTk, AT T Y 85
FRIEV . AR SRR R TR R R
[Fi) 5 %) I S B EL AR I R B TR MR W I R 5
k. wE B R EHNE SRR, Hp A
K. HE. FERATHEMEAOERNESE
(F ). BRI, BFERM, HIEMENEREA
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REME R Le R U E A, . FAAKE
KABEE BTG W(C. georgiae), 3Kk ik
(T. gallinae) A~ REFI FH N BIK BB & 19 ff 48
PP SRR N, AT AR PR A — S B B X A
H AT B G A BT B, A [ ke 5 Y £
Birh a-fE I (E AR R B-AE N
(& S/MUEEH 2R . NZA TR 22 2 IR 5% ) 24
B A B A AR . Ulfig 38 i 7EAS TR R 1%
BB RIFEE, e TSR R XGR
IR ) 25 11 L TR AL B A5 i 2
3.2 BHRIESRIE

AR EAE, A IEA | A 3R
TEg . AR, SRR IE A AR O LA A 8
FEEAEYNER, LG FRIEZm T 4
VI EAE . BEAREE SRIL R 48l o R A D)
R 9 BAESC B W8 3%, A for 5 5
SR A SR PO A B TR H AR
BT B R A o IRIEAS T ik
AP AR BRI RS, AT B
HAR S TR 9 . BT IR IR, Bie
RIERRYTE . SR . Trap AR . I-Tip
HOR S e AR SFHOR R XS 5 A W A8
B s SR E ™ T AR T A T
WAy Bt R AL R e i, ik e g s o
AR T S N B 2R, IR D)
VEARK IR FR e R i M R TR B T
ARG, TSR . RUE M SIS, 4
BRI LA F ISR, HXTE
A B 1T U 1 IR K T 4 v R A A A 2 1 TR
Py A AR S
33 AFENMFERZE

AR, 2B oA A R K i
J¥ (high-throughput sequencing)$i A F L FH, Xig
£ 8 EL A A TSR A A T IR 1Y R
Wl o A3 AR 5 vk i T W8 A 2R 1 LT R A0F

GRS B, ) T TR — 25 TR
K RO S B W T E AR R
Geop R R A h B2 R Ay FRORIR
J&, Rl I R R O BE A E R URE A
A PRI WAL BRI AR P 91, AN
BIR X0 B A Gl A W B 5 SR T 45 32 5 7% . Hamm
SEPOH I Nlumina W57 54006 8% 77 (14 7 100 45
7, MTRESRGE AR A Y 45 1
FIAR B - 38 v g oy 36 3 LR AR L i s a0 A
LA P s AT THRSE, UESE T iz X R ik
TR F ARG, TEEAK AR B R . BEE
A POR A TR MER ER BT, %8R
PR A A7 A1) 2 I AL AR 22 I B . Kang 45
BT R AN A Hr i 1 BUE 1Y A 8 A A2
SRR, RIS U R R IR A R
fE AR SC A ACITE I, B /R T A R B AR AT G Y
EAREC R P,

Wt 5 W A 3R R R O A B K
JB, R ZETE I BB A R AR AL, Ok
B E RSO AR TEEE T
AW OTIE R R R, Ve A EE B R AR AL
] LR T AT, R AR N AT A AR T 4 3
NEER MO,

4 FREUEEWAA

Wl B U R A, SEMENILN
SEHE T VS S o PR L0z . PR R B
it ) B E I (Fusarium sp. 1A)REF" %t sh¥) jz
ok ELA RS P A A R Y, DR AR R AT
M 7 R BT P T o AR A A
ARG R AR P b 1 e K 4l v i A KR e AR
M BRARED AT ADRMY; tf
WZJE RN T AT i iE, RIS R
HEEAO . Tl F#RA R MR 11,
JIH A 9 1 H 4 0075 Js i A ™ P R 90 o i
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LU, A A o R Y 20 I Y BE
AR B R T R T, ] T AR 2
Py 4 1 ag A YD RE A ROR AL B RS R gl L,
PR mT T A o B A 2 s v B A s
wN Nz, EEDL . B BEE
Pk . AEYMER . PRETE R S AR A Y
I EN T oK B BB T A e A IS
JI 7 e ML R AR S R e i = L
AR — AR, W HH%(A tamarii) 2 ¥i
L2 R By IR v 1 s v et R
il 1 P B OK - s F A R R AR R R H
WRIH B ELW, B Piia kR, —
St Lt R ) 2R 1) L TR AT A ZE AR ARPY
RS E AR N AT RN, HR
H PR SE ACUF e RO TR iz v, UER T RE A R
1 L HA A e A SE FHAMEL(RE 2)o

5 k%

R H AT, VA R E A R B X
ANl A S - b XA R, i .22 0 9 i e

*2 RAEREERINMNAZLA

AEM B . O T ARBERE T A, e
WFFE G RN R . HRTE A E A E R
AT oE EEE R T =J5ih . (1) ZRERE TR
(8 0 A MUET 73 28 FOCHYARIE 5 (2) 7 A A g
KW ARAFIEAL s (3) S0 EE F BRI A 2 L4 A
BLHI AR AR5, SR Xt g 26 11 L R 2R
JTCH 9 TR R 1 AR 22 B JIRARE et A R TR R Rl 22
BB R RHEBT L LUT ooy REEL T O IR
JEAE , FEN PR 2R AL G ) B it K I HLA
H I BIREAEBLE] 3 ARR I . A ROBEFE o]
T REMECE Y E A B el B
L g AR LT R B OIIE, WX S FR
BRI RGE LT HAL, 456 )
A AR SE N 04, S — >SS BT H AR Y
BT ERGE, o BUAE R IE B2 W AR T 2
PERR2A AR

R E A ER 1 RIS M AR AT S
T —EWRCR, HEE A SHERmA, 1E
A HAEMER T RREGS . R &g MR
LR P A A R AR B RTRRE , R 2 R

Table 2 Examples of the application of keratinophilic fungi

I W 1 LA 275 Sk
Application Keratinophilic fungi References
Tk XPHB AT VAL B, YNSRI ke . B/ ME TR [10]
Feed production BRI Aspergillus oryzae, Microsporum
Biotransformation of feathers into feather meal as an fulvum
alternative protein source for animal feed
KT X B Ik B R A Fusarium sp. [11]
Leather industry  Good activity on animal skin
7 A R A T O L B AR s A e 4 e i e R [95]
Complete degradation of goat skin fat glands by the Scopulariopsis brevicaulis
production of keratinase
B 5 B T R ORI, A TR 32 40t I KA TS [16]
After hair removal shows clean particle surface withno  Trichoderma harzianum
particle damage
BB AT o RTE [12]
Dehairing of animal skin specimens Trichoderma viride
(1548)
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23 2)
ZBRIN R B[R] S 1 B SR Y 5 B PR A T [13]
Removal of goat fur and improving the strength of the Aspergillus tamarii
leather
] 53 VB REA A R ) B R T 5 1 T g AR I A B [92]
Medicine The secretion can effectively inhibit the activity of Chrysosporium keratinophilum
dermatophytes
ST AR REAS 1] 25 11 B AE Bhd, Kkihd [17]
Ethanol extract can inhibit protein denaturation Aspergillus niger, Aspergillus oryzae
43U R E 11 TR 2R B 8 ) R Aspergillus delacroxii [18]
Secreted echinocandins can effectively inhibit fungal
activity
ol A g THIIRD T 19 & LU A g A AR [11]
Agriculture Beneficial to the germination of plant seeds and the Trichoderma asperellum
growth of seedlings
A=W R RS AR [96]
Biological herbicides Purpureocillium lilacinum
ok I HE ) AR TR R A B [14]
Garlic white rot biofungicide Trichoderma harzianum
X 7 2 HE I B IR MR AT [15]
Control of basal rot of Ganoderma lucidum in oil palm Trichoderma harzianum
Vi 9 A= Wy B i T el B AR Hh B R CiiiE [19]
Reduction of toxin concentration in corn kernels as a Aspergillus flavus
biocontrol bacterium
P AR i e R R AR K R Rl [20]
BRI W, 0] B R Aspergillus niger

Feather hydrolysis products showed significant effects on
plant yield and yield components and growth and
development, and also prevented plant diseases

AR T SR 128 B4l R 9 2% HUBCR ity AL eg [93]
Insecticidal effect of metabolites on the larvae of the Chrysosporium tropicum

burned-out Culex quinquefasciatus
Pk dUE BZR5 10 R A 0 T b REME 5 [97]
Candidate strains for integrated nematode-resistant pest ~ Paecilomyces lilacinus

management
E7/ 574 UEvSE 7/ LA Rl PO Rl PN i [21]
Bioremediation Removal of heavy metals as biosorbents Aspergillus niger
ZINTFRETS e A MBS ) I T Je R [98]
Candidate strains for bioremediation of Scopulariopsis brevicaulis
PAH-contaminated soil
oAt 7 A RSSO T D REE £ U T N HE [22]
Others Production of fermented substances for functional food  Aspergillus oryzae
applications
FETHER P AR AR ARG R E R Phialophora sp., Geomyces [94]
5! pannorum

Obtaining important information on the
palaeoenvironment of northeastern Siberia based on its
gene sequences
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KIVER o FEARE SN A BT — P s i
BEMTERFAET; Nasipuri 551 £ 1 20 18 A=
HIhResr, HMEOREERE T LRIE R Y-
P T 30%, ANIE TR AR AR K A = X A
B B RS R SR A L BB A 7 4
A EZ S, — oA S A B A K
AU, W8 R AL AR YE RN 2
VEFDRE £ 28 1 BE B e ity 2 R . IR BB 1 55
Py st ARIL R o R B . R R T B 1 A
PRI REREOL T B — TR PR 0 VR LEAIL 1 ] BE W0 S ik
LBk et ik, o nT fE A W B A T 12

ﬁ’ﬁﬂM%%?ﬂE"JﬁlEﬁﬁiﬂyJﬁﬁﬁﬁﬁﬁZ
(] (8 P TE HATE (58 SCMWR 33 A 51 22 8] 1Y) 57 31 43
T)HATIRE , TR A 5 AL K B A5 A
A K A T A R A L SR HE R B . A, WESR
HIF KT e A TR B £ AR
A BRINRERE, AR BR T A Wy H R R IR A
fi4n, Minty SFEHI S EOT BRI AR I 1
W7 K W #F B (Escherichia coli) Fll B FG K 5

(Trichoderma reesei) 3= T RERY1 7Rl Kong
G T — i HERR O BRSO

F A BeA: 25 R GRS 2540, & BB AL
BRI PR AE A FR G AT A RS TR B ) S0 BT A 25k 1 Y
RARAE S RGE M sh 1120, Ak, TR AT

HLAE 178 22 KR R 0 v A R 1 A
ML, NG YRR AR ARV L e
HEVE . BIHEAARBR A SRS S, Xk — N
P A A 4 A B O R B R AR AR B 48 U0
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