(surfactant) SURFace ACTive AgeNT
(amphiphatic structure)
2 (hydrophobic) ' (hydrophilic)

(head group)

(hydrophilic) (tail group) ,
( hydrophobic) 1
(surface)
( )
(micelle) 2

OAAAA

(head group) (tail group)
(hydrophilic) (lipophilic)
(iipophabic) (hydrophobic)

1 (Margaritis , 1979)



(cohesive force) /
(adhesive force)

surfactant monomer Micelle

2 (Margaritis , 1979)

(Margaritis , 1979 ; , 2533)

Critical micelle concentration (CMC)
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(Davies Rideal, 1961)



(detergent)

.. 1940
1,000,000
(wetting agents) (enmlsifiers)
(defoamers) (detergents)
(plasticizers)
.. 1990
35

13

(foam boosters)
(solubilizers)
128

(biodegradable)

(low toxicity) (Clint, 1992 ; Fiechter, 1992 ; Kosaric, 1992)



( Biosurfactant)

(Microbial Surface Active Agents)

( Cooper ,1980; Fiechter ,1992)
( Gutnick , 1983 )
( Rosenberg

(Biocompatability)

(food additive)

Gray, 1987, Fiechter, 1992)

Sophorolipid

1987
A calcoaceticus
" (Emulsan)
, 1979 ; Banat , 199)
(digestibility)
(emulsifier)
(texture)

(broken fat tissue) (Kosaric

Torulopsis hombicola
(Inoue Ito, 1982)



( Evaluation of Microbial Surfactants)

(surface tension)

72 mN/m Corynebacterium lepus
72 mN/m 30 mN/m
Cooper (11980) Clostridium  pasteurianum neutral
lipid 55 mN/m

critical micelle concentration

( Cooper 1979) CMC
(Critical micelle concentration)
cmMC
CMC
1 CMC 4
4 CMC 0.067 mg/ml (Babu
, 1994)
HPLC (Lin 1993 )
surface activity
(interfacial tension) (mN/m)
(dyne/cm )

(Ol displacement)



60 |-

50 —

)

UABIFUAIIAT
8
I
o
o

d v

«
£ W |
10~
| | | |
10" @4x10" 10” 10° 10"
DILUTION OF THE BIOSURFACTANT SOLUTION (conc. 2.7 mg/ml)

4 Critical Micelle Concentration (Babu , 1994)

(Arima 1968 ;Cooper ~ Goldenberg ,1987 ;
Desai 1987 ; Morikawa 1993 )

(cyclic alkanes) (alkenes) (aromatics)

(Cooper Zajic ,1980)



1

(Kosaric, 1993)

Producing organism

R. erythropolis
P. aeruginosa
T. bombicola

B. subtilis

Anionic synthetics
Detergent alkylate
Dodecylbenzene

Sodium lauryl sulfate
(SLS or SDS)

CMC

Surface Tension
(mN/m)

37
29
37
21

4
37

Critical micelle
concentration ( mg/L )

15
8
11 (0.0 mM)

590 ( 1.21M )
2023 - 2890
(710mM)



? (Types of Biosurfactants )

4
1 ( Glycolipids )
(aliphatic acids ) 3
L1 (Trehalose lipids)
C6 06" -
hydroxyl oc-branched P-
hydroxycarboxylic acids mycotic acid 5
OHH 0
R—c¢ —¢—c-0OH
R
5 mycotic acids R r'
(Cooper , 1979)
Mycobacterium, Nocardia, ~Corynebacterium, — Arthrobacter
Brevibacterium nonionic trehalose lipids
(cell wall-associated) mycotic acids
60-90 ,  nocardomycolic acids 40-60
corynomycolic acids 25-40 (Parkinson , 1985)
corynomycolic acid trehalose diesters Arthrobacter

paraffineus KY 4303 Rhodococcus erythropolis DSM 43215 (Suzuki
, 1969 ; Rapp , 1979)



Batrakov (1981) Kosaric ~ Gray 1987
Mycobacterium  paraffinicum 2
nonionic 6-0-mycolyl-6™-0-acyl (C2CH-a, a-D-trehalose anionic 2-0-

octanoyH”-di-0-decanoyl-0-0-succinoyl-a, a- D-trehalose

Arihrobacter, Corynebacterium Nocardia (Suzuki
, 1974) (Itoh Suzuki, 1974)
2
sucrose glycolipids 1///2 corynomycolic
1 fructrose-6-corynomycolate fructrose 1,6-
dicorynomycolate Syldatk (1987)
Rhodococcus erythropolis
25-30 mN/m corynomycolates Arthrobacter spp.
33-40  mN/m Trehalose-6, 6r-dicorynomycolate
6 (Rapp , 1979)
(CH2n
CH,0—CO—CH—CHOH- (CH,)m CHj OH
.—_O —
( OH - ( OH
HO /) — 0 — Se=") OH
OH. cf@i CO—CH—CHOH~ (CH,),—CH,
(CH),
CH} m+n=27to31

6 Trehalose—6, 6 —dicorynomycolate Rhodococcus erythopolis



12 ( Rhamnolipids )
(rhamnose) 1 2 1 2
P-hydroxydecanoic acid ( rhamnolipid RL 1)
rhamnose 2 P-hydroxydecanoic acid 2 (Edward
Hayashi, 1965) 7

(acyl) 1 2

carboxyl Hisatsuka (1971)
(species-specific )
p. aeruginosa n-hexadecane
p. aeruginosa
n-hexadecane P. aeruginosa Bl
n-hexadecane , n-paraffm glucose 30°C 6
2-0-a -L- rhamnopyranosyl- a-L-rhamnopyranosy-p-hydroxydecanoyl-p -
hydroxydecanoate (rhamnolipid RL 1) (Hisatsuka ,1972)
2 (rhamnolipid RL 2) RL 1
2 2
1 L-a-rhamnopyranosyl-p-hydroxydecanoyl-p-
hydroxydecanoate 1 2
p. aeruginosa KY 4025 10%  n-paraffm 30°C 55
(Itoh , 1971) |toh Suzuki (1972)
p. aeruginosa :
1 2
12
D. aeruginosa Syldatk
(1985) 2 rhamnolipid RL 3
rhamnolipid RL 4 p. aeruginosa DSM 2874
(resting cells) 30°C
1



o]

|
g G—CH —CH;— C—0—CH — CH;— COCH

© HO /i | |
S (CH:k (CHal
| |

| I CH, CH,
OH 5 .
vo —° Rhamnolipid i
CH,
] |
CH CH o O—CH=—CH,— C—0—CH—CH,—
KO /i | |
CHy (CK,), (CH.)¢
| |
| | CH, CH;
OH OH
RNnamnoipia £

01y, N H-0-TD
Doy )

(H 10 y~—0 0-Ch- dy - cooh
Rhamnolipid 3

! 4 4 !

Pseudomonas  aeruginosa  (Fiechter, 1992)

1.3 (Sophorolipids)
disaccharide sophorose acetylated

hydroxycarboxylic
1 1

2 sophorose

(Gorin

p-carbon
, 1961) 8



Tulloch (1968)
T. bombicola alkane
(emulsifying agents)
10 mg/L interfacial tension
40 5 mN/m
(Tulloch , 1962 Cooper

CH-0-C-CH3 ch3

J 0 \0| CH
| OH
Hd
|
C —0—GEE 0 (CH)b
I
/ N
OH
OH
) C=0
8 Lactone Sophorose lipid

( Cooper , 1979)

Lactonic sophorose lipid
n-hexadecane

Torulopsis
Zajic, 1980)

Torulopsis

13
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2. (Phospholipids and Fatty Acids)
n-alkane
9
Cooper (1979)
Corynebacterium lepus 49 mN/m
(phosphatidylglycerol),
(phosphatidylinositol),
(phosphatidylglycerol phosphate), (cardiolipin)
(phosphatidylinositol mannoside ) Kappeli Finnerty (1979) (
Desai, 1987) Acinetobacter ~ sp.
hexadecane phospholipid-rich  membrane vesicles
Ristau
(1983) R, erythropolis alkanes
phosphatidylethanolamine interfacial - tension 1 mN/m CMC
30 myl Beeba Umbreit ( 1971)
Thiobacillus  thioxidans (wetting)

(disruption of cells )
Aspergillus sp.
(Kosaric , 1993)
(extracellular free fatty acids)

CiCy
(corynomycolic acid)  (Macdonald , 1981 ; Ristau
Wagner , 1983 )
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1
R'—C—0-CH
W
HZC—O—f—o—x
0.
9 Rl R2
X=H phosphatidic acid ; X = CH,NH2
X = CHZXH(NH2COOH ;X =
X =
X = CHCHOHCHXH ;X= CHCHOHCHAP 03
phosphatidic acid 2
1 3 (Cooper ,1979)
3, ( Lipopeptides and Lipoproteins)
Arima (1968)
(surfactin) (subtilisin) Bacillus  subtilis
0.005 %
0.IM NaHCO03 716 mNira 21.9
mN/m 1

p-hydroxy fatty acid 10
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(acidic substance)

(alkaline water) (methanol), (ethanol),
(acetone), (chloroform) (hexane)
CH,
PH—(CH,)—CHCH,C- L-Glu—L-Leu—D-Leu—L-Val—L—Asp
CH,
| L-Leu-——D—Leu
10 Bacillus subtilis
(Cooper . 1979)
(Cooper
Goldenberg, 1987) (Kluge , 1988)
(fibrin clot)
(Arima , 1968)
(spheroplast) (Bemheimer Avigad, 1970)
Roubin (1989) isocitrate
dehydrogenase (ICD) ICD
Bacillus sp.
Bacillus cereus IAF 346 monoglyceride

28 mN/m  (Cooper
Goldenberg, 1987)
Morikawa (1993)
arthrofactin Arthrobacter sp. MIS 38
3-hydroxydecanoyl-D-leucyl-D-asparagyl-D-threonyl-D-leucyl-D-leucyl -D-
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seryl-L-leucyl-D-sreyl-L-isoleucyl-L-isoleucyl-L-asparagyl lactone 1
arthrofactin surfactin - 5-7 CMC arthrofactin
surfactin 1.0x10 5M 7.0x105M 25 C arthrofactin
24 mNIm
orthinine containing lipid p-hydroxycarboxylic
carboxylic (hydroxyl)
1 12 viscosin Pseudomonas fluorescens (Morikawa
, 1993)  serrawettin - 2 Serratia  marcescens
1 Agrobacterium tumefaciens IFO 3058
Tahara (1976) ( Cooper , 1979 )
(cerilipin) Gluconobacter cerinus 1FO 3267
13 (Cooper , 1979)

CHICH26CHCHZCO-D-Leu-D-Asp-D-Thr-D-Leu-D-Leu-D-Ser-L-Leu-D-Ser-L-lle-L-lle-L-Asp

0

Arthrofactin

CH3(CH26CHCHZCO-D-Leu-L-Ser-L-Thr-D-Phe-L-lle

Serrawettin =~ 2

1 arthrofactin Arthrobacter sp. MIS 38
serrawettin -~ 2 Serratia  marcescens



18

HN—(CH,)—CH—c —OH

NH
R—%H—CH,—C =0
R—c=0
12 ornithing
R- (alkyl) (Cooper

0

Pseudomonas rubescens
, 1979)

HiN= (CI1j)3~CH—C—NH—CHj—cHj— 03

NH
R—CH—CH2C=0

JEO

13 cerilipin Gluconahacter cerinus ; R-

(alkyl)  (Cooper ,1979)

4. Polymeric Biosurfactants

(Emulsan)
(emulsifying agent)
Acinetobacter  calcoaceticus
polyanionic amphiphatic heteropolysaccharide
A, calcoaceticus

polymeric bioemulsifier

Arthrobacter RAG-1

Rosenberg (1979)
15%

(deprotienized emulsan )

700 crVg

980,000



19

N-acetyl -D-galactosamine, N-acetylgalactosamine uronic acid unidentified N-
acetyl ammo sugar
10-15 %
14
CH3 C\H3
(CH2 1o (;:HZ)G
HzC/\ HO\C\/’A|
;ZHZ /CHZ
o*c\ O=C\0
H H
NH 0 HZC/ 5
VA TN TR
£ - .
At T
0=C
\CH3
14 emulsan  biopolymer
A. calcoaceticus  (Rosenberg , 1979)

Polysaccharide-protein complex

A. calcolaceticus BD 4

BD 413



Mg2
(Sar
Rosenberg, 1983 Desai, 1987)
Polysaccharide-lipid complexes
Candida tropicalis
(Fiechter , 1976
Desai, 1987)
Liposan Candida lipolytica
liposan 83% 17 %
galacturonic ( Kappeli Fiechter, 1977 )
Bacillus - licheniformis
Bacillus licheniformis
(aerobic) (anaerobic)
35°C 45°C (10%
NaCl) Bacillus licheniformis
Bacillus subtilis
isoleucine leucine (Yakimov

, 19%) 15



Bacillus licheniformis BAS 50 (lichenysin A)

2 CMC
lichenysin A 12mg/l CMC surfactin - 25 mg/l
Bacillus licheniformis
(Lin , 1994)
(oil displacement)  (Morikawa , 1993)
lipopeptide Bacillus licheniformis 15 16
Bacillus  licheniformis (defined medium)
(oxygen limitation)
30 mN/m
40 -~ mN/m (Jenny , 1993
Javaheri (1985)
Bacillus  licheniformis
(yeast extract) (NaNQj)

C2—CIp~hydroxy acid—Glu—Leu—Leu—Val—Asn—Leu—lie

15 lichenysin A Bacillus licheniformis BAS 50
(Yakimov , 1996)
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R, = (CH32—CH-
Rj4(CHA8CH-CH2CO—Glu-Leu -Leu -Val R2= CH3—ch2—ch?
; . R =(CHJ2CH-CH2

i — Leu— Asp  Ré= CHICHACH(CH-

0

CH3CH2CH2(CH)1CH-CH2C-L-glx-L-leu-D-leu-L-val-L-asx-D-leu - L'val (-a0°/; ~
(CHJ(CH) O I

16 lipopeptide Bacillus licheniformis
() lichenysinC Bacillus licheniformis  (Jenny , 1993)
() BL86 surfactant Bacillus licheniformis 86  (Horowitz
Griffin, 1991)
Syldatk Wagner, 1987 ; Desai , 1994
4
L ,

Corynebacter sp.
midexponential  phase ( Gerson
Zajic, 1978)  Gutnick (1980)
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exponential - phase
Arthrobacter paraffineus ATCC 19558

hexadecane
stationary phase
aspartic acid, asparagine, glycine glutamic acid mineral salt medium
(Duvnjak , 1982)
2, ( growth-limiting
conditions)
(multivalent cations) Pseudomonas sp. DSM 2874
n-alkane NH4 NO3
(Syldatk Wagner, 1987)
T. apicola stationary phase
(Hommel . 1987) , (multivalent cations)
Fe2 Mg2 Caz rhamnolipid Pseudomonas sp.
(Santos , 1984)
3, (Resting Cells)
Pseudomonas sp. DSM 2874 n-alkanes
6.6 37
(Syldatk , 1985) ' R3 R4
(Syldatk Wagner, 1987)
I .
(Precursors) sophorolipids Torulopsis magnoliae glycolipid
Torulopsis bombicola lipophilic
(Tulloch , 1962 ; Cooper

Paddock, 1984)



(A) Glycolipids

Trehalose lipids

Rhamnolipids

Sophorolipids

(B) Fatty Acids/Neutrals Lipids

Fatty acids (FA)
FA+Neutral lipids

© Lipopeptides / Lipoprotein

Arthrofactin
Peptide-lipid
Serrawettin
Viscosin
Surfactin

(Desal

R. erythropolis

N. erythropolis
Mycobacterium sp.
p. aeruginosa
Pseudomonas sps.
T. bombicola

T. apicola

C. lepus
N. erythropolis

Arthrobacter sp. MIS 38
B. licheniformis

. marcescens

p. fluorescens

B. subtilis

24

Desai, 1994)

(mN/m)

32-36
30
38
29

25-30
33
30

30
32

24
2
28-33
26.5
21-32



(D) Polymeric surfactants

Lipopolysaccharide
(Emulsan)
Protein-carbohydrate

Mannan-lipid
Carbohydrate-
proL- lipids

(E) Particulate Biosurfactants
Vesicles

Fimbrea
Whole cells

(MN/m)
A. calcoaceticus
C. petrophilum
C. tropicalis
P.fluorescens 21

P.fluorescens
D. polymorphis

Acinetobacter sps.
A calcoaceticus
Variety of bacteria

25



Emulsan

Sophorose lipid

Fructose lipid

Surfactin

Trehalose lipid

Biosurfactant

Arthrofactin

Arthobacter sp. ATCC 31012

Torulopsis bombicola

Arthobacter paraffineus
ATCC 15591
Bacillus subtilis ATTC 21331

Arthobacter paraffineus
ATCC 15591
Corynebacterium
hydroblastus ATCC 15592
Arthobacter RAG 1

Arthobacter, Bacillus,
Corynebacterium, Nocardia,
Pseudomonas

Thiobacillus, Bacillus,
Nocardia, Pseudomonas

Arthobacter sp. MIS 38

(Kosaric, 1993 )

Biotechnol. Aktienges.,US
4,276,094(1981)

Kao Soap Ltd., DE 2,938,383
(1980) ,DE 2,834,118(1979),
Jon. Kokai TokkyoKoho

EP 005004(1983X8192,786
(1981)

Kyowa Hakko Kogya Co. Ltd.
DE 2,440,942(1975)

Takeda Chemical Ind. Ltd, US
3,687,926 (1972)

Kyowa Hakko Kogya Co. Ltd.
US 3,637,461 (1972),

DE 1,905,475 (1970)

Gutnick, D., Rosenberg, E. DE
2,415,897 (1987)
CPDL, CA 1,114,759(1981)

Phillips Petroleum Co. US
3,185216(1965) US
2,907,389(1959)

US 5,344,913 (1994)

26



sophorolipids
sophorolipids

Rapp
R.erythropolis

2,
(catabolite repression)
calcoaceticus
Duvnjak , 1982, Hisatsuka
1981)
3

A. calcoaceticus RAG-1
(amino acid starvation)

p. fluorescens
1984)

(Rosenberg

21

Tulloch (1962)
T. magnoliae

(1979)

(primary metabolite)

Acinetobacter

A paraffineus

p. aeruginosa
( Zajic , 1977
, 1979 Kosaric, 1993)
B. subtilis

(Cooper ,
, 1982 ; Santos ,
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11

Corynebacterium  hydrocarboclastus
R erythropolis

( n-alkanes) €1 €4 €0 €8
Acinetobacter sp. (cyclic)
(aliphatic) n-alkanes
€0 €T (Ristau
Wagner 51983 ; Zajic Gerson, 1978 ;  Rosenberg , 1979)
Perra (1989) p. aeruginosa 44T 1
n-alkanes B. subttlis (Suf-1)
3 (Mulligan
, 1989) Arthrobacter  paraffenium  ATCC 19558
(stationary
growth phase) ( Duvnjak . 1982)

Corynebacterium  lepus
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30 mN/m 55 mN/m
Corynebacterium  lepus
(cell bound)
Acinetobacter sp.
(cell bound)
Arthrobacter sp. 75 %
cell bound

( )
) JJ 1 Sl ' (extracelldar)

Corynebacterium lepus  Pseudomonas asphaltenius  Candida
lipolytica Acinetobacter sp. (Desai, 1987)

1 2

Robert (1989)
Pseudomonas 44 TI

30
58 Mulligan Gibbs  (1989)
glutamine  synthetase
p. aeruginosa RCII
(repressed)

ratio)



(Ristau

10
18

Kosaric, 1993)

13

Fe2 Mg
Pseudomonas  sp.

- 1981)

30

Wagner , 1983)  Santos (1984)
p. aeruginosa
(stationary growth phase)
(resting cells)
(CIN ratio)

R. erythropolis

(Ristau Wagner 5 1983 ;

Rhodocaccus — erythropolis

erythropolis
, 1987)

Santos (1986)
Caz
B. subtilis
(Cooper
EDTA
Mycobacterium  smegmatis Rhodococcus
(Kosaric



sophorolipid

cyclization

2

1

T. bombicola

aeruginosa DSM 2659

(Santos

2.2

(degree)

- 198)

(levels)

31

( . 253%)

Pseudomonas sp.

Pseudomonas

6.2-6.4

(fatty acid branching)
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A. paraffineus ATCC 19558,  Rhodococcus erythropolis
Pseudomonas sp. DSM-2874
Pseudomonas sp. DSM-2874  (Santos 1986: Kosaric
, 1987)

2.3

( , 2536 )
Sheppard Cooper (1990)

B. licheniformis (semiaerobic)
(aerobic)
(anaerobic)  (Jenny , 1993)
(2539) Bacillus subtilis 3/38

Jenny (1993) 2% 0.2 %



33

342
’ 85 7
(30+2°C) 200 24
12 21
33 20 (£2)
14 " (il displacement) 3
(hiodegradable)
(product-recovery)
(Kosaric, 1993)
Peat pressate B. subtilis ,  Urban waste

, lactic whey soapstock oil
p. aeruginosa DIO  (Mulligan Cooper, 1985 ;
Sheppard Mulligan, 1987 ; Mercade Manresa, 19%)
Mercade (1993)
(Olive oil mill effluent, OOME)



0.058
COD 50% 12
(Mes-Hartree ;1983 ; Paturua, 1989)
1
(p-D-glucopyranose)
P-14 1
(unbranched polymer)
(aH,A),
(Qum) (tannins) (colouring matter)
(Greulch, 1973) i

(Intra molecule H-bond)
3 (ring)
(Inter molecule H-bond)
6
18 (Nisizawa, 1973)

1,000 10,000
(Tsaso  Ching, 1983)
(fiboril)
(crystalline)

(OOME)

34
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11
12

13

heterogenous

Kirk, 1983)
30-50
P-1,4-xylosidic

35

(fiber axis)
(amorphous cellulose)
1 ,
3 (Paturua, 1989)
(a-cellulose) 175 %
(P-cellulose) 175 %
(y-cellulose) 17.5%
(pentose)
(Paturua, 1989 ;
2

(Biely, 1985)

/
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(Greulch, 1973)

36



37

=:0H CH,OH OH

lit 18 uamsdnvaznsdaisssdaveaniionglaaluaglaa (Nisizawa,1973)

AuazunIid

A unsada la

ﬁl 1 o = o
i 19 uamsdauveuvaglaafuifundnuazivag lanedugiu



b - (
40- - 40- - -1 4-
( ) (Dekker Wallis, 1983)
3
(methoxyl group -OCHj), (hydroxyl group)
(phenolic) “ Methylated phenolic compound”
(agricultural wastes)
4
(cellobiose) (Oligosaccharide)
2
I} (Chemical Hydrolysis)

2 (Enzymatic Hydrolysis)

38



Peanut husk

(stalk)

ND

51
408

408

45.0
20.74

4381

1529

AN
25.9

264

10.0
ND

ND

ND

5.9
179

229

220
55.69

40.84

15.64

Han (1974)
Taniguchi

(1982)

Behrame

(1992)

0] (1980)
Chosdu

(1993)

Chosdu

(1993)

Chosdu

(1993)

39



1 (Chemical Hydrolysis)
2 ,
(Paturua,1989)
1
CHE oo > CHIDS, Amemtmmememmne > CHA)2
160 180
2 (Enzymatic Hydrolysis)
(Parisi, 1989
Woodward, 1987)
(specificity)
(complex)

(degree of crystallinity)

40
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(degree of polymerization) (degree of water swelling)
(specific surface area)

(pretreat)

(Dekker Wallis, 1983 ;
Woodward, 1987)

, 2
1 (Physical Pretreatment)
11
Gharpuray
(1983) (Ball-milling)
12
¢ Steam Explosion Process”
Mes-Hartree (1983) Steam Explosion
alfalfa

Trichoderma horizoo E58
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Dekker Wallis (1983)
Autohydrolysis-steam Explosion 200 4
50 %
5.0 50 24 80%

2 (Chemical Pretreatment)
(crystalline)
(swell)
Gould (1984)
HY) 2 H,02
Delignification

Megnoti (1992) 15% (wiv)
NaOH HA) 2 1% (viv) 50 5
62 %

multicomponent enzyme
3 (Ryu Mandels, 1980)

L Endo-(3-|4-glucan glucanohydrolase (E.c. 3.2.1.4)
Endoglucanase Cx 14
(random)

2. Exo-p-14-glucan cellobiohydrolase (E.c. 3.2.1.91) Exoglucanase
C, 14 non-reducing



P-glucosidase cellobiase (E.c. 3.2.1.21)

Cl Cx

(Siu Reese , 1953)
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32.1-36 % (Grethlein, 1984 ; Kirk, 1983),
3341 % (Dekker ~ Wallis, 1983)
(renewable resource)

(Mes-Hartree , 1983 ; Paturua, 1989)
(2532)
: Cl. butylicum NRRL B592
(2536) Pénicillium  sp.

61
35-42

Bacillus licheniformis F2.2
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