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= o
Applications :
STY 27.3%, DR, EZLtAE 2 10.1%, E2,H= 8.5%,
AE 8.0% 2 SIANE 6.5%, 2=, &Y 5.5%, HI,
HX 53% =8 1.9%
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Biosurfactants containing
carboxylic acid

CisHa

Agaricic acid | CH;
"CH - COOH |
'HO—"(ll-COOH, ‘ (CH:)s _
HOOC—*C Spiculiosporic
Corynomycolic OH R. CH,
alCd ) R‘ =C1 5~C2 5 ’
R;=Cs~C1s CO—
MU HARSRS S
CtSF2 A H| M H
0
i CHy
HO 0 O-CH-CH:-C-O-R CHp,
Lhamno lipid Ha ( C:Hz e . /g\éﬂ-cmmcug.-ca,
éu in-cu: o \—°
HO

HO©Q

HO_  OAc ~
orc B\ S GO

2

. .CH, 0 o‘((éga ficocmcuou-(cu,).,-cn,
HO v Y CH
" HO I\ g{z). |

: O-CH - .0 o

OH ]
_(ICH2)1 1

.Sophorose lipid COOH Trehalose ester
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CHz_ T
> 0-L~Glu-L~Leu=D-Leu-L-Val-L Asp-D-Leu-L~Leu
Surfactin e C“‘c“zb?"c”z‘: 4
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Fine chemicals

Emulsifying, spreading agents
Wetting, penetrating agents

Special pigments
Antistatic agents
Polymer materials

Trehaiose lipid
Corynomycolic acid
Spiculisporic acid

Immune activation

Code factor

Thrombus solubilization - Surfactin
Pharmaceuticals | Gall stone solubilization Bile acids
Antibiotics Saphaorolipids
Drug carrier Rhamnolipids
Agriculture Pestisides Lecithin

Biochemicals

Protein solubilizers
Liposome materials

Sucrose lipids
Phospholipids

Skin moisturizers

Sophorolipids

Cosmetics Skin care Emulsan
Sweat contro! Agaricic acids

Foaming agents Saponin

Food additives | Emulsifying agents Lecithin

Stabilizers (bakery)

Mannosylerythritol lipids

FoFog SLHIL
Tel: 042) 6700-221, Fax: 042) 6700-301
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Biosurfactants for detergents?

44 HHEERA S8

IN

% 1sHi
*CH-CCOH
HO—*(‘:-—COOH,
" Lhcoon

Agaricic acid

R,—(‘:H*-(t)H-—COOH

Corynomycolic OH R.
aicd R, =C: c~Czs
2= Cs 13

CH,
(CH,)s

*CHCOOH

HOOC—*C —

SAHH HHHE SN

Spiculiosporic

acid

@ F)ol3 o AP L
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HAHE M M=

il
=2

= aF ' .
(=Y o 13 AH AL 2%
ASH =i BT origin Microorganism A AHEH /L)
" Trehalolipid Bacteria Arithobactor 1.3
Rhamnolipid Bacteria . Pseudomonas 34 A8
10.2 (B &)
sxai Sopholipid Yeast 120
Mannosylerythrolipid Yeast 36
SclngxeoAH Candida sp 225
Ay Corynomycolic acid Bacteria | Corynebacterium 2~3
=" Spiculisperic acid | Bacteria Penicillin 110
oIZ ' . .
OHDI & &F Surfactin Bacillus 0.050

Y NHABLHS S8

Agaricic acid2| ionization

*CH-COOH
HO —”é ~COO0H
: (|IH1 COOH

5

10 15 20 25
0.1 N NaOH (mL)

The pH titration curves of agaricic acid and
citric acid at 25°C.

m GHHF ALY SYeixs
S Tel: 042) 6700-221, Fax: 042) 6700-301
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A. acid vs. other detergents

80

Surface tension (mN-m™)
o
=
T

30 F

CiNa -

10° 10 10° et 10"
Concentration (M)

Surface tension vus concentration curves of
various detergents at 25°C,

4N AHE SR S8

S. acid 2| ionization

CH,
(CH,)s
*CHCOOH
HOOC—*C

S-acid
Citric acid

oH

CO“—J 0 5 1] s 0
——— .IN NaOll (mL)
The arrow points show (he end points.

The pH tiiration curves of S—acid and
citric acid at 25°C.

(FoiBNe sYATL
7@ Tel: 042) 6700-221, Fax: 042) 6700-301
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S. acid vs. other detergents

_08-INa’

Rl (11 0 $-2Na -
T 9 CuNa -
5o @ LAS
%60" : Q-EC,A.n(EQ)d
"8 s}
8
g or
£

s b 4 o 1 5 i
‘ N N (R ' 5

———= Concentration (M)

Surface tension us. concentration curves of-
various. detergents-at 25°C. | '
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Natural Corynomycolic Acid

(l)H
T R,—CH—-FI-FCOOH :
. R,
Alky! chain length Y
. . eld
Microorganism R, | R, (g/L culture broth).
Arthrobacter paraffineus 18~23 71~12 0.6
Corynebacterium lepus 16~25 6~14 0.2
Rhodococcus erythropolis 16~-25 8~13 0.2
m F)oHB &Y SSAIL
& Tel: 042) 6700-221, Fax: 042) 6700-301
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Biosurfactant Containing Corynomycolate

Surface active properties of glycolipids from Arthrobacter sp. in
synthetic deposit water at 40 °C.

Minimum cMC Minimum cMC

Surfactant surface tension Interfacial
(mN/m) (mg/L) |Tension (mN/m)] ‘m&/L)
Mannose—-6- 20 5 19 50
corynomycolate

Glucose—6- 40 10 9 20
© corynomycolate

Maltose-6- a3 1 1 20
- corynomycolate

Maltose-6, &'~ 46 10 13 10
dicorynomycolate

ICellobiose-6- as ‘3 1 4
corynomycolate

Malfoulose~6,6 B 44 20 19 10
tricorynomycolate

= Interfacial tensions were ed inst n-h d

AN HRLRHS 88

The Synthesis of
L Corvnomvcolic acid

0]
NaH ] NaBH.
R-CH2-COOCH; ——— R-_CH:-C-(EH-COOCH: —
1 R
: 2
OH . OH
: NaOH i
R-CH:-CH-CH-COOCHs——s R-CH:-CH-CH-COOH
i :
R R
3 ) 4, a, R=C:iHus
b, R=CoHz:
@ G AL SYeIA
7@ Tel: 042) 6700-221, Fax: 042) 6700-301
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The Physical Properties of

Corynomycolic acid

Table-2 Surface active properties of synthatic corynomycolic acids and the related biosurfactants.

’ cmc Teme Interfacial tension Emulsifying
Biosurfactant eic. action !
(M) (mN/m) (mN/m) %)
§ 1.2
8.0x 10°* 30.0 89
Synthetic . [427Ne (30°C) 30C) (25, 0.05% (0.5%kerosene)
rynomycolic ( soln./kerosene) §
acid 4 b-Na 2.6x107° 28.3 - 100
(30°C) {30°C) (0.5% /kerosene )
10
Natural ca.5.6x10°! 0 -
corynomyecolic acid?’ ) (20C) (20°C) sch(l?%ce'xgx.ioesc’a‘ne)
Na laurate*? 2(%‘.&?" . -
Fatty acid soaps Na stearate™ 68 at 0.05% 34(/28;&3&22231"' -
Na 2-hydroxy 10(20°C, 0.05% soin.
stearate” 47 at 0.05% /hexadecene) -

«1 Emulsifying action of 0.5% SDS : 66% ; 0.5% NP-9: 87%.

«2 K. Takahashi ed. (Nippon Fats and Oils Co.). “Kaimen Kasseizai Handbook”

(1968), p. 109.

. Kogaku Tosho Co.

HH HNNBLRAS S8

Penetrating action of CM

" Penetrating | -Conen. Sinki’ng.time (s)
agents %) Cotton Felt
4a-Na 0.1 >500 >500
" 0.5 >500 0.8
" 1.0 0.1 0.1
4 b-Na 0.5. >500 >500
A.OT 0.1 12 | 08

D

4
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Dispersing properties of CM

Dispersing actions for a —copper
phthalocyanine blue (g —Pe).

Dispersants C?;%C)m Dl(si)p;rtiﬁgida;«:;x?n
4 a—Na 0.1 51
" ' 0.5 80
4 b—Na o0 7
" , 0.5 75
Rhammolipid A 0.1 44
" B 0.1 75
NaSTL ' 0.1 37
A.OT 0.1 46
NP-11 0.1 71

A eiRgHo 88

Fluidity of the membrane

v N T T v e LiVIAg microorganisms R
(1.9%10%mL cubture broth) Living microorganisms
{1.3%10%/mL culture broth}
M{R/ Heating at 60°C .
o for 40min . .
.

Sonicating at 40mW - AH(0) e

- - +Oleic acid
% Replaced to PBS buller
o (pH 7.2} atter
o centrifugation

+ Ethanol

Adiinion of s, svmo \WWW
MJIW Y ~

Fig.-2 Effect of synthetic corynomycolic acids on

P : he membrane fluidity of Candida bombi-
Fig.-1 Changes in ESR spectra of Candida bom- v Y .
bicola ATCC 22214 depending on the treat- cola ATCC 222X.4 by_ means of ESR “’m‘t
ment for the microorganism by means of - 16—~doxyl-stearic acid as the spin probe af
ESR using 16—doxyl-stearic acid as the 5.

spin probe at 25°C.

m FoZad sgeta1a
7@ Tel: 042) 6700-221, Fax: 042) 6700-301
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- Fluidity of the membrane

Adding effect of corynomycolic acids on
the living cells of Candida bombicola
ATCC 22214 (glucose grown),

Exfemal additive (rsz)
Culture broth enly(pH 7.1) >10-?
4a* . 2.0x107"
4 a-Na* v <107
4 b* 5.0x107"*
4 b—~Na* <10
Oleic acid* 1.2x107
Sodium oleate* o 1.8x107¥®
SDs* : 2.0x107%
Ethanol, 34 L >10°"7

+1.0 mg was added to 1 mL of the culture broth.

HH HHEBSHL S8

Surface tension vs. concentration

n
80+
'.E 50
2
£
c 40F
-5
2
2 30}
T 2o} - . @ 2-hexyk3-hydroxy-decanoic acid
@ CrHhsCHOH .
A | O 3hydroxyhexadacancic acid -
10 CsH‘;-CHCOOH' ] }hydtoxydocawic acid
) ' H t-haxanol +decanolc add
a — -

10+ 109 10?
: Concentration (M}

@ Foa e sge3a
7@ Tel: 042) 6700-221, Fax: 042) 6700-301
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Surface tension vs. concentration

3

8

0
o
7

0\%’
O 2-Butyt-3-hydroxyoctanaic zcid (4,4}

L D 2-Hexy-3-vdrxydecancic acic (4.}
@ 3-+ydroxy-2-octyidodecanoic acd {4,c)

Surface tension (mN-m’')
8 8 & ’

=3

[} - L "
10 109 BT ) 10"
Concentration (M)

MY NHESHS S8

Interfacial tension vs. concentration

" Intarfacial tension jmi -m)

w

nf ‘ O 28upkahydrocyootancic acid (4.4]
- O 2Hexg-3-hydroxydecanaic anid (4.)
&l + @ Biydroxy-2-octyldodacandic scd (4,c)
S0

13 ' ‘

o} >

10+ 167 . : w? . 1t
Concengaton (M)

m FEHL sYARL
ey Tel: 042) 6700-221, Fax: 042) 6700-301
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Interfacial tension vs. concentration

0 : ' 9 2-Hoxy-3-hydroxydscancic acid
@ 3-Hydraxyhexacecanoic acid
@ 3-Hydroxydecanoic acid
W 1-Hexanol + decanolc acid

Interfacial tension {mN -m’'}
&

a0 b
.,0 5
10
0 . A L
10 103 10 10"

Concentration (M)

A NHBLHC 28

pH vs. Surface activity

dynes
cn
70!

)

SERAN

2 L 6 8§ 10 pR

FIG. 5. Dana for saturaced solutions (0.5 mg/mi) of chree carboxylic
acids vs pH: octadecanoic acid, surface tension 14} and interfacial
cension (8); 12hydroxy-vcaaderanaic acid, surfrce tension (o) and
interfacial tension {21 and 2-hydroxy-ocradecansic acid, surface
wnsion {¢) and interfagial tension ().

m (F 0B SSAPL
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Fi ig. 5. Operauon of a filn balance with which, by means of a mobile barrier,

it is possible lo hanically réorienl mo! in the monolayer system,

| = fixed barrier; p = pressure on the mobile barier 1i. n) “Gascous” phase; b)
*liquid-expanded” phase; c) “condensed” phase.

N LS BB
I 50
X CmNm 3} &e
25 . st W.?b’w'%ﬁm”x

] ) Y
O = 1.0 1.5

A [nm J—
Isotherms of the uridine fipid 62 on differem subphases (20°C)

[16%} A) water; B) 0.01 M adenine (complementary) (x): C) 0.01 M thy-
. mine (mmmphmunaq} (A). x=susface pressure, 4 =aren per molecule. -

m (F)0HF o sSSP
7@ Tel: 042) 6700-221, Fax: 042) 6700-301
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Pressure-area isotherms of synthetic
corynomycolic acid

70 -
60
50’
40

30 cwa\\ M.
- 13-13

20\

Pressure {mN/m)

CMy,.
10 CMas CM,., . nae

6 010 020 030 040 050 080 0.70 0.80 0.80 1.00
Area (nmi/Molecule)
Fig.-2 Pressure-area isotherms of synthelic
corynomycolic acids at 25°C.
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f New concept for the bt

The schematic representation of stratum corneum: “the brick and mortar model™

“The lamellar lipid layers represent the barrier of the skin”

Arch. Dermatol. Res., 282, 45 (1989), J. Dermatol., 112, 1 (1985)
«“BEst IXYE0 NS 254 &2 E8)|s& ROSe A2 0L
oXe et gel = 1 XA Ol JDls® 483D UE AOICH”

‘ Fraﬁance J., 27 (6), 85 (1999)

m Fo34e ESipa
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Pseudo-ceramide containing
corynomycolic acid backbone

} . 2
R—\ R
—Q toluene 3
. + H 2-N-_I{J ——T ' NH’R
reflux R
’R/ 0 0 0

Rz
| NuR® NaoHe NeOH NH-R®
R T weoH
o O

@ FEojF e sy
7@ Tel: 042) 6700-221, Fax: 042) 6700-301
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Cross-polarized microscopic picture of multi-lamella emulsion
' containing PC-4

4 AHELR S

m (F0H e YA
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Biosurfactants

Product Organization Productivity | Remarks
Sophorolipid Kao 120g/L Humectant (SOFINA)
35.4g/L
Mannosyl . (as lipid)
aiveoiinid | @vthritl liid Tsukuba Univ. | ‘55 4o
ycolip! (as n-alkane)
Rhamnolipid Tokyo Univ. 2.5g/1
Trehalose | Kyowa Hakko 1.3g/L Eg:::eﬁaﬁgbm g
: Cerilin Shizouka Univ.
Lipo-amino acid { Emulsifying | - . . Suitable for emulsifying
Factor Asahi Kasel hydrocarbon
Fatty acid Spiculisporic | Tsukuba Univ. 110g/L :z‘t'ileleciros't?u"::gem activity
Sugar ester Kyowa Hakko | 1.59/30g cell g'::g r;‘::;s ion from fructose and
) | Bioconversion using
Sugar ester Kitasato Univ. lipase recovery 88%
N-Acyi amino N 1.7mg/0.47g | Bioconversion from
acid Ajinomoto cell glutamic acid and fatty acid
Phosphatidyl Yakult From soybean lecithin using
glycerol phospholipase D
Lysolecithin Kyowa Hakko
Oligosaccharid | Nihon
e fatty acid Surfactant 22.59/L
aster
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