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Preparation and Properties of Human Hair Keratin Film Lacking Keratin-Associated Proteins
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Abstract : Human hair keratin film has been used as an alternative to hair samples to evaluate various damages. This
film consisted of keratin and keratin-associated proteins (KAPs). The function of KAPs on the molecular constitution of
hair and keratin film remains unclear. Recently, we have developed a selective isolation method for keratin and KAPs
from human hair. In this study, we proposed a novel keratin film lacking KAPs using the Pre-cast method. The
concentration of acetic acid in the casting solution of hair protein solution was higher than that in hair protein solution
lacking KAPs. The morphology and chemical properties of the KAPs free keratin film were compared with those of
conventional and high acetic acid keratin films containing KAPs. The KAPs free and high acetic acid films were beige
and semitransparent in appearance, whereas the conventional film was white and opaque appearance. SEM observation
indicated the KAPs free film was made up reticular structure and the surface was covered by small particles around 1
pm in diameter. When these films were stained with oxidative hair color reagents, color deposits of the KAPs free and
high acetic acid films were higher than that of the conventional film. Compared with hair sample, the formation of
cysteic acid was significantly prompt in these keratin films. The amount of the KAPs free film was slightly lower than
those of the conventional and high acetic acid keratin films. When reductive permanent reagent containing thioglycolic
acid was added to these keratin films, the optical transmittance was decreased. And the decrease was recovered by
oxidative permanent processing.
The film formation technology will be useful to evaluate various functions under which keratin and KAPs were
classified.
Keywords : keratin film, hair substitute, keratin-associated protein, coloring reaction, reduction-oxidation sensitivity,
cysteic acid
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FBEZOK 80% DD INTF v 7 AL, RO
FURZEIZEVESRTWS., Z oy vy Bk
BBt cE a2 MExMAL TR LI Z2ur 47
ULVHBEZOEOEM LICERL I ICESL, NP5
EEARICHTIN T 2071 7Y VEBETL. X5
2, 7874 TYVRESGLTIVTy 7 ARELR
b, —HDT 4 TAYNT 7 AN—OREREREENZOTE
ONFNRERETHLMEL L2 EAHL T
5b0LEZHLNTVS[1,2].

INTF v ADMMESY YN IEHHET7 45 XV b

# corresponding author

DFRIL, 40~60kDa T, & 512, BTN (pI=4.8~
60 b7 471 & E~HEMNDSFE N (pI=59~
78)% b2 A TNDOEFIZHFITOLNTEY, K4 6~7
i O RBAZTF L BIAH SN Tw 5[2-5]. —7, 10~30kDa
OHTREDIDOKAPsIE, 73I/BHEEOEVLS, &
A%, BEA T, @)y FOy U GEENR, 100
FEH D O KAPs DSRIE S TW5[6,7]. KAPs DN A
FF 74T A MALOKEZEO THALE L < X
LBWMEELTEZOLNTWVEY, Z OBEIIZIZEA
Twhwv, ZOHHELTE, Y4 F—HKoThbI L
IR, YATA VERN24% EELBRELRLTWIE
L0000, WO HE LY V7 HE VR 58],
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M2 BIZEEZD2 O ERHICBRRTY Y X Hae iR
L322 EeNTELREREE, Bo5Nhy V87 HBHK
PorSF v OHCHEBAREFRLTIA VL EERT
AHEERELTCWA9-11]. TOHFHDTLFx A MET
BONTTANLErFTF 7400 ELMNT, REBEE

ZLLTATIA=VO5 IR EICHHLTwA[12,13].

&, BED D KAPs # BIRWICHBECTE 2 L2 %
LTBY, TOFETUIL 7-EBELRE D KAPs &F 7
EHRDEPLTVwE7D, KAPs ZI 3L AEET VT
TFUBWERAILNTEL[14]). 22T, ERFET
DrT7FVEKAPs O AETTF T 4 IVAEITRR
5KAPs 7)) —BIDr SF 74 VADIEREEE L 72
TANEOWE RO THET 5.

2. X B&

21 KAPs 7 U —EEHBORAREEE I NV E
7 14 IV LDESL

EERBIT) —F RN — R EORMA L TV n
BEORZ v 74 70ORINL THW ., Bk L7-EB%
% KAPs/E KIEB (M JRFE, 200mM Y FF AL A b—
WV (DTT), 25% L% /—)V, 25 mM Tris-HCI, pH 8.5)|Z
ZL, 50C FT3HBEMMEIT-72. 58I & )Ml
RV BRE 2 KRR ISR L C, KAPs 7)) —BEHE
& L7209,14].

WH & KAPs 7 —FEE % 60-70mg/ml 7% 5 &£ 9 I2fF
KEBER (SM RFE, 2.6M FF R, 200mM DTT, 25mM

Tris-HCI, pH 8.5)I2#& L, 50T T T 1 HEMmiH =475 72.

ABEEROGBEICL YV BEZREZMOERE, ¥ 7K
W (40~45mg/ml) #1872[14]. 71 Vv aid, ¥ o804
BIRICEE R 2 A BRICAERKEW Ly v — LICH,
WCF Y AT 4 7% LT LI 7 4 )V A% 24 KB
e L 7ot BAREEER LTI L 2.

2.2 7 1 IV LD

FEBY VST BERD T 4 IV ANDER & R [
i, BREC X DR & o8 B 23, Bradford
HEHBETHE LIS 74 V2 0R Sy 82 E
1%, SDS-K1 7 27 1))VT I K(SDS-PAGE) 7 v & & ik B
ERHOWTHR. 740250 5 M L2, sample
buffer TP L 72BICWkEI L 72, 7 ViE, 0.1% 73 ¥ —
7)) T v T —R-250, 10% BEEE, 40% L% J — v
T2 REfgetats, 10% BEEE CRif LBl %47 > 72 [16].

2.3 B{ERHOLEM

B E LT, p-7 2Ly VT3V, p-TI /)T
)=V, 24-VTF3I) 72 )FY )=, m-T 3/
T /)=, 5-TI)FNVEIZ VLY =N, LIYNI UL
EEUC2MBO LA 6% BBRILKEEZSTL 2/ % 1:1
DEETRAELTHBLE. #7557y 74 VA EEH(H
i, Ya—5 v 7 2 )22 SREHE 37C, 60 51
AV F2R=PLTRIGE S, BEKTIIEEL

ZMTHBRILTIANT IV Y, F=0 757
1T -72117].
2.4 SEM #i%

rIF YT ANAO—HEYORDY, H—R VW7 —
TTHREARICHEE Lz, &F52 L, EBEL 527
IR 7% % 128 L 72 (JSL-6010LA ; H AEF) [18,19].
2.5 Ex—B{bioE

WMICHIE LCF A7) a—vligF by v o, L L
LCREBF M)y A0 FEAE LTRASN TSR
N==REZHNT, ¥5F 714 VL0, B
PR FEITH R BALLB 2 FE M L 72, 1ml D8 — < 1
HGRICILEL), N—< 2 A (B bsl), a>v -k
LCERKErXrFF 74 VAITHE, 25C T10 404
YF¥FaNx—btL7 e HE Iml o8 —< 1 FLHE %
10 M FER L 72812, =< 1#HZKREL, =<2
W% 25C TLOGMIER L 72, FUBEHEO T 4 VA
HEKRCTHRBHRICHREZIREL, 74 V20HBEFHEL
7= L7z [18].

JeE BV IR & LR D 7 4V A R, 6
JLEEET (U-2001 BU435tGEEEY 5 HAZ) % AV C 660nm (2T
e L7z,

2.6 7— ) IZHBEIFIFFE (FTIR) /ATR BlE

FRAMRIZIN 2 R 7 b vid 7 — ) BRI G606 &
(IR Prestige-21 ; RS ERT) O ATR %2 M L THiT o 72.
rIF YT AINVAIREN - 2%, AR TIMEE L7
—%, BERXEHIMBI L% S VFE—-XTa v h—
(MB755U(S) ; ZH-4M) THA&IC LillE o &e L L7
A F ¥ VAL 50 [\, S fEREE 4em™, 5E 0k B PR
1 4000~600cm™, AN IZIZRIN A X 27 F IV 1076em™ T
OBEAL % 4T - 72[18,19].

3. WREBE

31 KAPs 7 —BI4F5F 27 4 IV LDER

BRETEHER LY SFr2at sy 87 BB
Bz, bV 7 OVEERE, BEIEREREEEBRITKTHA S
Nevx—LIFy AT 07 $5E, ¥5SFVIFED
FEELTTANLERET 510,11]. B7-bid@%WOE
ZLEKAPs BIEEAEGE TR VWEEZLSBEHB LY U
BRI 2 L SR X AT 4 VU
LT, 74IVAREEERA. RUMEEZILSD S V3
ZEBHIL, F X AT 4 VRIS E TN D BRI D 25
~125mM IZBWT, 74 VAR L. BE»S 7 4
VAN EZEWE BRI 25mM IO AR D E L,
EIREENZ 22 B IZHEVE T L7 (Table 1). —7, KAPs % (F
EAEGERVEENSO Y VST E BRI, 25mM B
BIZBWT 74 VARBBRIERON o7z, LA LN
5, WERBIAEZ somM ML EICT B &, 74 VARTERL
7o RHEEED O OEHED 40~70% ThH 5 DITH L
T, KAPs ZIZ L AL E TR VEED ST 70~80% & 5
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Table 1 Effect of acetic acid on the formation of the
keratin films
Human hair keratin films were prepared by the
combination of acetic acid and Pre-cast method.
The quantities of protein recovered as the films
were calculated by weighting.

Sample Acetic acid Weight of film
(mM) %)
Normal 25 67.0
hair proteins 50 56.7
75 56.3
100 457
125 39.9
KAPs free 25 N.D.
hair proteins 50 78.2
75 754
100 735
125 69.1

W TOD 7 4 W AR TH - 7-.
BTANLDY X7 B fFREBRTHBLT, &
KRB TEOMRE S %7z (Fig. 1). ZOHE, R
FELEZH SO E 7 1 )V A 1% 40~60 kDa D7 5 F
L 6~30 kDa D KAPs 5 K-> TWA A, KAPs 13t A
EEIHRVEEPLDTANLEB I I F U ETRSE L
TBEY, KAPs ZTRIIABIVET LTS 2L 2ERTE
72 KAPs GRVMBETLTWAE T 5F V0¥ v 587 Bk
PHDT 4 NVATRBIIEEREONRE LEL L2 L
X, ¥9F VO KAPs M OMEAHPEHCEGREICD
bbb, 74 VEAEREKDOKTLLR>TVDE T L E2RIE

L7z BMIEROZEALIX, Fx AT 4 ¥ ZBRICBIT 5 25,
50, 75, 100, 125mM EEERZRINL 72L& 2D pH 1 8.8, 6.5,

56, 52, 5.0 CTHDHI NS, FSFUHFOETEN

Acetic acid (mM)
50 75 100 125

Acetic acid (mM)
MW. E1 25 50 75100 125 E2

|

Fig. 1 SDS-PAGE of the extracted protein from the
keratin films.
Hair protein and keratin films were prepared

from normal (A) and KAPs free hair samples (B).

The concentrations of acetic acid in the casting
solution were 25, 50, 75, 100, and 125 mM. The
films were incubated with the Shindai solution
containing 250 mM DTT at 50C for 1 h and
extracted proteins were analyzed by 5-20% SDS-
PAGE. E1 and E2 were original hair proteins.

@I4&J@k@ﬁ ESEZ L5,

WHDEZPSD 25mM BERTEINT 5 7 1 VA ZTE
KEr 55T 4 VA, T5mM BEEECTIEK T 57 4 L A
R/ EEEBA S F Y7 4 VA, 72, KAPs G ED
BT LABEDS 75mM FEERO S TIER L 727 4 L A
ZKAPs 7V —BIZrSF 74 VA ELMNT, DTO%
BRICHER L 72,

3.2 55 F 27 1 IVLADSE & HimEE

REBEEBZELTHEHINTETWEHERI S5 F >
T ANAKFER=Y 2t FOHOTARERALZ 7 4V
ATHBH[11-13,18]. —F, 75mM  BERECIEHL L 728 %/
BEBHEBXUOKAPs 7)) =By F5F 07 4 VA% LT
BEPNTVEHED LIZEWEEE, TOXEIHHT
XLRBEDYEW R 7 4 VL THo 72 (Fig. 2).

Acetic acid (mM)
50 75 100

Fig. 2 External view of the keratin films from normal
(A) and KAPs free hair samples (B).

PERILr 5 F 2 7 4 v LG % SEM TEIZE L7z &
A, HEL mUTORTET4TAY IRy T —
JIROMEEEZHEREL Tz [13,17,21,25]. —F, @HE/E
W r 5 F 0 7 4 VAR TR O NS X 95 2
Ay M7 =BG R L, HEARREMEE L TWwi.

Acetic acid (mM)

25 75 125

Fig. 3 SEM observation of the keratin films from
normal (A) and KAPs free hair samples (B).
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KAPs 7V —Elr 557 4 VAIIBWTIESILEN 2%
TSR 1~3um R TAIROFEERD 2 LT 2 55
Big sz (Fig.3). 2, HEHEELr9F VR T
DT 4NV ARDBEEARNEZLL T L DDk E
EZbNb.

335 FF LT AINLDATHS—RICLBLEM
— RN AR V250 A OBRILEER (7 1
NS LT =TI Ik B 3D 5 F
Y7 4V AITHK L TAT » 72 (Fig. 4A). MO FIECTES
OWREGA L, JEREORKEZITo 7/ 4HORE L bR
Bi~EwKtoaflzRL, ¥—27 757 Y035
ANTIT Gl ) RARBIND ZEAHATE
7o, B hofmEE s mERHITllELZE T A,
FANT Ty gL, BRI ERER 55 T4
WAZKAPs 7)) =M S5F 07 4 VAR r 55~
TANVEADETH Tz, —H, ¥—0 777 Tl
S/ ERERREL S 5 F 2 7 4 W A<KAPs 7Y — Bl r 5 F

YT ANBSEESMERRI S SF T4V LADIETH - 72,

EHEEEEI Y KAPs 7Y —BDr 552 7 4 VAIRHER L
T EEAbRERL, R rSF 7400 L0 0E

a b c d
Coratin Keratin Keratin \eratin Reratin Reraun neraun nermun nersus
Comavr e ratin Ceorar seratinascatin Kersd™ sensin. “rratin
/ Nin <o in Keratin Kera'in Kef stin Keratin Ko Yrin
G i § Homtin Kernon Kem 4n
Control ( iy e e (R ms
n Keidin e jin Kevtin Keratin Kewiin
B _iw
OControl
go - | BLight brown
M Dark brown

40 —

I

a b c d

20

Apparent color difference (/E)
(=]
3

(=]

Fig. 4 External view (A) and color deposit (B) of the

keratin films and normal hair after dyeing of
oxidative hair color reagents.
The keratin films of conventional type (a, 25 mM
acetic acid/normal hair), high acetic acid type (b,
75 mM acetic acid/normal hair), and KAPs free
type (¢, 75 mM acetic acid/KAPs free hair) and
normal white hair (d) were treated with
commercial hair color reagents (light brown and
dark brown).

HICEWETH - 72 (Fig.4B). ThbooZ ki3, de5t
WWIEKAPs EHDHFEEL D B 7 4V 2 ORI REA B R
T5H I EIRBEEINT.
BALREROBEZ L EFEBANOYERME LT, 4o
Fa—F4 7 V[181EHMDaNT v 7 ZDOMIBIEES
KR[19], AT = K20 EPAMONTE TS,
EZ2EMHL CTOVAMEROERRIINL, Fa—T147
VB HBEEARE bW r SF Y 74 VAIZB W
THRMINZ Z L 1F, BEBIUEEHROBMESY ~
NI BENOREMEBOOHNA L EOWMR~NFIHTE 5.
EHIZ, KAPs HE 0T I F VHMP SRS 7 1 VA
TERDTRETH B0, FI9F VTt a¥—7"v b L
TeNT T —HKOMBE~NDREMIEZEZ N5,
34 4TIV EBICEDY AT A UBORK
WBALKER EOMILA TERZEZLA LS E, A
F U D-SSHEEDWALE T TY AT A Y BER EHNEEK
N5[1,20]. TORISIEATHENT, KL THITD T A
T A UAEBITIRRE S B\ 72 DB AR EE DK T 2 &
LB END, =<7 ) —F A5 ZR§ 52—
VRFLEZOLNTWS., ZOHMWITIIZT I BONTR
FTIR 2% ST\ 5 [8,21-23].

5S4 NT T yRMHIT 60 SRR L3O T 4V
L L BEREOMMEKEM, FTIRRATRETY AT A ¥
WBEGN LIz 79F 74 VEADARYZ b IViE 600~
4000nm DHIPHCTEHEZ L FHPL Tz, 1076em™ THAIE(L

13 04
12
03
311
= T
3 § 02
(<] e
Z09 = N
<
08 H— Control g: o o1
: — Light brown R
a” N
07 O,

1100 1080 1060 1040 1020 1000 2

Wavenumber (cm™)

Fig. 5 FT-IR spectra of the keratin films and normal
hair after light brown dyeing.
A, Spectra were normalized as 1 at the peak of
1076 cm. B, Relative amount of cysteic acid.
Symbols of a, b, ¢, and d were same as in Fig. 4.

L 721000~1100nm ® A X7 )V % Fig. SA [ZRF. Wi
NOREICBWTHIA P TIT v §MICKY, VAT
A VERICHKT 5 1041 em™ 3212 ¥ — 7 H3BLh 72 (Fig. 5
B). TOY—27IIBIFHE LRI, RS TV T 4
v b~ TEEEEE R - 5 F 7 4 W ASKAPs 7 ) — T
FTF VT ANESEEDOITH 72, DRl Lz#HX T
RL72&912(12,13,22], @ERLKFRBICI DK S
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LYATAVBEIIBRLERTTIF V74 VAIICE
WTHBICEWI 28, N—<0HIZBWT b MK
M2 ENTEIZKAPSs EH T 75 7 4 VAN KAPs
T —HRERRTEHMEZRT DL, KAPSOY AT A ¥
FEPTITF LD LR 2 BEEVIEILLDbDEEZ
b s [8,14].
3.5 BB b RSt
BEREIDrSF 74 NVLBLOFELZEI -7 1#D
BT F ) a— V% EO@ITH TULBELT 5 & KAPs
DTS 2 SN TWA[12,13.21,24]. BEOKD
DIHERR A r SF T4 NVABHH LGS, 75F >
OHEEIZ R SN T, B L FERIC KAPs O FE 511 70 5 B
R 1/2,000 DOEEFRCA U2[21.25]. ek S5 F v
74»A%1¥ﬂ3w_% OB E LT, N—< 1Kl &
T AT 5 EREHLR T 4 VA EHLR T 4V
A’\c‘:%@bb, CONFBHT 4 VRIS —< 2K R LT
LB 2 E REW R 7 4 VA~NERD, /8—< 2 7]
DOHMMBTIZ R 2T EOZBILIZ RS e v [21.25].
D7D, 3D T 4 VA BTHRD =</ %2 VT
JG, RICE LG 24T - /2. BT A L2
&, PERM, BE/BEENEB X OKAPs 7 B 55
VITANEDLDOEEOBWANL9.9, 6.1, 1.4% Th o7
(Table 2). FRICALIRICH| E v CTRRALLEZ L723A D
FAERMET, KAPs 7V —RrS5F v 74 VARLOER
BARIFEAERON D572, —, KAPs #&A LT
WBHEREL L M/ REEREL S 9T VT A VAL DR R

Perm
Perm I I1+1

Keratin Krr-hn Kﬂ'lllll Keratin Keratin Keratin
-mn Kerat# =~ = “=atin

rq!‘sn /£ Nin

Control

Keratin Keratin Keratin

Ktrnnn Kznmn Kernun

b denltn-ﬂn

Keratin Keratin Keratin

Ke :_h Yratin

i n ‘ Keratin I’ﬂ.‘m
/mtin Keratin Kers
Keratin Kers'

Ke. tin Keratin Ker in

Keran, <o r:m- ;.ul-lu

Keratin Keratin Keratin

Km\nu Knnuu K-r;m
Kerata, “uratin *_.catin
Keratin lcmh Keratin

Ke. tin Keratin Kerr .n
'(lll. Reratin “' “.atin
Keratin Keratia' Keratin|

Keratin Kznnn Keratin  Keratin Keratin Keratin
Kera¥” m Teratin

Keray: ginasostin
K ain Keratin K Yin dmhﬁ

Keratin Keratin Keratin
“seraus, - matin

wn Keratin Ken, ¥n
mtin Kerntin Kers Keratin atin Kerstin Kerm
C Keratin Kers:, Keratin < stin Keratin Kern'
Kn\ win Kn-tm Kov gin Ka.'nlhtmw,m Ke. ‘n Keratin Ker in
Kum ,..nun Kerat.. “'-r:ru- “rcatin|  Keraw, - ot “eatin
—
10 mm

Fig. 6 Effect of permanent wave agents on external
view of the keratin films.
The keratin films were treated with commercial
Perm I and Perm I + II. Symbols of a, b, and ¢
were same as in Fig. 4.

Table 2 Effects of permanent wave agents on the weight
and optical transparency of the keratin films.
Symbols of a, b, and ¢ were same as in Fig. 4

Transmittance Change of weight

(%) (%)
Control I I+1 I I1+I
a 03 362 0.3 -9.9 -9.7
b 443 755 505 -6.1 -5.0
c 31.2 675 38.2 -14 -0.8
WA DA Tz, WARIIIERE 7 4 v 2 DT A B/

FEEET X 0 BV 0Id 7 1V A OBIRE R & o B4R
HETEDLID, WA LTV TPETHS.
=0 & FRAGALIRC X % f b B 2 E L D KAPs
@%@%%&ta’é PERRL T 4 V2 1H & 2R
JC & FEALLEIZIB A LT, JuiE B &b
Lt.$ﬁ%ﬁ@L%%M@ﬂLIUKMN7U“i7
FTF T ANAEIHNC X B @ICEIC X D B
L, BRALALERC X 0 BB AT S 17z (Fig. 6). 430006
BERT % v 660nm O SGE MM CRAMEIL Lz 2 A, 3
DT 4NV AIZBWTRIIGIIC X ) 35% Z#EFEH -5
L, BALMEIC X DA L7z (Table2). Zh o DFEE,
BICEBLMBIISE L2 9 F ¥ 7 4 VA DNE BN
DEALITIZ KAPs OEHENLHGIFIE LAV &P
RENT.

4. 15 =

EBEIANVT Yy 7 ATMNICBT LT IF T4 T AV b
MEMDTRENZ 7 7 4 N—FiE % VT 5 KAPs
DrSFVITAINVLEDOEEE ZOHEEICG 2 588
X7z, KAPs I ZE AEEZELWEESY 328D D

FIF R ERGE LT 4 VAERIER S, B/
TLF ¥ A MEEZHWEEE, 74 VAL
BIEIREZLELTEA, T4 NVANDOEHI|IT KAPs
BHEDOEESY VNI EBEEPS LD D E, o7 BIRE
FEBR S TIN5 7 4 VA IZ KAPs DR IEIZ D H b S
FTHEEWT, ZOMMMBEDELUL VA 20D
ANEW TR T/ 7 4 5 X 2+ HRER S N5 48 H
BELOMRMrSF T4V 0IE, T LAHKR T4
VATHEIEIREINT.

PERAL, EE/BEEEE]L, KAPs 7)) —HO3IHED T 5
F T ANLERCTBACRTEANC X 5 Jetb ik 27
LA, BE/MEHERER X KAPs 7 ) — 17 1 )V A [F R
oYt 2 21, R 7 4 VA ERRTEEICED -
=, TOZLIZKAPs OEHEL D SMMIEEDO 7 4
WADYEEEHBELE 2 5L ER L T, VA
TA VBB EIIKAPs 7Y —H 7 4 VAICBWTER
WK o 720 WIZ, EIG-BRILALBEASE ] &2 2 9 0E @R
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BRHNRIZEZA, 3HOT 4V AZFABEOEE TEILL
72, 2070, BIC-BALICISE LB 02 ki, KAPs
SN T ITF VKo TWALIEDREZOLND.

Stk KAPs BamMors v 7 4 VAR T,
KAPs 7V =Rl 7 4 VA7 L ORI #ITV, KAPs-7 J
FUrHOMEER @B U -BEZMEE r T F v 74 VA
O EOBBICEL T TV E v,

AWFGED—ERIZ, FEAERTZE (B) (24360375) DB & 1)
25D Th5.
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