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KL LTHLN TV LYY L7 B MREER O Proteinase K, HIHOMINWEERRER TH 5
Achromopeptidase, Lysozyme IZHNZ, 7 ESRMEEREZ £ o HFMIBEERREER TH 5 Lysing
enzymes, Zymolyase ® , Yatalase ™o 6 f3{TH 5, AT, HEMEHZ NS DR
2GS, HEMEHC RITTEROMERfER L 72,
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DFBITFO% LRI T k7 2 VISR Z Nz, 25C I C—RgH I ens, 77—+t
T L 72, TEROSIGTER 2 0 2 300p L 71, WEEd L7e, IS T & b v 22 TRk
S, HTATZ7 4N —ICTHB L, CNEFERICTHRLE» ST 2N, 77X
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DRE 7 /)] LitilT 5, FERRICELERZ, £1ITRT,

R1OEBRICHEL 2BER

e [Ty sk H & BRI
Proteinase K Sigma-Aldrich Y | 7 o7 ok | e T T —1
N=TtFNLLasis—+,
L Sigma-Aldrich | 901 | STRE R
ysozyme igma-Aldric DIE | A e B s i P
Achromopeptidase | Wako VA | ST T e B e e L

G, 3TN AF—E, L
Lysing enzymes Sigma-Aldrich PLIE | ELP AR A AR 7—%, Turr—%, ¥+
F—x

p-1, 3-7 NV F—+x, 7'nm
s

Zymolyase ® Nacarai-tesque | #HTH | F RIS fif

p-1, 3-7 NV F—+x, 7'nm
Yatalase ™ TAKARA BIO | #HPH | B A0S 7 i TT—%, ¥FF+—+, ¥}
E7—+, ¥ Y-+

2—2. HHREH

ARFEEBRIL L 72BER L S MBI OMAG DY 2R 2 1R T, f RS [HEEME —BELE
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B 1L, MK 2 P L7227k i £ D0.1%Proteinase K, 0.5%Lysozyme, 0.1%
Achromopeptidase, 1.0%Lysing Enzymes, 1.0%Zymolyase ® , 2.0% Yatalase ™ %%
WA Lo, EMEHCE T 2 BEROMEL, (DEERR, B L QAR L 72
B, 02K THER L7, M, @I, BEEICIE LCEREDORELZEEL TWwD,

(DD KIS S:

BEEMRNATE 3 mL ISR RERERTR0.5mL 2 ML, 3B I X9 — TR, 25C Tl
L7z, e LT, MEmoBEEMENATRICEMIK0. 5mL %~ L 723Uk 2§38 L 72,
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F2 ML 22k
lidant
Consolidan funori MC (400cps) | MC (4000cps)
Enzyme
— funori-P MC400-P MC4000-P
Proteinase K
Dried funoriD-P MC400D-P MC4000D-P
— funori-L MC400-L MC4000-L
Lysozyme
Dried funoriD-L MC400D-L MC4000D-L
— funori-A MC400-A MC4000-A
Achromopeptidase
Dried funoriD-A MC400D-A MC4000D-A
— funori-LE MC400-LE MC4000-LE
Lysing enzymes
Dried funoriD-LE MC400D-LE MC4000D-LE
— funori-Z MC400-Z MC4000-Z
Zymolyase ®
Dried funoriD-Z MC400D-Z MC4000D-Z
— funori-Y MC400-Y MC4000-Y
Yatalase ™
Dried funoriD-Y MC400D-Y MC4000D-Y
— funori-Q MC400-Q MC4000-Q
Milli-Q water
Dried funoriD-Q MC400D-Q MC4000D-Q
*enzyme solutions dried for a week after vacuuming for 2 hours
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TeEEHBICIOMERL, Tk,

1 l‘.’.ﬁ:ﬂ’
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BEMIOD N HBICRLUE L 72 G MR Bl 6:&@‘3‘?&% , BARMBIEYIC
HAGBRETIE, BEMIEAEES TORER DM L2 E

, —ERFMPOSROBMEHE R 2, HHRIC X 28, B IR

SQUR 3

THER L 72,
L, AN L2 ME LT

Wz T, K7 /) ORI T3 BMERER O 2, §Ho B AL 2 v THEGE L 72,

2 —4—1. e
BEERDICHE N,
PIRA LIERE A,
MrL,

S 512 1 BRE A, WEREE L7,

7T AF w7 %% (AL em) ISIRIBA IV 7 & (FDEHESE BURRR) &k
WM SEZLDE P L7a, Pz, SRR Z 2 1.0mL

1B EEL S 72, D%, KWR7 /7 )ik (1.0%) 2g 28— FLTRES Y,
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FRME & Fo M2 B 72 7 o P2 S L7z,
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PSRN SRR 2 PO 38, GPCI2 LY, I snm raafizllE L, ZDZbx ik
BL72,
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2—5—2. WEERNE
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F2DREID ) b, HEEL L BERE 2 IS B2l AT EREE R RO T £ £ 3 1R
¥
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DFFHIEII ST Wies, ZER L DO RIHEREIC D W TIEAWTH 5, L2 L, Lysozyme (3,
Wal7 2 ) o Ick & SA{ERA L, F72 Achromopeptidase 2 D2 { BEZFRIZB W T L, 241ER
PRICITRGEL 7 /2 VI B2 RT3 2 L5, AHTHLr L 572,

MC T3, DUCKER] 6 BB L U242 B W T, B L ONR[DELIZA S L7 W,
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1 BRI & DODEOREEL7 2 ) (BOSKEER] @ 248:R0) (&S H)
(a) Proteinase K, (b) Lysozyme, (c) Achromopeptidase, (d) Lysing Enzymes,
(e) Zymolyase®, (f) Yatalase™, (2) Milli-Q (control)

I2B W T, Lysing Enzymes, Zymolyase ® , Yatalase ™Z{E/H & w72 ilkHA#k (3, & THE
L, THRIZBWT, E5I2HEHMELT Lz, MC400-Y B L MC4000-Y T2 v =—HEK
2mm D EPRE L, 72, 5 HE» S, MCL00-P I2BWT, o 37 BoEHE L Bb
NBHNR 2R L, MC400-Y TlF, HEOMKE & b 2 LA ziER L2,

—J7, WZMRALEE R L 7oEESR & RO 7 URHZ BT B 24 BB T E K 2 1ISRT,
funoriD-L I2B W T, KIefEms TAHWEEYABE SN, 2ok 7 /2 ) EHZ B W T
L, IR L TWZ WEERIKRORET: L 1ZIZFHAETH 1), Achromopeptidase LIZFDEEHK T, 24HER]
BATIFIRTED RS H b T2, AR OIS TIE, K%, BROHEIK->Tnwb I &
RS9 &7 5 72,

3—2. BEAHE

PHEBERIE 2T Mk, M7 2 VIEREM F LRIV 7 A BHZBW T, BARERE
ool 2 X 3 ITRT AR L N H AR L OBE ARSI DEICOWT, MR L DX E &2
AStrength, ADepth & L THli L 72, Proteinase K, Lysozyme, Achromopeptidase % >
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2 RFRECMELIE L 7o BERTE L RORRONREEL 7 /) (BORIRER] ¢ 24181 (ITH&ZHR)
(a) Proteinase K, (b) Lysozyme, (c) Achromopeptidase, (d) Lysing Enzymes,
(e) Zymolyase®, (f) Yatalase ™, (2 Milli-Q (control)

7oEE T, BERIOOtE, BAME I 4, RERI MR G b HIMER L,

—7J7, Lysing Enzymes 3 X F Yatalase ™% W 72388 CU3, 7 2 ) OB AMES/NE
K70, K7 2 ) DIRFBRIIFE N EHIRENT2, T2, Zymolyase ® % [T\ 7230k Tl
BRI, BEARELHR 2512 0L LT, RERIIFEL L sz R L7z,

3—3. #FES/WEE
2 IRTHEHI D W T, EEMEI O F R %2 GPC 12 & ) HlE Lic, —fikic, &1 D
SR, o TR TR T, AU, MY TR G EEER D ), fhEdhAs HAT
logM 72 ) DERHE (d W/d logM) TERINIZLDTH D', RSN TR X I
BWTy, INHLDlEHANTET,

ARERTHWIEH 7 2 ) D7 /) fi5l, B Fa=10"fE TH 0, 4 =10%
fPEICE—7 by 7, BEWSGFR=10FEINSIWE—7 2 L2 2 IS F 52 R L
72

7 ) & ZEEERE 7 e S 24RO TR X 4 1SR, FXITIE, g
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25 r W AStrength 1 1.5
72 ADepth
20 |9 12
1.5 —él H 0.9
Z 10 H 06 ¢
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g o5 | CERE]
= o]
I @ )
N 00 iil } szl- } } 00 N
-0.5 % -0.3
-10 F 1 -06
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- e 2
2 3 > <3
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H3 7/ V@RS B2 X HEERICL 2 HABESB LB ARSI OZEL

Bhe LT, BBEREB LI ERID 5 F 85 /R T, funori-P (X 4 (2)), funori-L (IX] 4
(®), funori-A(X4(c) TlX, E—7 b v 7R FICEEL, 5 FRE=103FHED E—
Z13F EAEELL T v, HBBIEIC B W T, $3:IS funori-L TIIBOGEAAICKR 7 /) ik
BORELEEZHEREL TS, L2 LGS, B FEAMATIIRE LB EMRTE L -
720 21U, GPCHHroH 7)) » 7RIS B wReMED d 5, GPC Wi T, BER L Rp L
THER L2 EH 2 5N EBMIZ AN TE LWz, BERMUADTIZRE L7z, >,
WEBREHIARBRI S TH 722 EFHZ b, Atk BERIEHTHE Y 2 ) PEHET 5K
WE G 51203, w2 2R, 5K INT 2LE1H 5,

funori-LE (X 4 (@) Tl¥, E—7 b v 7PETERSTHICEEIT S & & 412, 5TE=10"°
Wil =7 B LTwb, 2HE—713, Lysing Enzymes O E— 7 i & 58401213 —
LTV nicd, BERER, 37 2 ) aDOS RO TN DR B 5,
funori-Z (X4 (e)), B XU funori-Y (X4(f) Tl¥, E—7 b v 7 PETESGTILL TS,
F 72, funori-Z T3 TH=10"CKE L E— 7 PHIR L, 5 TR=10> TN E— 27 5K & <
o TWaD, Wiy, Zymolyase® DRGICASLNLE—=IiEE — LT\ 5720, B
kot DLFHEZ 515, funori-Y TlI, 4 F=10" K& % -7, B X TR =10*
FHECH 727y a VT —E—= 7 RN T W55, b3 Yatalase ™MDy IcA 515 E—
7 =B LTWwE 72D, BEHRDLDEHZ LN,

e b5 Bt%, 7 HBEOZRERLO 5> Fw 4 T3, $#12 funori-LE, funori-Y TE—7 b v 7’
PE SIS TN REEI L7, o7 B S TRAAZX 5 IRT, E—2 & v 7OlEs 1
i~ ¥ #hH: 13, funori-Y > funori-LE > funori-Z > funori-P =funori-L=funori-A T % -
72,

P Fo#E%n 5, Yatalase ™, Lysing Enzymes, Zymolyase ® (3, Kt 7 Hf: F T2,
W7 ) D FREEES FALIELHENDH ), W7 ) VRGO FEIIRE T\ I EF
ZbNb, ZOMDREDOGTESATIE, E—=27 by 7OHETORBENH Y, K7/ )ik
BDGFIEDF 2 HILE D, SR TH W,

—7J7, WEERLERE L 72 SRERER L O 6 BRI RSB 7 /) R 0o A 2 X 6 12N
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(a) (b)
------- Proteinase K seerees | ysozyme
smssssssa FUNOF-Q asssssnszeze FUNOIT-Q
20000 - funori-P ;f 20000 F e funori-L
= ; =
[ 3 [
° : °
T 3 T
= 10000 | \% = 10000 T ¢ X
T T ;f ‘
4 \
:‘ %%
. - g . ; "
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
log M log M
(c) (d)
------ Achromopeptidase sevevee | ysing enzymes
s FUNOFI-Q sesesocse TUNOF-Q
20000 [ em—funori-A 20000 | == funori-LE A
5{ %‘%
= ; = H %
[ )
g / E i\
o o é’ 9%
= 10000 | 5 = 10000 | ' "
k] °© ;
\ \
\ \:
A \ \
-, p . T R SRRy A !
0 il L % L o Lelx PR L L
1 2 3 4 5 6 7 8 1 2 3 4 5 6 8
log M log M
(e) ()
------- Zymolyase eeseer Yatalase
sessoscsceoeee FUNOF 1 -Q funori-Q
20000 funori-Z 20000 | funori-Y
: / :
2 - 2
- e -
£ 10000 r %% £ 10000
0 A .k’%‘waj L L L 0
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
log M log M

X4 HAERERR & SRR 7 /) D518 (BORHRRE © 24K¢[)

(a) Proteinase K, (b) Lysozyme, (c) Achromopeptidase, (d) Lysing Enzymes,
(e) Zymolyase ®, (f) Yatalase ™

M : 215, W:ER, d W/d logM : BT logM Y4720 & FER4r3H)
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funori-Q
______ funori-P
wnn o e fUNOF -
20000 F e funori-A
funori-LE
uuuuuu funori-Z
— - — funori-Y

dw / d logM

10000 -

log M

X5 %*@@:ﬁ(&t’i’t‘ﬁé@*ﬁ%7/ ) Doy R A (BOSIRER] @ 7 H )
(M @ 5rf4, Wik, d W/d logM @ HALlogM Y72 1) D fksr#)

funoriD-Q
----- funoriD-P
— - = funoriD-L
20000 F  seemerees funoriD-A P
funoriD-LE -
wwwww funoriD-Z
=« o fUNOriD-Y

dw / d logM

10000

log M

6 MR A Lo KRR & RO OREEL 7 ) sy fsr A (BOSKER ¢ 6 KRR
(M : 5, W:ER, d W/dlogM : ¥AilogM 4721 R K)

T 2TORKT, BRDOFM L T WHRIRIC L 27 /) o5 FRmamD%b e 13T
FREDZALS A STz, 65T, HMBIEEOERETOM LA L) 12, AR DRSS TI,
MR OIEE T, W7 2 VIS BT 5 2 L L Lo 72,

MC (400cps) |3 E R F4 55 =10%7, MC (4000cps) (IR P FH=10"TH Y, %
ﬂ%‘i’t Sr =10 4 fmE=10"%CE—7 b v 7 EZRT IO TR E DD,

12 B FERE TR % O S 2412 > MC (400cps) D845 4h 2 X 7 12, MC(4000cps)
@’“?%ﬁ‘f%l X 812 T ., TNHDHRTI, Hﬂixuﬁﬂt LT, &ZEERES L ORREE D%
FTEANLRT . FEDE 5 2D MC T3, (ZITFEERICLL Fofn %2 78 L 72, Proteinase
K (X1 7(a), [X]8(a) 35 XX Lysozyme ([XI 7 (b), l 8 () Z/EH 372kl Tlz, & RS
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(a)

dW [ d logM

dw [ d logM

(e)

dW [ d logM

30000

20000

10000

30000

20000

10000

30000

20000

10000
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Proteinase K
smmmeen MC400-Q
MC400-P

....... Achromopeptidase
| v MIC400-Q
MC400-A

T

. «s Zymolyase
[ = = MC400-Q
MC400-Z

log M

(b)

dw / d logM

dw [ d logM

dW [ d logM

30000

20000

10000

20000

10000

20000

10000

Lysozyme
| s MC400-Q
MC400-L

2 3 4 5 6 7
log M
....... Lysing enzymes
= MC400-Q
MC400-LE
2 3 4 5 6 7
log M
------- Yatalase
MC400-Q
MC400-Y
1 2 3 4 5 6 7
log M

M7 A XS5 MC (400cps) 5 FRoi (ISHER © 24150

(@)
(e)

Proteinase K, (b)
Zymolyase ® , (f)

Lysozyme, (c)
Yatalase ™

Achromopeptidase, (d)

Lysing Enzymes,

M : 5318, W:ER, d W/dlogM : WAL logM Y4720 o &EE5R)
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dw /[ d logM

dw / d logM

dw / d logM

30000

20000

10000

30000

20000

10000

30000

20000

10000

B B0 e e A ORI A R B DR

------- Proteinase K
sessnesens MC4000-Q
MC4000-P

1 2 3 4 5 6 7
log M
------- Achromopeptidase
| e MC4000-Q
MC4000-A

sesnnss Zymolyase
MC4000-Q
MC4000-Z

log M

(a) Proteinase K, (b)

(e) Zymolyase ®, (f) Yatalase ™

(M :orf5, Wi, d W/dlogM : HfilogM %472 Y) DES )

Lysozyme, (c)

(b)
30000

20000

dw /[ d logM

10000

30000

20000

dw / d logM

10000

30000

20000

dw / d logM

10000

Achromopeptidase, (d)

E0F A

i JIEE U

PR No.b2

eeessee | ysozyme

= MC4000-Q
MC4000-L

....... Lysing enzymes

MC4000-Q

MC4000-LE

------- Yatalase
MC4000-Q
MC4000-Y

log M

X8 ®HmERK LIStk MC (4000cps) D4r-F550A4 (BUSIRER] @ 241R5R)

Lysing Enzymes,
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(FITIZZAL L e > 72, MC400-A (X 7(c)), MC4000-A (X1 8(c)) TizE—7 kw71
KAt L7z, MC400-LE (X1 7(@), MC4000-LE (X 8(d) Tl3, E—7 b v 7R E K
aFAEL, FE=10CH 2 E—7 2B L Tw b, F 72, Achromopeptidase 8 & O
Lysing Enzymes 7¥ MC D45 f- 853412 B3 3522883, MC (4000cps) @13 25 MC (400cps)
LD L RE VMDA Sz, MC400-Z (X1 7 (e)), MC4000-Z (X 8(e)) I L ~, MC400-Y
(X 7(£), MC4000-Y (X8 (f) TlF, BEXHROE—I7PRIL TWaL, E—=27 F v 7
AL A B NI - 72,
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Effect of Enzymes on the Molecular Weight or Strength
of Consolidants Used in the Conservation
of Mural Paintings

Keiko KIDA, Noriko HAYAKAWA, Yoshinori SATO, Noriko OKAWARA,
Tomoko WADA, Kiyohiko IGARASHI*, Rika KIGAWA
and Wataru KAWANOBE

In the treatment for the conservation of mural paintings, HPC (hydroxyl propyl
cellulose), MC (methyl cellulose) and purified funori extracted from red algae have been
used as consolidants. In this treatment the plaster wall is repeatedly cleaned and consoli-
dated. Nowadays, some enzymes are applied in a novel cleaning method to decompose and
remove fungi or stain from mural paintings. This method aims to release and break down
the components of the fungi or stains. After that, the painting surface is wiped with water
and consolidated for support again.

In this study, the effect of enzymes, which may remain on mural paintings even after
cleaning, on consolidants was investigated. Six enzymes were chosen for cleaning:
Proteinase K for decomposition of protein; Achromopeptidase and Lysozyme, which are
cell wall lytic enzymes for decomposition of biofilm formed by bacteria; Lysing Enzymes,
Zymolyase ® and Yatalase ™, which are cell wall lytic enzymes for decomposition of fungi
or yeast.

As a result of analysis of the changes in the characterization of purified funori and MC,
it was found that these consolidants were affected by some of the enzymes. Purified funori
was affected by Protainase K, Lysozyme, Lysing Enzymes, Zymolyase ® and Yatalase ™.
It aggregated and produced a white substance after 24 hours’ reaction with each enzyme.
Especially Lysozyme responded to funori significantly, causing high aggregation in a few
seconds. Zymolyase ® , Lysing Enzymes and Yatalase ™ reduced the molecular weight of
the polymer components in funori after 7 days. This means that polymers in funori were
broken down to smaller sizes. Both 400cps MC and 4000cps MC, when they reacted with
Lysing Enzymes, Zymolyase ® and Yatalase ™ respectively, yielded white turbidity after 5
days. When MC was reacted with Proteinase K, a strong smell was produced. In addition,
Achromopeptidase and Lysing Enzymes reduced the molecular weight of MC after 24
hours’ reaction.

From these results, it is suggested that Achromopeptidase is appropriate for cleaning
mural paintings when funori is used as a consolidant, while Lysozyme is suitable when MC
is used as a consolidant.

*Graduate School of Biomaterial Sciences, The University of Tokyo



