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Using Affinity Dye in Ionic Liquid for

Liquid/liquid Extraction of Proteins

Student: Ting-Chi Liu Advisor: Tiing Yu

Institute of Applied Chemistry

National Chiao Tung University

Abstract

Owing to the special physical and chemical properties, such as low
vapor pressure, high thermal stability, wide range of polarity and high
conductivity, room temperature 1onie-liquids (RTILs) have attracted wide
research interests. The affinity dyes have been employed in affinity
chromatography for protein purification. In this study, we explored that
lysozyme could be transferred from aqueous phase into an ionic liquid
BMIM-PF¢ with the aid of affinity dye procion blue MX-R in BMIM-PFg.
The forward extraction efficiency (from the aqueous solution to the RTIL
phase) reached ~65 % while the aqueous solution was at pH 7. The total
lysozyme recovery reached ~40 % while a buffer solution with 1 M
sodium chloride was used for the back extraction. The same dye-in-RTIL
solution was found unable to extract cytochrome ¢, hemoglobin, and
albumin. This technique may provide a new approach for protein

liquid/liquid extractions.
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Name or function

1-Butyl-3-methylimidazolium
chloride (BMIM-CI)
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3-1 ##%

3-1-1 & = BMIM-Cl# BMIM-PFg

1-chlorobutane 99 %,C4HoCl,GR grade(Janssen Chimica, Geel, Belgium)
I-methylimidazole 99 %,C4H¢N,,GR grade(Acros, Geel, Belgium)

Ethyl Acetate, CH;COOC,Hs,HPLC/spectro grade(Mallinckrodt Baker,
Phillipsburg, NJ, USA)

Potassium hexafluorophosphate 99 %,KPF¢,GR grade(showa, Tokyo,
Japan)

Magnesium sulfate anhydrous 99 %,MgSO4;GR grade(showa, Tokyo,
Japan)

3-1-2 Fefll 8 03 i SR A

Hydrochloric Acid, HCI, GR grade(Showa, Tokyo, Japan)
Sodium hydroxide, 96 %,NaOH, GR grade(Showa, Tokyo, Japan)
Glycine, C,HsNO,, GR grade(Riedel-de Haen, Seelze, Germany)

Citric acid, 100 %, HOC(COOH)(CH,COOH) ; (Anhydrous,
powder),ACS grade(Mallinckrodt Baker, Phillipsburg, NJ, USA)

Sodium citrate,99.6 %, HOC(COONa)(CH,COONa), ~ 2H,0, ACS
grade(Mallinckrodt Baker, Phillipsburg, NJ, USA)
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Acetic Acid,CH3;COOH, HPLC/spectro grade(Mallinckrodt Baker,
Phillipsburg, NJ, USA)

Sodium acetate,98.5 %, CH;COONa, GR grade(Showa, Tokyo, Japan)

Sodium dihydrogenphosphate anhydrous, 98.0 %,NaH,PO,, GR
grade(Showa, Tokyo, Japan)

Tris(hydroxymethyl)aminomethane,(HOCH,);CNH,, ACS grade (TEDIA,
Fairfield, OH, USA)

Sodium hydrogen carbonate, 99.5 %,NaHCO;,GR grade(Showa, Tokyo,
Japan)

Sodium chloride, NaCl, GR grade(Showa, Tokyo, Japan)

Potassium chloride, KCI, GR grade(Riedel-deHaen, Seelze, Germany)

3-13 Fv FA S

Lysozyme from hen egg white, M.W.14400 pI=10.7 (Sigma, St. Louis,
MO, USA)

Albumin from egg white, M.W.44300 pI=4.3 (Sigma, St. Louis, MO,
USA)

Hemoglobin from bovine serum, M.W.64500 pl=6.8 (Sigma, St. Louis,
MO, USA)

Cytochrome ¢ from horse heart, M.W.12361,pI=10.5 (Sigma, St. Louis,
MO, USA)

3-1-4 L a3
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Procion Blue MX-R, Cy3H4CpN¢OgS,,(Fluka, Buchs SG, Switzerland)

F 57 &% gk 5 Milipore Milli-Q(Bedford, MA, USA) #7182 4

4 ok

32 RKE

(1) % ¢k k—-¥ R k&3 % UV-Visible Spectrophotometer, Hewlett
Packard 8453 (Waldronn, Germany )

(2) % »zic ik 48 & 47 ¢ +L:Reyerse-Phase HPLC Column,Vercopak
Inertsil 7 octadecyl silica-3(ODS-3)
GOH R JF ¥R 454 B LabGrad 2.4 Lab Alliance = 7 # ¢ »

=

L
v

series Il pump, & % ¥ W fAdedp e = 8 & - &

3-3 F & AR
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3-3-1 £ &1L BMIM-PEF,”’

1. 203 23 l-chorobutane(31.3 ml)4r 0.3 & B 1-methylimidazole
(239ml) % r3k 3 @i &Y cn250ml FlARAFLR & #8450 T 4]
2 80C - #F§ 48~72hr» E 34 & &5 ALK
1-butyl-3methylimidazolium chloride, BMIM-CI -

2. g > 250ml AR iEL > de r S0ml e fhe frds kiRl FE A
Ry » B~V R R AR E Y] FIAFYL o

3. BArtE £ F ¢ AR R R A A T 100C AR R0 2 "ff L it fige

4, P~03 & BKPFs 4 ~150mld 33 k¥ > 3T = 28 1% -

5. #A7iH £ F ¢ AR Aty X KPFGR iR BT Y 0 NE TR
FE3 ) pFo

6. FAE{S o M kK D o FAe 3 BT ORI Bk g )
A r Frend B o RgETED > ERSHFI T KK TP 1L

7. K RORBIRE DL A %ﬁﬁ»‘r&i%“/f Ko B e iR

8. #7{8 % % 1-butyl-3-methyl imidazolium hexafluorophosphate,

BMIM-PFy -

9. &7 L B4R 7o
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KPF/H50

phase separation

B 7 ~ Bmim-PF¢e04 = 7 3, B

3-32 el ¥ By

25



1. 12 0.5 mg/ml~1 mg/ml-~2mg/ml>3 mg/mlett 5 > #-Procion Blue
MX-R# % 4c » BMIM-PF¢® » & 38 T 3424 | prig H 3 (% >
£ooor BRI T oJIRHE 30 A b0 9 E A BMIM-PEG ¥ 4
BREARE RGO CFE 30 ABEREFAK B2k
Ao e M FTERS B kG A ERHIS > 4oB 8 FER
BMIM-PF¢¥ 4 #lk B » d UV-Vis spectrometer T_&

2. FEFE S B A02-0512mg/ml(dye/IL) A -k ki %
Bep @ e » AR vt B[ ﬁ%«ﬁ%ﬁ‘ZO Z(1lml %24 +19ml ©
@)%%%HiUwﬁwmuﬁﬁ B 587 nm e o 8 4 dye ¢
ER (TR d R ‘)?“?%‘E@ mi{%#g # > Procion Blue MX-R #1E

FRARTT fE Fao

M Remove Remove

quectis Agqueous
phase phase

B 8~ Fe @5 P4p T & F

3-3-3 R E PR Pocd el
#-Z 8 pH 7.0 <7200 mg/L 73 FpE-R B R E E P~4p (2 mg/ml

26



washed » Procion Blue MX-R/BMIM-PF¢) 8 » 20 ml& &5g ¥ » 4 W] 1Y

B M5 1020304560 A4 LB FH I T

Be 48 o

4

3-3-4 EB e
1. & »ZB

* 50 mM Tris-HC1 (pH=7.0) % % ;% fic © 200 ~ 500 ~ 1000 mg/L
% FpE KA R 0 B Sml B FEE-R B R E Sml3-3-2 chE Bo4p B
20ml f& 5507 0 AR T EE30 AR B E A K B0 R oKAp

7 HPLC Z_& -

BT R4S AR 3ml B0 - 20ml 55 0 e x 3ml
1 M NaCl/50 mM Tris-HCI(pH=7.0) ¥ =A% > P E > 2 2 T #§

F30 448 FE ALK B Eokiprt HPLC 28 o

3-3-5pH E§ 3-v T F B

1. pe s denin
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0.2 MKCl/0.2 M HCI 3 fz pH # ] 1.0~2.1

0.1 M Glycine/0.2 M HCI 3 fie pH # [# 2.2~3.5

0.1 M CH;COOH/0.1 M CH3COONaz ficpH#= &l 3.6~5.0

0.1 M Citric acid/0.1 M Sodium citrate  fiz pH 4 ] 5.1~6.0

0.1 M Tris(hydroxymethyl)-aminomethane/0.1 M HCI 3% fiz pH 4 ]
7.0~9.0
0.05 M NaHCO;/0.1 M NaOH # fepH#= ] 10.0~11.0

0.2 M NaOH/0.2 M KCI # fie pH # ) 12.0~13.0
Ae Bl pH # ] 2.0~12.0 57200 mg/L 3 %k 7% i%

B

+%

N

ﬁé?—pH% [l 2.0~12.0 9200, mg/Li% F) iz =k % i 4 % B~ Sml& 5 ml
3-3-2 fie @l 1% P~ 4p (2 mg/mlrProncion Blue MX-R/BMIM-PFy)
B 20mlfk&dg? > NE TS RERFE A K
Bdi K okAp MHPLCZ E -

Fo 3B

P-pH 7.0 £7200 mg/L 7% A ki3 % 3 mlgz 3 ml 3-3-2 fie 4l e % Bx

4P (2 mg/ml » washed > Procion Blue MX-R/BMIM-PF¢) % » 20 ml

TEIFLY o ME L3I0 FE AL O BIT RS R

WA E 2T - 20mlfE 5307 o 4 r % A pHEE B 2.0~12.0 i

rpite > FHRET R THE0 A4 FEAR BN Kk
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# " HPLC =z ¥ o

3-3-6 R E R Y g
P~ 10 ml pH 7.0 <7200 mg/L 7% Ffe k% % 22 10 ml3 B~4p (2

mg/ml > washed > Procion Blue MX-R/BMIM-PFy) ¥ » 20 mlfk 5-#g 7 >
U333 T HRIEREF S - XD R F o EBs HrEokAR
e 2 3 l0mlF w FBEERAR BT R S 'Fréviﬁﬁ’*’%",’f’ﬁ#ﬁ"
fer 10ml2 B3 RF R P c BT R3S R E B4R 0 BT
— 20 mlfk S5 ¢ 0 4e » ATERE MR 200.ppm B FREOKIA R FREE
FlwZ F e B RUG H e BRI ML R R Y T

M o

337 R R RS F g B

* 50 mM tris (pH=7.0) % =% ;% & %] fie @ 200 mg/L chalbumin -
hemoglobin ~ cytochrome c-k 7% i, 4 % B~ Smlehd-d H k7% % ¥ Sml
% P~ 48 (2 mg/ml » washed * Procion Blue MX-R/BMIM-PF,) % ** 20 ml
gL ? o B 333 pk NP RIFEEETE 2 F B B o
3-3-8 X PFv WRES

1. 12 50 mM Tris-HCl (pH=7.0) 3 7% i A %] fe 4l lysozyme +
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albumin ~ lysozyme + hemoglobin ~ lysozyme + cytochrome ¢ 200
mg/L R & F-v F-RkiBiR -

B

4

2. @
BS5mliR & v B-RARE Sml P49 8 3 20ml &5 7

R T30 24 _E_/w\é] » Bt b éﬁ’}\'ﬁl” HPLC =z=_

E»:'!3ml“’:%§%ﬁ4i§’§§}fﬁ%_*?5— 20 ml & &FL?® 0 4r > 3ml
711 M NaCl/50 mM TrissHCI(pH=7.0) % =2 % » F R 53" 3 8
T30 4480 FE AR B4 PRk HPLC 2§ o

4. vt $ Procion Blue MX-R A8 & 50 B 3 &7 » #3 Fpe i &

4-1 pefl 554
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&= /F*Jet‘ @aeo e 5 MY 315 2 WBMIM-PF® £ 5 B~ 5%
DNA®» & £ B a3 jp f? 4o » B ile 5 0] 2214 o0 3 (O
At 30 0% FL o il d kS TR R
SRR/ RARE B 6 AR o AR - BAE R Az he

B AT % W BMIM-PF, % 8033 e - 8 B3 ik i B Beh

ok

cE S

R RS PR Rt SIS A S S ey

Fﬁ‘a

Akl (ligand)™ > @ F MAcH A s s 4 o BT S EB TR

NEAFPLABEFEDS TSI ER AT R R i

B 30 B enXPW o F %A W ¢ % Procion Blue MX-R¥ = #
7 125 4 W Bmim-PE®. > @ o % f 8B 57 -

B33 R W BMIM-PFg ~ 1 mg/ml=h3 P~4p 22 0.5 mg/ml s 4L
ki s BT EEAE 20 B 0 RRIE UV-Visso ¥ o 4ol 9 #777 >
350 nm)4 T ek fe §_d 33 % 8 BMIM-PFq#7 ¢ }}% o 1t #i2 Procion Blue
MX-Riz ¥t Kk ip 2 g+ R dp @ hUV-Viss e £ Bl > #FRHE B L =
ok £ e kB Y &% Y (Max=375nm > 587 nm ~ 625 nm ) »

¥ 4rProcin Blue MX-RG i & P B P 3£ 82 4o R i e 3R {S > & 7

TEFEACREIFI R AHERDECE R R TER
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rdye/IL 14 7 AR > BRI UV-vis ek # B > P~ # & 587 nm
ko T EHER (TR & MR hoB] 10 #17  B L okF
Pe R SR BAp 4~ AR e vt G507 AR AR 20 & (1 mldye/IL+ 19 ml
PR ) BB H A S87nm T B o TF I R AR AN K RE

Procion Blue MX-R /3 A& 8+ %48 ¢ thz & o
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absorbance

4 Tt 1;‘-&.
I

T ’-t" -:
ﬁ, '|1 ":
- \ *;\ _‘ﬁ

p'v-

’é:

=T
ki3
';';—,..-‘.w_--,_ _——

—IL

————— dye in H,O

300

T
400

T
500

wavelength(nm)

T
600

1
700

B 9 ~ Procion Blue MX=R %k #p % BMIM-PF¢* &

absorbance

UV-visible & g sk 23 B

0.8 -

0.6 -

e
~
[

0.2

T T
2.0 2.5

conc. (10° mM)

3.0

B 10 - Proncion Blue MX-R st i+ & % B (at 587 nm)
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4-2 Vb B PR 5 B S eh R

H

Bt B0 iR A AATE 30 A SRR E 4T o KU e

U /”\E:T'Ji @5" °

80 =

70 =

effeciency(%)
N w N ol o
o o o o) 3
] 1 1 1 1
L
o
[}

=
o
1

0 10 20 30 40 50 60
time(min)

Bl 11~ HP4E P 4 5 B S ch i R
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4-3 X B3 e
4o 12~ % = #757 » % 4+ 2 449 ¢ Procion Blue MX-R ¢h3 £
Bt Lo FRFEL R 0 BB T LT 65%  WEF I TR AH

¥ & H ¢ Procion Blue MX-R %} 3-v

Bl13 42 5 F o $Bchis s 4oB 7 o S 7 it ] 40 %sh
Bw oo

¥oeb o W org o 2 mg/mlEE 3 mg/mlA fEk & fe Bl ch3 Bo4p o
BRI RGBT R IREG 2RI A PE T R
PELE (LB 14 4 22)sd e 520 » Procion Blue MX-R &8+ /%
FBMIM-PFq¥ 93 f2 & 30503 v & > g ERE I & Icis »
RPN KB RO AR g AR 0 ATILRT R SR 1L 2

mg/mlih % Pr4p k& {7 o
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80 =

m 200 mg/L
@® 500 mg/L
9 | A 1000 mg/L -
60 - [}
50 =
S al &
3 404
& @
3
£ 30+ A
()]
20 4 8
A A
10 -
0 L) L) L) L) L) L)
0.0 0.5 1.0 15 2.0 25 3.0

conc. of dye (mM)

Bl 12~ 7 F 340 R 7 RERS B3 ok R 3 B2 R

ECAVE LN AT s p R

b

80 -
70 - B 200 mg/L
© 500 mg/L

60 - A 1000 mg/L
S 501
=
Q 404 [ ]
3
o) @D
= |
B 301 A
ie)

20- n " ®

104 2 R

0 . , . , v T v T v T v !
0.0 0.5 1.0 15 2.0 25 3.0

conc. of dye (mM)

Bl 137 R AHER ZEDFBAEFE » Fhk
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LS R RARER G EOTIREG F kR DR ARRR R

D

efficiency(%)
conc. of dye(mM) 0.57 1.09 2.54 2.67
conc. of
lysozyme(mg/L)
200 21.1 46.2 59.8 66.9
500 20.0 18.5 34.5 46.4
1000 16.8 18.5 30.7 16.4

2 AR RAER 7 ROEI P AR v F i &

total recovevry(%)

conc. of dye(mM) 0.57 1.09 2.54 2.67
conc. of
lysozyme(mg/L)
200 20.1 22.6 31.7 40
500 10.5 13.3 20.7 33.8
1000 7.5 11.5 22.1 30.5
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Fow PR Sk R v R

concentration of dye

before being washed

dye/IL(mg/ml) 0.5 1 2 3
dye/IL(mM) 0.78 1.57 3.14 4.71
after being washed
real conc.(mM) 0.57 1.09 2.54 2.67
3.0 -

= 2.0 4
©
A
o 154
[y
o
[&]
<
el

N

0.5+

0 1 2 3 4 5
initial conc. (10° M)

70

Bl 14~ 0 s AR ¢ o ek e n R 3 B R B

ETE T

Ik
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Bo Fenz BB REAXT A AR 4 PR R T
Bt (1= AE 7~ gkt arL B (hydrophobic bonds) (2)
4 421t % 4 (H-bonds) (3) #Emrdterns ¥? Z (disulfide bonds) (4) #
T e Rogroup ot 2 B e+ e 31 4 (salts bonds) o » F 56?%%\2’ /,"j‘

/%/

o~
[}
8
e
el
IZ«

w:>;

v i SRk o A4 s €17 -9 T Rogroup

%\-
A

L2 e 4RI Bed TR MR A BET R bR S

AR PRI AR S Fod 2 BRI T A A e

4 F)F F-v Frenga;m is > v ’}‘q‘r“‘;{z}t:&ﬂ};rav,rﬁh % o B
155 2pl 7 7 p NaCl B ¥t Ais F » X R % > F IR
"EF NaCl Jk B e 4e - E p EBonh i be > “TUF B RF VB

fgi%g\n ’Pﬁ’r}? Dol Aok 2 B o e Ao
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80 -
70 =
60 =
50 =
40 =

30 - °

total recovery (%)

10 °®

T T T
0.0 0.2 0.4 0.6 0.8 1.0

NaCl (M)

NN

B 15~ NaCl B & 3 Ape s = 5 Boac sk oif

g
F
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4-4 pH & ¥ v B 5 B g

@;F#Ju* 5 S M MALDHE 3 39 B &g R Mot 2o 2 fF eni®
AL RNAFZFOIER S i RGER 0o g w1
FetteipKa @4k i h- PP S i =T o BT A0 hE g%

o R EREARALF G LT

-

¥ frd-9 F t cprotonated site
% & (deprotonated SO; group-NH, terminus) » 5 7 i&— # FEzu ot
AL b P W enicr 4 gls o AR RIED RIS LA
Foo ZPopEg 03 R apHE » BEHZBF it o B FfFadE R

gé(pl)"llo > ’lfl’—pr ;—; 7.0 q0%E fﬁr,; pi 24 {11 =4 /‘f‘\;ﬁ’qji‘ T%‘

% > 3K Procion Blue MX-RAM § 235 &2 3-v B 3 Apex sl @ B

*“(“
PalN
R
Bt
E
_f-
S
¥
&N
=
5
ok
e
&
s
;;\
A&k
3
A&
F_*
By
o)
an
[k
o
il

0 TV oo e B EF v jiink e F B %S
5 4o 16 #777 > SEFpHE hsf 4 » 3 BTl » F B X &k A%
FPHEHR <~ @ "8 i< GpHE 12 225 Pk » m Hgitag

x4 % 2BpHER v &0 AR P ¥ 08 o pHE 7~8 $1pHiE 23

S

3 Bk ApiT 0 AEr pHE & 2 £ %Procion Blue MX-R¥£2 7% (7%

RS

‘3H-

TAREE L v 5 o Bl 17 5 F v E BB A 0 g E WA

+
-
Gy
A%
"'J \ =

’f\-”/,;j‘ 4r 7 1MNEIC1EVT’M ﬁ'“'/pu ‘ f’}; ri"'?:E‘E‘f”JW" ”I:'C-;}‘
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ST UM LG BTG AR TR Mg e RpHERS T 12

WARE RS AP E B wfT s @ e IM NaClenig iz ™ o

o

FjpF e e s A 4oif ¢ g FpHE ch 4o end 2 > £ A g2 T

"o PR A AT SR IEET > MAr|E 4 L Procion Blue MX-R¥ /%

ko
-
B>
o
w3
P
|
A
~h
T
/‘—
B
W
\H"
>_L
s
e
3y

#3L4 B 185 &% FpHE
TREZPE O BHAKARY A F DA d S SR R SR ek
e OREIARED L fRRAER G M AR SRATET D
%4 2 Procion Blue MX-Rz_ #71 wy B+ e M7 5 24303 2 & T

Flad 2 F S Bapai AR GCB dyedp vt -Ria Mg L 2 o

Procion Blue MX-R 7 23 35748 Bmim-—PFe ¥ #% ' 2-f2 30k i 42 2%

—\\

how R ELR e s AT WA R Tl - o 4o 18 T o
&7 e pHE ™ GBI TPk FIS > T R Y Lo Fpll
ERBFAEY MRk 0 F UBRRIRAp DR FR 4

Wi iFE o @ Aot 4 4 Procion Blue MX-R % 33 ;% ##Bmim-PFs# 12
gk T A RFAE SREEPRART Y R EE S
BAEFTA AAFH? XL ARIEY 4 i T At BALGRH
AT PENAD R > ] AR FAF S AR Z B E 4 i & &

Boe
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B 18 ~ Procion Blue MXeR et pH E-kA4p ¥ e # »

d 2 P LehpH &AL 5~10
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4-5 R WE R " aocy
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dONH R AR H BRI B WA AT B BT L
FFEFBRIfeT U E R E O hiRB AF S E R BT Ry

1

Jets L % 0 TREERBY T T BE AR 19 T 0 KiERS

SF e EBenh g v et TR 31T % R B F456% o ik
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efficiency (%)

80 =

70 =

60 =

50 -

404

B 19~ 35 pige

2,

-
1

I forward extraction
total recovery

SRR

30 -
20 -
0-
1 2 3 4 5

run time

SBHA HpE Bk R

= BB FET S Pk e B

run forward total
time extraction(%o) recovery(%)
1 59.8 45.6
2 36.6 36.6
3 22.5 20.2
4 18.3 18.3
5 17.7 17.7
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4-6 v o F o Fob fFenE B3

0 3ot 44§~ f8 group-specific ligand » ¥t 3-v Henit & ¥
PEBENE - P AT RER B P ehkd TEFF &
PR X Pk o o 3 {EF (pI=10.7)~ #Pv 3v (pl=43)~ 2 5
2% (pl=6.8) w2 ¢ % c (pI=10.5) E % % Fenpl & » A pH=7

P F oW AR Py Fv BBAL PG

bR e deB 2097 > FIMEFRFFTAASIHEE med F o B
REB AP F 3 4 F T 0 #7722 Procion Blue MX-R #4r » 7 2%
SELIFEPREGFLA T AL SR B LRI FY T2 RE
B E gwr— (TF 4 o

5 7 PIE AR B eiE ® enZ P Procion Blue MX-R & 3-v FR £
Pod FBA R FEFG S o A B Fd A LR e

¢ 2R AR E (%5 200ppm) > MAR R B iE TR B o

7
Stk Ar B 2122023 51 0 B W R [ AT o 3 HE
P R R A A e od
ik BUAG PEGDE PR £ B ARG DR T L

i ? A f R inE-e TAR PE Fd

L
(=

13>‘&

WA R T N FpE € IR &



J‘:-,‘f‘:m”
i

% & c BB ER R T R 4

2

B enfB AR RS § - 8 T R
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B 20 A

80 =

70 =

60 =

50 =

40 =

30 =

efficiency (%)

20 -

10 =

B 21~ #3 Fipe s e 3o &

efficiency(%)

80 =

70 -

I forward extraction
[ total recovery

lys alb

v 2 S 4TI 5 B

|

KETC AR SIS

J

I forward extraction
I total recovery
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80 =

70 =

60 =

50 -

40 -

30 -

efficiency (%)

20 -

10 =

80 =

70 =

60 =

50 -

40 -

efficiency (%)

30 -

20 -

10 =

&

Bl 22~ %3 e gk
whf

I forward extraction
I total recovery

L

=1

| M forward extraction
total recovery

B 23~ #3

AN
v

lys

A

B3 fm?

g
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AR R F A R MBMIM-PFseris # & 3K 4p e fd
Procion Blue MX-R§ (£ 5 B~&> 7 22 H 5 MAc4 (£% 3 F[EFiE (7
Lok F oo R FALF R R o AR R B
BenE Bk kME2 20 o p0 2 2 B BALEEAD A SRR T o
Fped g g0 g AT RESF L EF 24 (modification) (% 31

PGS SRR S RN B WAL F B B

B R g 0 0 R R

FEBoOTE  BEFR FANIEE BR Tk 3 A
FAASH ER T ok P %R ATE R LAY F Feonivr 4 B4 - 7

R GREH M o

WA R A R Mg R P ER G AR E Rk

MLH R TR A P nded TR SH 4 S R
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