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Fractionation of Proteins by Countercurrent
Chromatography Using Reverse Micelles

Student : Ching-Wei Shen Advisor : Tiing Yu

Institute of Applied Chemistry
National Chiao Tung University

Abstract

Surfactants soluble in non-polar organic solvent form reverse micelles,
which provide nano-size waterpools. By controlling pH and ionic strength,
protein molecules can transfer between aqueous and reverse micelle
phases. The processes for purifying proteins using reverse micelles
usually include forward and back extractions in which protein molecules
are transferred from one aqueous té’another aqueous solution. Most

researches only involve purifications for single protein.

Countercurrent chromatography (CCC) is a technique of liquid-liquid
chromatography. This technique is suitable for preparative separations of
biomolecules and natural products. We use a two-phase solvent system,
i.e. the aqueous (mobile) and reverse micelle (stationary) phases to
separate protein mixtures. The stationary phase is a 100 mM sodium
bis(2-ethylhexyl) sulfosuccinate (AOT) — containing n-hexane solution.
At 800 rpm of a high-speed CCC, the volume of the stationary phase
retained in the separation coil (total volume 28 mL) is 12 mL. The mobile
phase is eluted at a flow rate of 1 mL/min using pH and ionic strength
gradients. Sample solutions are composed of myoglobin, cytochrome ¢
and lysozyme. The effluent was collected every 5 mL and analyzed by
HPLC and Mass spectrometer. The result in the individual protein
collector showed that the recovered purity for cytochrome ¢ was 85%

while the recovery yield reached 64 %. We expect applications using
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CCC with reverse micelle phase may provide a useful method for protein

separations and purifications.
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(hydrophobic group) 4 % .-k 4 £ & (hydrophilic group)#f s = > d >t~

EHALK S - BN R VR AR SR e kA o Foo FEE AL

LRI A (DRBAADT T 7 A BRI

BAET A A Al 20T AR 6 EEAI(R 2-1) 0 QIR R B B

=

Aip Rl 50 &K E R 6 R F A kRORAR R > T AR LR
)’é»?fjé_;‘i’}(.u % Jbl Lé@ ) SFA'\ :—; ﬁip ﬁvu }\ ﬁim Jbl }\mﬂ 1] /\-:' r'}éiﬂ ’
& -8 £ 5 & HLB # (hydrophile-lipophile balance)ii i %% (&

2-2) > HLB iE4% < » & & Fom s ki B 4% < -

2.1.2 pere B3 k jirvE
(1) #z*e (Micelle)
bokidiR e o b w AR AR R L7 E R gk
I P e (AR £l T - St A U
FERREZ BRI - BAE CBRDPEP TR GRS CBFERTE
é’?*ﬂg%ﬁm 2R 2-2) 28 d Wit T HE B G S A
mok? BE Ao A AUKAP U ERS I RE S TR RA R
AR AR Bk s B R R - BRI L e
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sodium bis(2-ethylhexyl) sulfosuccinate (AOT) > FW : 444.6 > purity >
99% > (Sigma,USA)

2,35 S

wr ¢ % C (from horse heart) > FW: 12,361 > 97 % » (Sigma,USA)
vt F-v  (form equine skeletal muscle ) > FW : 16952 » 95-100 % >
(Sigma,USA)

7 Fp* (form chicken egg) * FW:14307.> 97 % - (Sigma,USA)

3.% 75 R

Hydrochloric Acid, HCI, GR grade (Showa, Japan)

Potassium chloride , KCI » GR grade (Riedel-de Haén, Germany)
Potassium hydroxide » KOH > GR grade > 96.0 % > (Showa, Japan)
Tris(hydroxymethyl)aminomethane » ACS grade » (TEDIA,USA)
KH,PO, > GR grade > 98.0 % > (Showa, Japan)

K,;HPO, > GR grade > 99.0 % > (Showa, Japan)

4.7% &

n-Hexane > HPLC/Spectro grade » 95 % » (TEDIA,USA)

o

Acetone Nitrile © HPLC/Spectro grade , 99.9 % > (TEDIA,USA)

2 33 -k » 554 Millipore (Bedford, MA,USA) 57 Milli-Q plus EJZ -
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329 HRE
(1) & 3 & 47 R
i 29 % % 5 %% Model 1000 %] HSCCC > £ = R #L ¢ # % &
Boow g o B EAEL A (Teflon)H > L 44 2 g4 0 P T
NE) o hEL 18 ¥e(32 A R) o mEREL
300psi(21bar) ™ ™ > @iE S0°C > FHBAF R~ 28 T > B 3 fde
Bl o>m haz A E 2 g P 1/32 me4(08 2 %) o 4
=5 116 #ed(l.6 2 4) > 11+ F AR ¥ P Chemical Research

= 1/16 ®m (1.6 -

Supplies(Fairbanks+ Addison, IL60101, USA) o p* ik Bidd 7 14244 A
0~1000rpm > % ¥ & - Bir4a? > B fAHAd Aol dGro
2 % B 130 5L)Rid o IR AEg 1 R o
Q)R FF

Series II Digital HPLC Pump @ /& #+# ¢ 0.0lmL/min ~ 9.99
mL/min > p£p Pharma-Tech: Research Company (Baltimore, Maryland,
USA) -
G)¥ & F

¥ B £ 4] B LabGrad ¥_¢ Lab Alliance =~ # #i$ » % & Series III
pump £ % ¥ faw b Ap m S R S HR
(4)® e ik Ap K 47 B

d Polymer Laboratories % i¢ &PLRP-S - 300 A° - 15 pm &>t
reverse phase column » * % F—v F s {72 2§ o
(5)& + i pl* UV-Vis 1§ ip| B

Shimadzu(Tokyo,Japan)SPD-10Avp 3] » &2 i £ F "gid & > B 4 7

Ba® R KT I AT REIR AT FAGLES T o AT ) otk
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AT E PP BRINEL > ¥t A ks {54 s i B o
(6)f% 4& & 3+ (pH meter)

A 55 % Microprocessor pH meter SP-2200 g+ %& RELFT
2753 £ 44 * Mettler Toledo InLab®422> ¥  i#| 2 pH##* ] 0~14-
(T

d 4 B Hettich 2 & > A|5. 5 EBA20 > & = f#i# 6000 rpm > # =
a4 5 3421¢g
B + % =

Mettler Toledo AE 240
(9)ESI-Ion Trap MS

Bruker Daltonics Esuire 20001 (Leipzig, Germany)

(10)MALDI-TOF MS

Bruker Daltonics Biflex IIT' (Leipzig, Germany)

3.3 R BinfL

331 B R{rHk S H A

(B @& F o k784073 R

#* 23 100 mM AOT s n-hexane 7 #73 /% s #4p o
(2)B i R AT H 4R B R - BB R

s

% 40A; 0 7 F 50mM Tris-HCI ~ 0.1 M KCI ~ pH 7 % /% i
#49B, : 5 % 50 mM KoHPO, ~ 0.1 MKCI ~ pH 12 % 73 i%
L

% 40A; 0 7 F 50mM Tris-HCI ~ 0.2M KCI ~ pH 7 % /% i
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#4pB, ¢ 3 3 50mM K,HPO, ~ 0.2M KCI ~ pH 12 3 73 i%

P =

% 40A; 0 7 F 50mM Tris-HCI ~ 0.2M KCI ~ pH 7 % /% i

#4B; * 7 3 50mM K,HPO, ~ 0.6M KCI ~ pH 12 % % %

(3)® rxic i AR K ¥7 85 4R % R

#470 C: 5% 0.1%TFA ~ 20 % ACN &k i

#40D: 54 0.1%TFA - 80 % ACN ki3 i

(4)F-v Tk &5 R

PBdvic fow ~dmfe d F CHoil ﬁﬁﬁj@\ f% % 48 Ay(50 mM Tris-HCI ~ 0.2
MKCI ~ pH 7 & =% %)? > F¢ FIERIZ S 2mg/mL -

3.32HSCCC ¥ # % ,‘56:--}5,2;

B LY hoB) 3-1 AT

(1) * 4 3% JTF rinsE 3mL/min %5 38 #F E 8 BB F 4 o
Quzt g @ T RE > @ 2 #E:#E 3 800 rpm o

) HFfE L R FF HF4p A i 1 mL/min 37~ 3 3 300
Rrik e o

D% 7 A7 £t adFEpEI g 7F UV # R E(280
nm) > & FMEAEE_o

(5)it» 36 FiR &3k lmL Z41* f4p A+ B &7 i T chifh
BB o i B K A A 49 30BE o

6)F Sodmich-F o TEFY 75 SmLjcdik e ed™ Lchd
ehpH & o

(MR FFSis > #gEFn TRt s 10 g 5 ¥p p i
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P
T

4

e e Ao lAR ALK o 1 K} B AR SR e L Ay

o

3t
g%\
=k

i

(&)1 5 Ak P FR(1:2)i8 &4 60 mL % ¢ 41> £ 12 60 mL 2 g+ -k

3.3.3HPLC # #7{c f i% 7 % 5 3

B 4B 3-2 #1or
(1)1 * Reverse phase HPLC # * #+4p C * 4% 15 4 48
(2) 4 # ¢ ™ 3000 rpm s 5 A4k > 2 {871~ 20 ul i » HPLC -
(3)rudo4p C+D £ 20 A 48N tath B+ UV R Bk
(4 ER 5 02550~ 100 ppmiehg-v F 51 5 ik
e g iy FER o

Z_7 280 nme
¥

C TR R
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Frd REaun

41 Jefir2 o732

g4 * HPLCWF 14 2204 482 p A 4792z Fev ~ mfe & ZCIY
25 FfF k9 FRE4 0 & * g 41 E polystyrene-diviylbenzene
reversed-phase HPLC column (PLRP-S) » i #f cfreversed-phase HPLC
FHAE L ¥ wdd Fena s o A4 38 FiR £ % 12280 nm
UV R E(R4-2) I RABP g2 A~B~C-~D> 58 {riRE 5
gtz 18 % A1 min) i fwre & 2 C > L4 B(9.4 min) &% FfF o
B 78 vis Foo 1R BpF 0 Bl4eBuk IS B % C(14.8 min)frD(16
min) > 3% 409 nm¥ Lk E B PPTEGe chiE % 0 B3 A H - W5
D’(16 min) » d pt 7 drCH B AAGLE280 nme¥k ¢F =k » @ & @z 4
A £ 409 nmF 2Lk AT i p] > 4p F B D4 B BF 5 280 nm? 2 409 nm
S o

R0 Lo HAERESP T A S TA BT R T (R
4-4) > % C(14.8 min) H ¥ iz v A F £ 5 516954 @ % D(16 min)
AR E6160 FIP AP T R TR E i v 2 ¢ dhhemes + (]
4-5) ¥ kg (3SR AR T g e B8 frheme s

g T 2P A % ¢ > reversed-phase HPLCA 47570 3v 2. {4
&

254 F L pEC DR F] o 900 ey AR VY R A
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¢ 2C) LB iz v )L 2 % C(oviz F-v  without heme) » 4 *
0~25~50~100 ppmz 7 f kB hj-v FHRE SR ER > 2474

ek g @ ke TRA -

42MBREREFTARFS T REFAHES
4219 %-
i % @ $4p 0 50 mM Tris-HCl ~0.1 MKCl~ pH7 % 3% » 1 2 50

mM K,HPO, ~ 0.1 MKCl ~pH 12 %5 % » H 4R Shik i 2 :a >
& EP R AR S Ao R 4-6 “1 7 0 F LA A 28 mL > {8 P4
WEGE S 9L 10mL > R F7 USR] 4-7 T o

d TR Y L AR T ed 40 4 4 BB K suip g 4 AR
T F ARG g BRI E N gt gl 1 G Fed
RS2 KR R R R R R R AT i
AT F A A G PIE  Bd Fena Yok Ay ALl e A
PREZEAFIIHIBR AN REFTHLPRA 2 32 AEL KD

AR

422 [ %=

RS EEE LR PR BT RS Py

#

BA4g 0 50 fRApIEaigl AP KCLERR BT 02M #

5
Rt

e

fBAR G R ARIR A SR AT o BoARIR &0t B4l 4-8 S
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F o= i R AT BB 4-9) L fETEF S ’ifltén%’ﬁtﬁri}éfi?ﬁ
BAp WAR-RAP IR AT e g o FIL G BE AR R F T &
FAY oM R RA o B e R TR S s B o g F AR
pH EH- A% » VP EAFELEAYE > L Z B 2 TR L A
RRIEAFBE DTS F o indrendeip s B E 17 F 0 K LB
ipH & (8 4-10) » ¥ drddpchpH B 7 3] 12 REHEH o

d HPLC A {7 & e F 7 chdv FIER (% 4-1- Bl 4-11a)11 % 3
vORAREE R (% 42> B 4-11b) > d 303 Foo chpl 9 5 70 A
WPpHT7 T Foo F4d o @T m 2y AR & & & AOT (7
JriE® 4 o) o i Fod Ak 3 A Bl 5 48 - cyrochrome ¢ {3 A
fed 3-v FapH7HZ P4 T RIafr AOT F firie § 5 =~ sl

A R LR AR A Bt hed AR K o At Bed 2

(7

o PHRBEAPH EVEIR MR FD Fend a2 T i w%d % C
G+ pHT7 2 B 3 pHO el 42 0 2 6 & T 78 prhkds > o HEHFE
Pcre #3514 BB > dmfe d k& C 3R F jive v BlE AR oK
RO BRAMFESBEE R o ¥ pH BB F 1 11 =+ 0 B Fif A

B % e fe AOT & jicie e 51 4 5 3B 350 Flm w DB qp Rz ik @ o
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o
N

BEHFET T e E 16 % (£ 43)0 %Y A [ B phik ©
H

(pH130r 14)8 5 T @ LB do FiEl APEERLEF T %

o FepRek B2 R B Rk .

4238 5=

;nﬁ%@ﬁﬁﬁ@ﬁﬁ’ﬁw%ﬁﬁﬁpH%ﬁ%&iﬂ’ﬁ
se » KCl H§ e 5 Ap e+ 56 & > 252 1 pH 7~12 épddk # & fr KCI
0.2~0.6M e+ 5 A A& > R & 400 &b GlAc ] 4-12 #4757 > 5 d pH
EHREH IR T T BT B R PH T RHBRY R
WAook fere ch drier 4 o

R % = 603 B0 40 AsfoBaSUE 12 MR (W 4-12) > J8GE 0 A 47 505
B¥ LB (R 4-13) 0 ZFdedk 2 @5 20 £ Fo Fick & > Rl
&P apH% (B 4-14a) ) TFidTF B3 4 > 4B ¢ ¢ pH
BACTEHP B FH R L B > FEA@Ap R GR & 1 KCLE B
TE Rl 4c(B) 4-14b) o §1* HPLCZ_E 30 ¥ 7 £ (% 4-4,B 4-152)r 30
TAR ¥k & (& 4-5,8) 4-15b)12 2 F3 #0% Fev W (R 4-16) 0 7w #
FlE-v FApHER 85%11 F > WS 60 %)L b ek o

WP SR e R ks AR A P gl Fou frimie 4
2 CHw kR ey THHER L < (£ 430 % 4-6)> 23
Frenk Bfodd TStk RIOT B2 vt F 16 % * F#H = 5] 60
% > Fli A F ke pH @4 A FEEE > < R FRF R T
vl A F SR T KCl 33 k& 0 5 oactE M0 [T R e chiE

Toald > RIBFMFE FBw kY o
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TR b ok Ap R o B4R AF T enE e s dp o

ip 2 pH Efr @ &0k & A % 14 47 02> lon exchange sk 2

»

|
=

R FIRE R e Ry FAREE R 90 % )t B0 2 F e 4
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(B)~ B o B @A kb A H

(A)
CoaE A R e A X BT AR § s A
oo < RIS SR
U ak Lakat
(B)
il T e | ALK A
%3758 ®  —COONa
R TR '@ —COONa
(Anionic surfactant) s —SO;Na

Bi"y®  —OPO;Na

R1
£33 A TS M | B
P 3L ;t]illmlr'r fl R2—|}1+—R4 cl
(Cationic surfactant) R3

ER e IEY e
& e A RyN'—CH,COO
(Amphoteric surfactant)

aps Ak o A
A | Y e CH,-O-CH,-O-CH,-OH

(Nonionic surfactant)
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% 22 (A)~ oK

(A)

(B)

~ Fok 2 | e HLB %8k

(B)~ %I HLB g2 % 6 &4 & # 5.

Hydrophilic Group [Hydrophobic| Group
number number
—SO4Na 38.7 —CH— 0.475
—COOK 21.1 —CH,— | 0.475
—COONa 19.1 —CH; 0.475
—SOs;Na 11.0 =CH— 0.475
N (tertiary amine) | 9.4 —CF, 0.870
Ester (free) 2.0
—COOH 2.1
—OH (free) 1.9
—O0— 1.3
—OH (sorbitan 0.5
ring)
HLB range Applications
1~6 W/O 5t it
6~9 g o .
M RA (wetting agent)
818 O/W 3t it A
13~15 ] (Detergent)
15~18 se3 A (Solubilizer)
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# 2-3(A)~ F* aopn R ata () A1 R 6 1A
(B)~i3a»k? F 2 (f)T Fengdls =

(C)~* B+ AR 6 BEHEEF L T FEHR

(A)

Name MW Type cmc
(ppm)
hexadecyltrimethylammonium bromide 364.6 cationic 350
cetyl pyridinium chloride 358 cationic 525
sodium dodecylbenzene sulfonate 348.5 anionic 500
sodium 2-diethylhexyl sulfosuccinate 444 anionic 1110
(B)
Name Formula MW type Amax
(nm)
methyl orange CisH1403SNa 327 anionic 510
orange G Ci1sHioN207S,Nas 452 anionic 472
eosin yellow CroH¢Os5BrsNa, 692 anionic 517
methylene blue C16H13CIN5S 373.5 cationic 660
malachite green Cy3H,5N,Cl 365 cationic 618
(C)
Dye surfactant solvent KC Kd
(mM-1) (mM)
eosin yellow HTAB amyl alcohol 5.06 1.54
orange G HTAB amy] alcohol 4.73 1.86
methylene blue SDBS amy] alcohol 8.62 2.29
malachite green AOT isooctane 1.98 2.51
methyl orange HTAB amy] alcohol 31.0 4.17

HTAB : hexadecyltrimethylammonium bromide

SDBS : sodium dodecylbenzene sulfonate

AOT : sodium 2-diethylhexyl sulfosuccinate
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241 P B F R TRA

Tube Number vuis 36 (ppm) | e d & C(ppm) | i3 FFF (ppm)
1 0 0 0
2 0 0 0
3 186.0 0 0
4 55.8 0 0.2
5 6.3 6.3 0.2
6 1.3 9.0 0.2
7 1.3 25.4 1.8
8 1.6 40.6 1.6
9 3.4 51.0 1.5
10 3.4 38.8 2.6
11 0.4 26.1 23
12 4.9 22.3 1.7
13 28.3 3.6 26.0
14 10.1 15.9 12.3
15 0 39 25.2
16 0 1.2 19.5
17 0 0.4 10
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BA2 RS LR F Y Ed [ TR

Tube Nunber i v (%) Wz d % C(%) % AfF (%)
1 0 0 0
2 0 0 0
3 99.9 0 0
4 99.6 0 0.4
5 49.2 49.2 1.6
6 12.4 85.7 1.9
7 4.6 89.1 6.3
8 3.7 92.7 3.7
9 6.1 91.2 2.7
10 7.6 86.6 5.8
11 1.4 90.6 8.0
12 17.0 77.2 5.9
13 48.9 6.2 44.9
14 264 41.5 32.1
15 0 13.4 86.6
16 0 5.8 94.2
17 0 3.8 96.2
243 - WE B0 Tk TIHERME v iF
Collector Concentration Purity | Recovery
(ppm) (%) (o)
i By 3~5 82.7 97 62
e d & C 6~12 30.5 88 53
e 14~17 16.2 67 16
% FIPE
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244 oz LB E ke FER
Tube Nunber ¥z F-v (ppm) # C (ppm) % F)f* (ppm)

1 0 0 0

2 25.8 0 0

3 194.2 7.1 4.9
4 50.1 19.5 53
5 6.7 20.7 0.2
6 3.0 23.5 0.2
7 4.6 48.5 3.4
8 2.3 59.8 0.2
9 3.0 44.0 0.2
10 2.3 16.4 1.2
11 2:3 14.5 0.2
12 3.6 11.4 1.1
13 9.1 17.9 3.0
14 7.8 12.4 11.8
15 6.9 8.8 34.3
16 3.8 3.9 91.3
17 4.1 2.2 50.9
18 0 0 38.7
19 0 0 19.2
20 0 0 7.1
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245 &= Efch Y ke TAHER

Tube Nunber vz F-a (%) e d & C(%) 75 FpE (%)
1 0 0 0
2 100.0 0 0
3 94.2 3.5 2.4
4 66.9 26.0 7.1
5 24.4 74.9 0.7
6 11.3 87.9 0.8
7 8.1 86.0 6.0
8 3.8 95.9 0.3
9 6.3 93.2 0.4
10 11.4 82.7 5.9
11 13.6 85.2 1.2
12 22.5 70.8 6.7
13 30.4 59.7 9.9
14 24.5 38.6 36.9
15 13.8 17.6 68.5
16 3.9 3.9 92.2
17 e 3.9 88.9
18 0.1 0 99.9
19 0.2 0 99.8
20 0.6 0 99.4
246 FH=WHK Fd Tk TAHERIE ¥ TF
Collector Concentration Purity | Recovery
(ppm) (%) (o)
e G 2~4 90.0 88 68
e d % C 5~13 28.5 85 64
o a 15~20 40.2 89 60
% FIP
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