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Abstract— Silica-based gel filtration chromatography has been used to characterize molecular
weight of proteins. However, the molecular weight measured by this method was distorted by
protein-silica interactions like hydrophobic and electrostatic forces. Therefore, we characterized
protein-silica interaction using two forms of phytochrome (124 kDa) having different hydrophobicity
and surface charge. PH and ionic strength affected the retention time of phytochrome suggesting
that electrostatic force is the major interaction between protein and silica surface.

Keywords [] Silica-based, gel filtration chromatography, protein-silica interactions.

agnpe A g o] 43t
iz e} Fejo] fgk A Aaste) wds) o
2o vy s ojFejA L glvh. ZEwlE 1Y)
& o4 Ay el IA Bab =) %
o] & o]43h= gel filtration, 0] 24 EAIL o)&3l:=
ol 2w FAES x5 o] £3H= hydrophobic Ei:
o]-&-3}= affinity

A 1A 2E 53

3

il

reversed-phase 12]3l Eo]uks-g
AZREINAR E F gk
A7t AL 71 el o)fEe AY EAZA
e A=A, =& AR W ok 59 Axle)
, 3219 silanol group- bonded-phase Z %] ]|

o] &g a5 viehlo] A8 Ee] 55
elol] d&-g uvjAr} E3, gel filtration ZLER}E
Zref el 9le] silanol group] vha7)S ¢)sted hyd-
rophilic organosilan organic polymer %2 A}
3k gl 2 Al aes A Aol gel filt-
o] g8k chilale) FaleF &4 st &

ol o
/\Av—

T
T—CL_

rationg

461

Hel 93 F2 g3 & eyl WYY
A7} Ee] o wde] Fae] slelshe &
¢l &2+ electrostatic interaction, hydrophobic inte-
raction, hydrogen bonding Z2]1 Van der Waals
ot wRAs FAAYE
240 mAE Ml o

= o

force S-o.3 uhsA

shafehien) Q1o %

A AETE) 014 vehan Slek Messing 5-&
Aejzh mde] oA FRARL FaAYe) 74
zg-olelar ksl 1, o]of s Mizutani 5> 8M

urea A2| Fo= whillale]l Fato] {2 Ao
Ho} 5]5‘—6} 4 2% ARk ukakalgiet. Bre-
sler 52 porous glasse] & influenza virus9l &
2] of {)rﬁ\l' Aol EZI)9] F7h= hydropho-
bic g0 2lgt Folelal ALk
Ala]yl,_p].uﬂzl iz}-%ixloﬂ c}]?’s} o]s“ = _%_jgl- )
nded-phase gel filtration ELEU}E:/JHJ].J
Aol WY PRk oz} Hago] Abgeol

bo-
5l

=
—:*X]
Froha



462 BESI

e WA, 32 E Fo wA A (eg. insulin, in-
terferon, interleukin)ell A1-2%l= §-2)47]d <3k
oFge] AR FAl Fojuz £ gl
oejeial Azl

Z A¥d| A14-% phytochrome-2 tetrapyrrole ch-
romophoreE 7+ chromoprotein & & 4] 8-2] 5o
u}z} 120~127 kDa2] #2122 7}x]+= photoreceptor
ofch!V o] ©wlALe A,=666nm FE F5Is
v]&A phytochrome(pr form) 3 Agp=730 nmE ¥
s8}= #A phytochrome(pfr form) o2 )3l
A7) 2Are] ol 93] $-o)31A photoreversible 3}
t}. Pfr forme &A% 7}AY pr formell B8l hydro-
phobicd 722 delx glom, Thld FHe] cha-
rgeT Ao)dh Ao gzt £ el v
A9 13} F2E Ut AFe] At=E phytoch-
rome®] 5#& o)43te] Aelst Fwa A A
o]9] AtZ =g E3] hydrophobic ¥ electrostatic in-
teraction® @slglow, 1 A FH AlszaLe
electrostatic interaction -2 #elalgich

A

Phytochrome2| HH|—tAlolA] 447t Auid H
2o 4] phytochrome& ®&|AA] slgch? wE& A
.8 4C green safelight 3lol4] ammonium sulfate
A, HA zZEvE 289, ammonium sulfate back-
extraction Z8]3 Bio-Gel A 1.5m #HAZ Z-¢ FHAL
E3}o] o]Feoizlen, 7 $xE+= SDS-PAGES] o1
bandZ4 #<l3taich

Phytochrome2| photoconversion — 666 nm
666 nm interference filter(Oriel C 572-6600)% 730

m 2 far-red cutoff filter(Ealing 26-4457) 5 L
2]2 Bausch microscope illuminator® ARg-3}od pr
«—pfr2] photoconversiong a3t}

Steric exclusion HPLC—HPLC+ Perkin-Elmer
Series 4, UV detector= Perkin-Elmer LC-85& A}
£3tgiek. Zye TSK 3000 SW(Varian Micropak,
silica-based hydrophilic gel, $12k=7] 10~13 pm,
pore Z7] 2508, 0.75X30cm)E Ae-atelx, flow
ratex= 0.8 ml//min °]it}

o]FARe 50 mM Tris-HCl buffer(pH 7.8) £} o]
KCl 3% 0~08M= W34 A, KCl 5% w& ph-

3-.©
G

ytochrome®] retention timeo] H3}E IFs}giz,
pH #isle] w2 retention time ¥M3-E B2sl7] ¢
8}e3d 50 mM Tris-HCI buffer?] pHE 6.9414 8.17}#]
¥ 3}x] 7t} Phytochrome(Ags=0.5) AlE+E 10~30

£ Abgslgon, o] AT FUsHAl A
shoic).

Native 3! denaturing(SDS) PAGE—Native ¥
SDS-PAGE+ Pharmacia(Piscataway, NJ, USA)$]
phastsystem gel electrophoresis& ©]-4-3l 3, (8~
25% gradient gel 3)X4 ¢cm) native gel buffer+= 0.112
M acetate, 0.112M Tris, pH 6.4& A3t} Gel
staining& Coomassie brilliant blue R-250& A}-8-3}
9%, Hoefer scientific GS 300 densitometers ©]
4-3}] scanning 3tGr}.

Fluorescence &8 — Aminco-Bowman spectrofluo-
rometer(American Instrument Co. Silver Spring,
MO, USA) S ©]43}l4 1cm %39] rectangular cu-
vette-g AF&3le] ZA35}¢ic). Hydrophobic probe®
AH2%l 1 mM$2] 8-anillino-1-naphthalene sulfonate
(ANS)& 1uM pr form3} HF-$-A]A excitation 410
nmel| 4 emission spectrum-g A3t

o 3 o3

Pr ¥ pfr form| hydrophobicity 3¢ charge diffe-
rence2| EQI—A&o] A}-4-% phytochromee] &4
2 =HertE #3r] 998 SDS-PAGEE A4
&lo] densitometry s & H}, S Ak 122.7
kDa®] =+ peakd ¥ cH(Fig. 1. 1 47] phyto-
chrome A8 A48} photoconversiong %3l pr
2 pfr formo2 Fe|3le] BE AYE Pa}sich

ANSE okl zl o] hydrophobicityE &3 3h= pro-
beZ hydrophobicity7} 2718t 33727 Al
o2 Zyjgtc) B Ao A= pr # pfr form2] hyd-
rophobicity z}o]E #aqisl7] #3le] pr formol
ANSE ubgA1A 37t g A3, ol % 5o
4-o1-& photoconversionol] ¢]3le] pfr §4oz
A YB7r=e] wEs SAsick 1 A pfr
forme] g-Ho] proll vl FAFFEr}t Frlshe AL
2 el }(Fig. 2) o]+ pfr form®] hydrophobicity
Z7kl 7leldhe AoE 4=

Phytochrome ¥ forme] A3lalo]E 2AIs17] 9]

J. Pharm. Soc. Korea



Silica-based Gel Filtration Z 2 ul¥ 1 5o A 2] chlal.Ae]z} A3 24 463

ABSORBANCE

RELATIVE

kw&“

MIGRATION

Fig. 1—The densitometric trace of phytochrome under
SDS-denaturing condition. The gel was 8~25
% linear gradient.
Top: phytochrome(estimated M.W.; 122.7 kDa)
Bottom: M.W. marker(left to right), myosine
(200 kDa), B-galactosidase(116 kDa), phosphor-
ylase B(92.5 kDa), bovine serum albumin(66
kDa), ovalbumin(45 kDa)
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Fig. 2—Fluorescence enhancement of ANS by pr to
pfr phototransformation.
Fluorescence enhancement of ANS(1 mM)
upon phototransformation of intact pr(1 pM)
to pfr(0.85 uM at photostationary equilibrium)
in 20 mM potassium phosphate buffer, pH 7.8.
Excitation was 410 nm.
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Fig. 3—The electrophoretic pattern of pr and pfr fo-
rms of phytochrome under native-PAGE con-
dition(8~25% linear gradient). Each lane has
two bands. Upper bands are intact phytochro-
mes and lower bands are degraded products
during electrophoresis.

Molecular marker: thyroglobulin(669 kDa), fer-
ritin(440 kDa), catalase(232 kDa), lactate dehy-
drogenase(140 kDa), albumin(67 kDa)
All operations were done under a green safety
light and gel temperature was 8TC.
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Fig. 4—Retention time of phytochrome in pr and pfr
depending upon KCI concentration in mobile
phase of SEC-HPLC
HPLC condition; column: TSK 3000 SW(7.5X
300 mm), uv detector: 280 nm, eluent: Tris 50
mM pH 7.8, flow rate: 0.8 m//min, injection

vol.: 10~30 W
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Fig. 5—Retention time of phytochrome in pr and pfr
depending upon pH in mobile phase of SEC-
HPLC. The condition of SEC-HPLC was same
as in Fig. 4.
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