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AR MR E O M BB

I. J—Fnru—&izX 5EGERLEE

e Rt EAREET

EFLC®IC

%Ga, "n, *=Tc fEZEBRILEWSE ORI,
ZFOEEHIEDT D, KWCHFEh T3,

TR DRSO TERALR, JOEARE M
FERRPNIC 31T DIRETHRY AT, SEREPRAE, KiZHEE
RIS\ TIR, EXEFHORMESS. Zhb
RS 5113, SHROMIERNICRIT 3 ERE
RAEFARDLELRD S,

BAE, £ DBELHEITKY:- v — & b
HTW32s, ZhiCHRy —F e —x 3 “Wall
effect” 234 < REtDENYDIe vz b, BEMSK
&L, LbMEREWZ L, BEoE A
HFEIZIT I 2 TREORE DI W DR RS
»5.

bivbhiiy—Fire—2&Hw, ko SE
Iz X % 4> (rate-zonal-centrifugation) iz, #EEIC
X %47 (isopycnic-zonal-centrifugation) #i0x
T ¥ IbRY T, Rty S—h, T
AV =4, EEENHLIOTHRETS.

HHE LUV AE

(i) FREDzx— FORSR

Wister albino rats (80-150g &) > {FHL7-. =
— 7 VIR, FIREX D IFiEE 5°C lc#iLe

* B EER AT R ESE

Zh 52451 H 27T H

Bt 5242818\

BURIFERSE | FR U K AEA 3-18-22 (F113)

FOERR EFAC R DIERT R EEE
o o R

me geEEr e Rt

0.25M 3 3 ##E¥E# (10 mM tris buffer pH 7.2 ¢35
f, SmMMgCl: 28%) TRABEML, 727/
LIl T 5. ~% I TR UL, —E&,
A~5gFHETS. ZhiZSBROAH LR
DIEENR %N %, Dounce Bk % ¥+ 4 #—T 2,
3EI Lo L7z, Potter-Elvehjem El D&+
¥F A ¥F—7T 10°C [2ff H oo 1,000 rpm TETF
0EFES A4 X%, —EOF—YTEBEL:E.
MR D 95% LA EOIHIFE L AL T
5 LEXLAFRIRICE D, HFFMET
TR L.

(i) BELSEE

0BT A 7 65 P-7 (zonal speed, zonal switch
1), v —% XA RPZA8T (& Lz, o o B
2 X 2HEARIT, vw—# % 3,000 rpm (Z[E]#R L
AL, HpHtvA 7 nFa—T K7 MP-
4001 2 fEF L TIERR L7z, Flix OPEEED v 2 BEYE
W&1X4_T 10 mM Tris buffer (pH 7.2) # T
TR L 72, HEDIC 25~35 W/WY% OEBRAE %
490 m/ edge filA>5H A, Wiz 50 W/W% % 170
m/ Ahiz. BiEgo+ 7 (10 ~20ml), KRiC
overlay & L T,0.25M ¥ g $#(50~60 m/) % center
froANS.

edge-unloading 3 %3} 41213 center-unloading
I VBBWEARETE. o), DLHLD
edge RNZEAFEZMHTEKTZKIZTI/ va
2V THEE LT cross-leaking 3 EH 2 FHA~7-.
EE 0.8 kg/em® 7z D TLEEE RIAA T 0.5kg/cm?®
DT T o7z. edge fIX VT B34 70
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oIz, LKB-8300-UVICORD II % {#f,
280 my THIE L, LKB-recorder Type 6520-4 GZ¢
& L7-. 757 3%, LKB-fraction-collector-
7000-ULTRORAC T 10m/ ¥o45MW L7z, ER
I3 XT 5°C TIils -7z,

FERIZHESTL, T b2 Ky 7L lysosome 2
DNWTIT 0 v —xE riz 5T, Martin @
Xk (1) 5B LCEHE L. (Fig. 1)

FHik (1)

3,000rpm T 3.26 X 108 » 0t % il % 7-1%, center
B Y 0°CizyHI L 727K (H 3z buffer tank %
AUTIRIEZ PRV 2) 2EAL, #%, cell debris
ToYBEL .

FHik (2)

¥3 L U cell debris % BrE#% edge il Xk b 40%
v a FERIR 100 ml, 45% % 100m/ AL, X
51z 10,000 rmp T 2.32x10° » 0t #iNz 7215,
3,000 rpm {z L T [Ff#Iz edge-unloading L 7z.

FHik (3)

Isopyknic-Zonal Centrifugation

Edge fil X v 50% v = ¥EVANR 70 ml, 45% %,
70ml, 40% % 70 m/ AL, & 5T 40,000 rpm
T 6.93x 10" » w0’ &N 721, 3,000 rpm {ZL
TRz edge-unloading L 7=.

(i) BFRFHEOAE

O »x5—-%

H#%5—+% (E.C.1.1I. 1. 6) |3 Beers & Sizer
DFEYEHETEE LIz, HXEHzEER UV-
150, Lx 5 Z®loye—w 2L, HEBLL
T 50 mM phosphate buffer (pH 7.0) iz, H:0;
GREE30% =ZERHLF) 2Nz T, 240 my i3
BN E 1.8 f1FIC L7z, T hiT 5% sodium-
deoxycholate 0.1 m/,, /3 L7z% 7 50 pl ~
200 ¢l ##nx Thermonics (TM-103, No. 760595,
Tokyo #—% =7 AR &) THRHEE 7 v —+&
MIZEAL, 240 mp i2B1F 5 Ha0: ORFEE D
BOERELZ. va—#F, O0.D.20D71%

Fr—nizl, F¥—bh2E— Fidd4cm/min & L.

(2) Acid phosphatase

14 % 4 5 (1977)

acid pyosphatase (E. C. 3. 1. 3. 2) /%, Trouet
HEY e B TFEELE.

0.5M B-glycerophos phate 0.2 m/, 1M acetate
buffer pH 50. 1 m/, 2% (W/V) Triton X-100 0.1 m/,
7K 0.6 ml % & LoABREIC, HE L7z 7 v 1ml
Mz, 37°C B4 v % 2=+, 1 v
* 2 R— %, trichloro acetic acid 89, (W/V) 5
m/ Zfnx, 3,000rpm 105330 L CAMEL/2ER
BEBRL. 2ok 1ol 2R3 0RBREICHY, 1m/
» 2.5% (W/V) ammonium molybdate in 5N
H,SO,;, 0.2m/ »» 10mM aminonaphtholsulfonic
acid in 1.5M NaHSOj; and 10 mM Na,SO3, 2.8 m/
DKEMZ, 10 53RHKEH 660 mn TRIET 5.
B KH.PO, 2FHLTEE, 2037
BOEBzoWTiE, 6mg/ml OY JF—LEN
Z CIRBRICEEREdh B & 1 Y fIE L 7<.

Fio, Bl LTp-=bu7z= ) VEEREE
B LTRET 384121, 1m/ »50mM citrate
buffer (pH 4.8); 5.5 mM p-nitrophenol phosphate,
sodium salt, 0.2 m/! % > LB L 0.1 m/ D b
Y b X-100 % 37°C T30 43l A > F =2 ~_X—FhF L,
»10m! » 0.02 N NaOH B#%# Nz, 410 nm
THIE L.

B) Frr/r—LCHXIE—F

Frhrue—ALCHFvFy—¥(E.C.1.9.3. 1)
1%, Cooperstein & D5 EY #EFEE L.
nbbFrrsu—b C BT IEDITHN
Na,S:04 (Merck sodium dithionite &R D45y %
Dowex-1-X8, ®EfEMRI, 100~200 * v > 2D H F
LEBLTHRESETHW . RREIC LT X
SIZBILLIZF b7 v —2 C(0.25mg/m/ in 0.1M
phosphate buffer pH 7.0) 2 m/ Z$gY, ZhiZsy
B L7Z¥ 7% 100 plfinx, Thermonics TiE
g Ir—tEMIZEAL, 550 nm (2R SN
EoW sy METS. va—4i3, 0.D.1 o7
WA —IZL, F¥—bhRE— KiZ4cm/ming
L7z,

(49) NAD diaphorase

NAD diaphorase (E. C. 1. 6. 4. 3) % Edelhoch

& Mahler DF#ED® 2 EHEFEE L. Thbb
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= ER%F12 6 mM NADH, (3 = C7010 P-L Bio-
chemicals. Inc.) 0.1 m/, 1.2 mM 2, 6-sodium dich-
lorophenolindophenol 0.1 m/, 0.2 M Tris buffer pH
7.5 0.3m/, 7k 2.4m/, Tween-20 5Smg/m/0.1m/ I
FUONE L7z% 74 0.1 ml #fin% Thermonics
THPH% 7 —tMITEAL, 660 nm (28T 5
WROBWPERE L. va—FiZ0.D.1 D7
WA —=MIZL, F¥—bFAE—FiZ 4cm/min
&L

vy 2V RIEDEE

5 3 B3 Lowry 0B HE? 2ETEELT
HIE L7z, 0.019% (W/V) CuSO, & 0.02% (W/V)
Na-K tartrate % 1:1 [ZJR&LIzb DL, 0.02%
Na,SO3in 0.1 N NaOH # 1:50 {ZiBAL, =0
R 2.5 m/ iz 70 0.2 ml & A, 10 43
#iB1% 0.25 m/ » Folin 7 = 7 —V3RIE 2 MR
) 2 ANIBHR L, 20 4 [EHkE% 660 nm DI
BERWIE Lo, BEEMRIET L7 I (40 ~ 200
pg/ml)  FWTIER LTz,

v) HEEORIE

BEEE X, Atago hand refractometer Type N-1,
N2 #ERLTRIE L.

vt |3.2&(1sz 2,65 x 10" J 706 x 10°

=

ABSORBANCE 280

sl
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R
(am)
6
5
4
£4120~1.22
3 i Lysosomes  S=9x10*
== Mitochondria g'.‘j’xﬂlal-a
0 5  sxiot © 15

Fig. 1 Graphic simulation of centrifugal equation.
Equation of R.G. Martin (1) was used.

NT,m 1
2 = ———— . —
W2S20,wdt = e—vre) 2

A=(op—020,w)[M20,w
t
Sos2o,w w3dt = S20,w 0%t

dx

i+l i+l
So Fxdx="5 F(xi)(xi+1—xi)

35 [FCxi+ 1) — Fexi+1—xi)

77,m; viscosity of medium m at T°C
720,w; Viscosity of water at 20°C
pp; density of protein

or,m; density of medium m at T°C

020,w; density of water at 7°C
Zones indicate the calculated value under
490 m/ of 25-359% (w/w) sucrose gradient,
509% (w/w) sucrose cushion 170 m/, sample
10 m/, overlay 60 m/, at 5°C.

2.61 x 10

—

1
v
I=]

T
C 3
S

% Sucrose W/w

F30

>

QTSR — Neczsa

60 80 100

FRAcTION NumBer (IOML/FRAC.)

Fig. 2 Fractionation of normal liver from Wistar albino rats by zonal centrifugation.

) Effluents were monitored at 280 nm using a LKB-UV recorder.

(—) Indicated the concentration of sucrose.
(—) Indicated the accumulated centrifugal integral Effluents were fractionated 10 m/ each.
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CATALASE ACTIVITY

BE%*¥ 14 %4 5 (1977)

-
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Fig. 3 Enzymatic pattern of subcellular particles of homogenate of Wistar albino rats liver

fractionated by rate-isopyknic zonal centrifugation.
NAD diaphorase, marker enzyme of microsomes, one unit equals a decrease of
absorbancy of 1.0 per minute under the specified conditions at 25°C.
Acid phosphatase, marker enzyme of lysosomes, one unit is equivalent to one micro-
mole of phosphate hydrolyzed per minute under the specified conditions at 37°C.
Catalase, marker enzyme of peroxisomes, one unit is equivalent to one micromole of
hydrogen peroxide decomposed per minute under specified conditions at 25°C.
Cytochrome ¢ oxidase, marker enzyme of mitochondria, the activity is expressed as
a decrease of absorbancy at 550 nm per minute under specified conditions at 25°C.
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Fig. 4. The specific activities (enzyme activity per mg protein in each fraction) of NAD

diaphorase, cytochrome c oxidase, acid phosphatase and catalase.

#w =R

IharFYTEIALY S =RIZONT, V—
Frm—FRNIZBITFSEFRL 0t OFRKRETREL
TefER% Fig. 1iTRT.

LKB-UV moniter Citék L7z 280nm (281} 5
FH 7 — 2B X sucrose DEEE, 0 DIER
Fig. 2 1274, M LZERICE > TRID 3

DE—27 & ZRTHAE 1, 57 2, 3 X U5HE 3
L¥+5.
BT750arDE R ERBXUERENE
% Fig. 3ic, &M% Fig. 41277,
IRV TOT—h—ERTHDF I
—2n C Ay & —+FF, SE 1 (3.26%x10° w?,
p>1.23), 4E2(2.65%10° 0, p=1.19, p=1.17)
BIXOSHHE 3 (7.16x10Y%%, p=1.18) IZRHH
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Wit

BE#

L3 x10° el

14 %4 5 (1977)

I.78x[0'—->|

8.BGxI0?

=

3

I

I

8

I0p

el

"x

,"u
I
i
L

.

% Sucrose W/w
=] =

—-| 8.21xm"—.|

ABSORBANCE 280 mu

=zame
R —

P —————
U

o e s
B ———

“,

/

0

Fig. 5 Centrifugal pattern by procedure (A)

The difference between procedure (A) and our new one is in w27 and concentration

of sucrose cushion.

(G ) Effluents were monitored at 280 nm using a LKB-UYV recorder.
(——) Indicated the concentration of sucrose.
(—) Indicated the accumulated centrifugal integral.

Te. BlEE LT, BERWIHES0% DY 3 FEARK
D7 vyar100ml % edge fllL Y Nz, 1.34%
10%% L L7cHé, SEOX S5 bav Ry 7
DAHE 2IZBNWT 2 20—k bl ol

HE3ICAROGAEI b FYTIROWTE, K
# (A) (Fig. 5), 375 > & rate-zonal-centrifugation
P TRRORVA XY S =4, T4 —b4y
BEICAD ZATLEVWSEET 22 L3, HEETH
Sl Fhru—n C v F—E¥DONMiE

549% (7357 3 3 v 0~20),24.49 ([7]22~32),

9.3% (7 34 ~ 40), 11.3% (R 52 ~ 62) THoTc.

G4V S — LD —H —EFETH S Acid pho-
sphatase{3 2} 3 (7.6 X 10'° ?, p=1.21) iZ&EW
HiEME SR Uiz, 43T 2 (2.65%10°w?) ICAD =
ATEIEME, HEAS  sodium-B-glycerophosphate
DEA, 164% (757 v a v 22~32),5.3% (F
34~40) ¢, #'%&#% P-nitrophenyl phosphate {Z L
T, 14.3% (R 22~32), 4.0% (] 34~40) T
Holc.

RVAFF VS —hD=—%
S —FiIzonTIiE, SEINHE

—BRTHIH
3 (7.16 1012, p

=1.24) IS hizns, FHik(A) TEHHET S
ZLPHREETH 5. 4ENE, 1sopycnic-zonal-
centrifugation *HMAND Z LICX Y T3 2
EMRTE.

I/ v Y- LD —H—#F#TH% NAD dia-
phorase (T >\ TiX, kiFiC 40.9% &LV 2ikiE
i3 095 LK<, Zzoffh 193% (7727 va v
0~20), 11.3% ([ 22~32), 7.2% ([ 34~40),
21.4% (Jr] 42~62) L4yA LT iz,

FRFhDEEFE D Total recovery (I % 55—+
90%, Lowry #:ic X % % 7 E101%, F + 7 m
— L CAxv & —+ 87%, NAD diaphorase 719,
Acid phosphatase (sodium-3-glycerophosphate %
HEELISAR)N%TH T,

£ =E

Zonal-Rotor #{fH L 72 4B, Ander-
son 58 BEHT 2 LBV E L ORI AL D
loading-unloading % center, edge X ¥ H Et]l:ﬁf;
% 57-%®, subcellular fraction ® S, p DFEWIZ X

DZRLERMICHETE .
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PE3k DEL o Y differential pelleting T, —
R subcellular fraction d¥5M: Lic kv, RfE
DOHPENELFN L LI LT vz b, “wall
effect” 235 0, WEMRENRLT VW LEREZ DL
5. zonal-centrifugation >3 Az 7%
differential pelleting +% = & 3L kD X 5 72 fER
HEITHATWS. R, Brown 5 differential
pelleting-zonal centrifugation % & bH 7= HE?
iz X 5 T, Gallium-binding granules »—ifA34 T
{z differential pelleting THbih 2 Z LE2HEL
-—C (7 6 10)'

4[A], bibiviz Brown 0FE? kv b
IZH#EA T, nuclear cell debris # 4,5t 7 v M
FEY x x— h&fk#% rate-isopycnic zonal cen-
trifugation # i\ T, Y—F v —x2HfizBWT
—H LTl ZIT o7z,

BHE, LYVbiIFTA Y S —AHREIZONTS-
glycerophosphate # J£/F + L T Acid phosphatase
DIEWE RIZEA, FEY 2 2 — MZHOoWTIZ
0.02 8 unit/mg protein C Igarashi 'V ofiL k<
—¥ L, E—Z7IiZ8 T 0.238 unit/mg protein,
HIENES.S THh 7. HiEMES.5IT->vTid Brown
5 DfE L —¥+ 57, &+ 3, 5 HRC Triton
WR-1339 % 35§44 % Leighton 5 0 FETHS
B s & e % L {Kwv.  Triton WR-1339
THRLILTA Y V—LIZO0TIE, TEDNPTA
VY= ATREL, BEHELELELLNDDT,
IV BERLREDT 1YV —2OBIEXBIERTS
TeHlizi, WiEERFIiczZbhbd Z LITEETAR
Wb,

RAVARY S — LD —H R THEIHF T
— DWW TiX Brown 5 DE? 10 w1, 524
74V =5 HEEL>TWS. bhvbho
Ftk (A) TH RERRICHBERTIRETH 57223, 4
rate-iropycnic zonal centrifugation #Mi AN 5 =
LiITX Y, HBERTHE L 7z o 7z, HiETELT, Leighton

LOFETHELND LD LRI EWEE R L.

FEEox v R Bl oW THSENE, BT

RThb. £, "Gaky (4 Y h—FEEBROM
FINBHBIZ DWW TIXE THIEHRTH D, SRR
DFETHD.
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Summary

Intracellular Dynamic State of Tumor-philic Radionuclides.
I. Continuous Cell Fractionation with Rate-isopycnic Zonal Centrifugation.

Kazuo SAMEZIMA, Yumiko SASAKI, Atsumi YAMAGUCHI,
and Hirotake ORII

Department of Radiology, Tokyo Metropolitan Institute of Medical Science

In an attempt to improve the drawbacks of natent.
conventional cell-fractionation method with differ- Our method yielded fractions including all
ential pelleting, we carrid out rate-isopycnic zonal subcellular components, especially cell nuclei,
centrifugation to fractionate the subcellualr parti- which were discarded by Anderson’s method.
cles of rat liver, in Anderson type zonal rotor with The result indicates the possibility of precise
sucrose density gradient. The result indicated the measurement of intracellular dynamics of various
better separation of lysosomes from perosixomes, radionuclide with tumor affinity.

as well as cell nuclei, mitochondria and cell super-
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