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Cell Fractionation Method of the Rat Liver

1. Isolations of Mitochondria and Microsomes
Chun Sik Kwak, Ph. D
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Jyung Sik Kwak, MD
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A procedure for the isolation of highly purified mitochondria and microsomes from normal rat

liver is described.

The liver was homogenized in 0.25M sucrose and mitochondrial fraction was prepared by 20 to

45% sucrose linear density gradient centrifugation. Microsomal fraction was also prepared by 10

to 35% sucrose linear density gradient centrifugation.

The purity of mitochondrial and microsomal fractions confirmed by morphometry showed about

92 and 87% respectively.

Monoamine oxidase activity was found in mitochondrial and microsomal fractions which contain

about 64 and 17% of the total monoamine oxidase activity respectively. About 71% of the total

glucose-6-phosphatase activity was found in the microsomal fraction,
And alcohol dehydrogenase activity was only found in the cytosol fraction.

YR RS 19869 E ARga 54T H FAYEY 2AdTE R ol FoiF S



46 REEA HYHA £5% F15 1986

A =

29 AL AZFANA Ax doldE 5
ool WA Bl zslel gebow. =

% #q WAL F33E zhe et o
Age el o7 AlEda ol

A EYs Asiierd] 478 e o
R AE A AAE ARG R AE 2
We Adste A7 shw ok

A gF%E 7l A mitochondria ¢ micro-
some ¢ ¥ mAd A z=4L Pite ALY

“o‘i FAE 5 A B3k A g EE2 ol
*4E & 9E Pe A ek A

0% l =& Foleh &
sucrore & © =  homogenate-® =uFEIL

AAZE HFshed 0.25M-
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AAstxm ob¢s marker enzyme®-22¢] Fxeol
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L gl W Fel B g Ay nmele v
]1:]— .

Mz 3 Yl

EE 5L 4F oA L 2 AFT A
Z 300~350gm 5| = Sprague-Dawely 9] <337
10=}He] B AHg-stg vl

Alof: & A A4 AGE F E2L A
o] Ji A g TFE] HE AFEL Sigma 4
g A F aexd AFE A¥std Agstste
W 29 A GEE A% Bl SF 2

1538 F48he Abgstd et
Zt% % % homogenate 2| EH : Hol A 7k A

1247 AAAZ] F 4§ ether =}3l sl A
AYsted AE YA A7
2 o] 4°C 2] 0.25M-

&g 72 0.25M-
& A=ze F53 st
e & =¥ A
Astgeh. 2z ol & 2~4CE FAHEA
A el A é-?i% BhEa Byt 2 F SgmE
sk 9ulske] 0.25M-sucrose & (2~4°C)& 3

teflon glass homogenizer(Thomas A} #] ¥ cham-
ber clearane 0.005~0,007 inch)= 2~4°C & #7
3w A 400 rpm &) 4% 2 ulslste] 7 homogenate
QQow/v%)E =E3 k.

Mitochondria & microsome2| 2| : Mitochon-
FHE = 14 AHd F
ek, & 10w/v% 7+homogenate &

dria ¥ microsome ¢
Dupont Sor-
vall 50ml! polycarbonate A ztell ¥ o]z &
Dupont Sorvall SS-34 aluminium fixed angle
rotor off 2 ¢] Dupont Sorvall RC-5B refrigerated
superspeed centrifuge & 2,500 rpm(average rel-
ative centrifugal force: 571g, o¢]sl average
RCF = shihez 10873 945l 249 =
shA sk G FEP-1 pellet)d AAT hg 2
A=) el (S-1 supernatant)$ 50m! polycarbonate
QA3+ SS-34 rotor o RC-5B refrigerated
superspeed centrifuge & A}-§3l¢] 10,000 rpm
(average RCF: 7.796g)oll A 2087t QA ¥-¢] 5k
pellet(P-2 pellet)s} b3l (S-2 supernatant)$-
el ow o} pellet = 0.25M sucrose <} 2ml o) &
e Ak, =8 2= gradient former(ISCO model
570)2 AF-&5led 10ml polycarbonate 94 #H(Du-
pont Sorvall)e] et 20w/v%<}t 45w/v %2
ol o 2 200 | 45w/v%, &3F 6ml7} = E 5 sucrose
linear density gradient €12 = ol QA=
A8q P-2 pelletd] 0.25M sucrose ekl S
0.5ml 35272 T Dupont Sorvall T865 tita-
nium fixed angle rotore] ¥ i
OTD 65B ultracentrifuge & A}-&3l¢] 25,000 rpm
(average RCF: 45,200g)e1 4 20%7 QA E-# 3
g, o] FH(C-3stA)AA d& AHAS3
supernatant)® A A w=Elz & pellet(P-3
pellet)e ©hA 0.25M sucrose s o= A H=A ]
o}o P-2 pellet & wh& sh3(C-24)s 2L &
Hoz AR5t P-3 pellet & AH s ek A
2 o] 313 (C-43+7)el A e} pellet(P-4 pellet)
o] mitochondria ¥3ql zolrl.

F5 C-2t4ol A ol A3} (S-2 superna-
tant)-2- 30m! polycarbonate €14 sz} T865 rotor
=zg3 OTD 65B ultracentrifuge & A5t
38,000rpm(average RCF: 104,400g)q| A 60¥7k
QA gk Aol (S-5 supernatant)st pellet
(P-5 pellet)e adgich. F o =A(C-53A )N A
odolz A<l (S-5 supenatant)o] cytosol £33
Ao\t zemE C-3z4a) A 2 g¥ o w

sucrose

Dupont Sorvalt
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& 10~35% sucrose linear density gradient &
ol Eojod YAzt AFFel 0.25M-sucrose &
2ml o) AEAz] P-5 pellet & 0.5ml 8 F-3kA 7]
2= T865 rotor & OTD 65B ultracentrifuge &
Ag8te] 35,000rpm(average RCF: 88, 500g)¢] A
1587 A Edstdet. ol A (C-6344 ) A=
density 7} Arol gt 3% F-¢] pellet(P-6, P-7, P-8
pellets)s} 4} <} (S-6 supernatant)o] ode]=lc},

t}L--& P-63F P-7 pellet-2 &» Xolx 10ml
polycarbonate 1 A zkell ¥ o] T865 rotor ¢ OTD
65B ultracentrifuge & 2}-£35to] 35,000rpm(ave-
rage RCF: 88,500g)el A1 60%7F A4¥8sty
P-9 pellet & o3& r}.& o] pellet-% 0.25M sucrose
aloe AFEAA P-9 pellet & wh=it 73 (C-7
FA)5t e evjoz AL st P-9 pellet &
Al & o] 34 (C-83tA)ell A ol of Al pellet
(P-10 pellet)e] @}z microsome #3]q] Zolrl.

99 sy = 44 EeAdE rotor e &
4£°Cz Az er 29 243ty BF A3
=}l cold room 58 o]l &3te 2~4°CE FAE
E stgch

Marker enzymeo| EAHE =% :10M8 7%
2z A z¥Este & mitochondria ¢ micro-
some 22 5-& 7zt 10ml ¢} 0.25M sucrose ¢ o 2
ek g o] cytosol @ homogenate 9} 7] u}
2 54 2R AHgstgrh

Alcohol dehydrogenase(EC 1.1.1.1, ADH)¢
FAr 2.8 ethanolst NAD*E sd=z sly
37°Coll A 387 WAL Fabol 340nm Hie]
A HAEFFHE e NADHA AAsl=zA S

FAEE 2% o Z4EHE AT

Koivula £2¢] #29q] &jglglch

Monoamine oxidase(EC 1.4.3.4, MAO)?] %
= &2 tyramine & 7|A = L3t 37°Ce
7t u-gA A AAHE ammonia A3t

k=)
g\
o 4844 mushE Nagatsu 2 Yagi 9296

Glucose-6-phosphatase(EC 3.1.3.9, G-6-Pase)
o] §4dx Zx.2 glucose-6-phosphate & 7|2 =
st 30°Col A &7k ¥hEA Il Fotel s
ol AH¢ A#sle £4 FAHEE el Swanson
o e gzkdch

E A AE AdFE 2L THE S
BEE Folr Hste] 2L AR dztd 23

o
At 2 JFAE Addeh. zHm B 20

e od

=4

AH4-3F 33535274 = Computer controlled enzyme
spectrophotometer(Varian cary 210)% t}.
CHHERY : 49 Fo] b2 0.5N-perchlo-
ric acid ¢ methanol-ether £ (3: 1oz
A st& Colowick ¥ Kaplan ¥ 0 2 g4d
8 wde AAF vhe bieret Moz ket
r}.

Mitochondria 2! microsome 2}

3 off o

HAtenidy
HAM ;313 7+ 5gm o =23¥ F23 mitochondria
9} microsome ¢] 3 -%& microcentrifuge tube of
27+ 4 o] microcentrifuge(Fisher model 235A)
2 Ahgste 4£°Cal A 5% Et 13,000rpm ol A
AT | ARAL AAT AREL 2.5%
glutalaldehyde -&-<% (0. 1M phosphate buffer, pH
7.4, 4°C)o2 247 o AxH-L st}

2 % ged o8 v 2ol QAT
0.1M phosphate buffer =2 A H3ste] 1% O0sO, $
<1 (0.1M phosphate buffer, pH 7.4)2 2 24 7}%
oF FoAstg e, A E FAA-E-L 0.1M phosphate
buffer 2 A &% % A< ethanolz wFstx
propylene oxide 2 X g # Luft42e] &g
epon TE= meistgd o el ARAES dia-
tome knife & o} & Porter Blun MT-2B ultra-
microtome © 2 40~60nm FA=Z ZubEsly
Reynolds @} wj29e] ¢]3] uranyl acetate ¢} lead
citrate 2 o] &=z} 94 < sto] JEOL JEM-100CX
AAdrd oz sHEASE 80kvel A HEstg vt
28] 3. mitochondria ¥3-& 4,800, microsome
& 14,6000 =2z 10744 Zdshgd .

E Adgd A fdejzxl Agdxd F mitochondria ¥
microsome ¢8| <= 2A-& FAAIE F &£ F
WA AEd F2 o] E3E Weibeld] HAr
Al =¥ (point counting planimetry)$ o} £35}+
AARstgrl. & 29 mitochondria %@ micro-
some ¥ 9] AAES 2.3z I qstelod k=
Az 5mm AL Zi¥Fo] =HA FHE wdEA
Z o] &3le mitochondria &+ microsome o] x|
T ZEY AATE A ARG L A9 299 T
zEo] A m4e £ P A stk

q4
Mitochondria 2} microsome?| BJM|T= : Mit-

ochondria 2] o] ®-3-2 owu}, cristae @ 7149 &
AYESt 224 AR A BFD v FAstge
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Table 1. Statistical data of mitochondrial
fractionations by point to point

Table 2. Statistcal data of microsomal frac-
tionations by point to point mor-

morphometry phometry
Electron Mitochondria Other structures Electron Microsome Other structures
micrograph (%) (%) micrograph (%) (%)
1 223 (91.4) 21 ( 8.6) 1 130 (88.4) 17 (11.6)
2 228 (93.1) 17 ( 6.9) 2 101 (77.7) 29 (22.3)
3 247 (89.8) 28 (10.2) 3 92 (89.3) 11 (10.7)
4 242 (93.1) 18 ( 6.9) 4 99 (84.6) 18 (13.4)
5 218 (86.9) 33 (13.1) 5 101 (87.1) 15 (12.9)
6 230 (90.9) 23 (9.1 6 108 (92.3) 9 (7.7
7 242 (96. 8) 8 (32 7 133 (80.6) 32 (19.4)
8 235 (94.0) 15 ( 6.0) 8 144 (82.3) 31 (17.7)
9 272 (94.8) 15 ( 6.2) 9 136 (92.5) 11 ( 7.5)
10 248 (92.5) 20 ( 7.5) 10 156 (92.3) 13(7.7
wenso FSSEAL BN wems PEES

v} o 33= outer compartment ] F-zFo] dojuk
th ZE v o] HE &AL AR AxERAA A
g A £ oprld Y AFAER 4
5= mitochondria £ Aol deid & Q= F
zx £33k o] Hgrl, =83 microsome
a3 e &2 =2 1elgew ribosomeo] 33
RER 3} o] 5] gl SER=2 +H¥ F e
olF WA AANYEE: 3 24 AddA #F
wkep o] wlmA wgici(xz 2 2 3).
Mitochondria % microsome?2| +=& : & 43
dlA kg AX FHgez ¥Hl 37 4
mitochondria ¢} microsome &} £ & 29 ¥ 1
= 29} zkr}. & mitochondria = =z $X7} 92.3
+2.6%% 2% microsome-& . £xyb 86,7+
5.0%% .

Mitochondria, microsome %! cytosol ol A2]
marker enzyme2| 2Z : & d oA ekt A

d H od o

E=¥iger FHIF 23 704 mitochondria,
microsome % cytosol®] ¥z} = & uw ¥
33t 2+,

Mitochondria ¢] marker enzyme ] MAQO? =
homogenat ¢] EHE 100%z= $#-L w mito-
chondria ¥%-& 63.84+5.1%, microsome 432
17.242.1% % o cytosol o)l = 3.8+1.0%r} Zxj
stz sigieh

Microsomes ¢] marker enzyme ¢] G-6-Pase'®
YHEE 100%e P& o
microsomes ¥3] -2 70.8+6.8%, mitochondria ¥
3L 8.2:+2.3% =83 cytosol 3L 1.940.4%
ZAstg et

Cytosol ¢] marker enzyme 3] ADH = cytosol
dizk &A1 d&vl homogenate ¢ 4 =F 100%=t
312 & cytosol 3L 114.1+7.8% ) = Qrh.

= homogenate 2}

Table 3. Subcellular distribution of alcohol dehydrogenae(ADH), monoamine oxidase (MAO)
and glucose-6-phosphatase (G-6-Pase) in rat liver

Mitochondria Microsomes Cytosol
Marker Homogenate Homogenate (P-4 fraction) (P-10 fraction) (S-5 fraction)
enzyme (enzyme activity) (percentage values)
ADH 23.2 + 4.5 100 0 0 114.147.8
MAO 0.329+ 0.068 100 63.8+5.1 17.242.1 3.8+1.0
G-6-Pase 109.7 +£16.5 100 8.2+2.3 70.8+6.8 1.9+0.4

All values are expressed as mean+SD of 10 experiments.

Enzyme activities are expressed as ADH=n mol NADH/mg protein/min, MAO=n mol NH4*
/mg protein/min and G-6-Pase=n mol Pi/mg protein/min.

P-4, P-10 and S-5 fractions were described in Fig. 1.
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E ol Az o] & WAlstz =<3 sucrose uk
& AHEE medium & z2A o AgStden I
ol ¥ medium & &P & A AzLr R £l
1} o] = Q1% enzyme $9 A izt YA &7t
qZste] AAERAAd A+ okbge marker
enzyme o] £z 33 ZA 514l

B updel o)) +el5l mitochondria ¢ micro-
some -2 A e AH A A E4E AL F £
A9l g9 mitochondria o] marker enzyme gl
MAQO2L B ulyo @ ¥23 mitochondria ¥
Zol = % homogenate 2 100% 2 <& = < 64%
ZA8kd e o] 4. Baudhuin 50| iy
HA o 54%uck o F& Ao grl. 2dn
microsome ¢} marker enzymesl G-6-Pase!?:=
E yy ez Fg microsome ¥-F ZdlE F
homogenate & 100%= #-& o <k 71% EA5tg
om o] ¥A< Baudhuin 93} de Duve? 3o
dojll Al oF T4% mrle 47k HoxE e
wgieh, zelh o] A& o= WA okt
2 Azl cytosol 39 marker enzyme 3l
ADH2 2= & ol X qlo} ] cytosol -3 Sl
1= % homogenate 2 100%= -2 A < 114% .}
Zx g el of 44L& % homogenate 2] ADH 7}
cytosol %8 ADH url Zr4d AT 2y F%
A2 =4 homogenate Fofl= ADHY AHs]Fo]
EA gt AL Alel T2 Hojvh zHa £
Wi ez Fe§ cytosol £8 Folle= MAOS G-
6-Pase 7} <zt st ek, e o]AL o]
ul A oked ] ApA %Mol y] & Foll & byl o3
slejz] cytosol £3 Fele AlELV £l &
Ao} vtn E $£& grh 53 & hies ¥
8] 9 mitochondria 1} microsome 3 %o ADH
7t 242 Fx e A AFgYE AS dEF
£ 479 Aol

Eg] £ vy oz ¥32]F mitochondria 9 micro-
some - A A oz A4 2 2% 54
&kl m.9FS @ mitochondria &= ok 92934 ¢& &
vhel 429 microsome & oF 87%¢] £E=E&

el g ek

ol £ AYd A A= ¢=d 54£5H A
oz xol E #2 33 7+4 mitochondria,
microsome 2 cytosol & B2 AL AT
Al FHE 43 AFAR AxEFyolst 4
Z+e o,

2 of

213 7kl A mitochondria ¢} microsome & ]
a3y A zdx 2 2R TEE ¢ 9
Az EEP-E kst mgteh

0. 25M-sucrose &} © 2 313 714 homogenate =
u}E-3 mitochondria ¥-3-& 20~45% sucrose
linear density gradient centrifugation ©.2 mi-
crosome -& 10~35% sucrose linear density gra-
dient centrifugation ¢ & ¥23te] AH=z}gw]A o
2 Z48E 9 o] % ¥ gy dshv &4
2] g9 2w mitochondria & 2= oF 92%%

microsome &] R <ok 87%4 . @ ol F

fr RO

3o} 4] marker enzyme -2 24§ < « mitochon-
dria ¢ MAO = % homogenate 2 100%=% <&
W ok 64%¢ ov microsome ¢ G-6-Pase = <F
71%9 k. =8 1 cytosol £& ¢ ADH = <k 114%
oot
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Fig.2. Electron micrograph of mitochondrial from rat liver. Ultrathin section of purified
pellet. Most mitochondria are well preserved their structures. Lysosmes(Ly) and
amorphous granular structures(*) are occasionally seen. Uranyl acetate and lead
citrate. Bar=1 pm.

Fig.3. Microsomal fraction of rat liver. Vesicular RER(R) and SER(S) are well demonstrated.

Lysosomes(Ly) and amorphous granular material are present. Uranyl acetate and lead
citrate., Bar=1 ym.



