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Several methods have been introduced to separate the mitochondria into inner 

and outer membrane fractions (Schniatman e+aJ., 1967; Sottocasag &. s 1967; 

Parsons eJ 6, 1967; Bachmanetg., 1966). Recently, Green et al. (1968) have -- 

questioned the validity of these procedures based primarily on the assumption that 

rotenone-insensitive DPNH cytochrome 5 reductase (RIDCR), which had been assigned 

to the outer membrane after a careful and lengthy investigation by Sottocasa et al. -- 

(1967), was removed from the mitochondrial fraction by repeated washings in a similar 

fashion to glucose-gphosphatase. 

The present communication demonstrates that RIDCR activity cannot be removed 

from the mitochondrial fraction after repeated washings in a similar fashion to two 

microsomal enzymes, glucose-6-phosphatase and TPNH cytochrome c reductase and 

that after fractionation by digitonin according to the procedure of Schnaitman and 

Greenawalt (1968), RIDCR is removed from the inner membrane-matrix fraction in the 

same way as monoamine oxidase (MAO) and lcynurenine hydroxylase, a strictly mito- 

chondrial enzyme (Okamato eta&, 1967). All thr ee enzymes are recovered in the outer 

membrane fraction with a concomitant increase in specific activity. Electron micro- 

scopic observations of the inner membrane-matrix fraction, prepared by this method, 

clearly demonstrate the lack of a limiting outer membrane. This fraction also Contains 
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the citric acid cycle enzymes and the enzymes of 
Q oxidation of Wty acids, as well as 

the intact respiratory chain. 

EXPERIMENTAL SECTION 

Adult male albino rats weighing 175-200 g were used. The animals were killed by 

decapitation, exsanguinated and the livers removed quickly and placed in ice-cold 0.25 M 

sucrose adjusted to pH 7.4 with Tris. The livers were minced and homogenized with 

two passes of a Teflon-glass homogenizer in 9 volumes of sucrose. The homogenate 

was centrifuged at 750 g for 10 mm, the pellet discarded and the supernatant recentrifuged 

at 750 g for 10 mm. The supernatant was carefully decanted and centrifuged at 8,700 g 

for 10 min. The fluffy layer was discarded and the pellet washed 4 times by resuspension 

in l/4 the original volume of sucrose followed by centrifugation at 7,700 g for 10 mm. 

Microsomes were prepared by centrifugdng the first mitochondrial supernatant at 

12,000 g for 10 min. The pellet was discarded and the supernatant was centrifuged at 

144,000 g for 1 hour to sediment the microsomes. Light microsomes were prepared by 

centrifuging the first mitochondrial supernatant at 30,000 g before centrifugation at 

144,000 g for 1 hour. 

RESULTS AND DISCLJSSION 

Table I indicates that repeated washings of a crude mitochondrial pellet reduces the 

activity of the two microsomal enzymes, glucose-6-phosphatase and TPNH-cytochrome 

c reductase, associated with the mitochondrial fraction to 3-4% on a weight basis, of 

that in the microsomes, while increasing the specific activity of the mitochondrial en- 

zyme, kynurenine hydroxylase, over Z-fold. ln confirmation of the results of Okamato 

et al. (1967) this enzyme was only found in the mitochondrial fraction. -- RIDCR activity, 

however, was only slightly reduced by repeated washings leading to a value for micro- 

somal contamination of 17-24%, an obvious discrepancy when compared to the contamination 

as calculated by the former two enzymes. Hence, significant RIER activity is associated 

with mitochondria prepared in such a way that the microsomal contamination (3-4x) is as 
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low as that of the mitochondria prepared by Green et al. (1968). -- 

Mitochondria after four washings have normal morphology with an intact outer membrane 

and numerous cristae (Fig. la). Examina don of many fields have confirmed the low level 

of microsomal contamination established by enzyme data. The biochemical integrity of 

these mipxhondria has been determined in respiratory studies in which respiratory control 

of 7.5 and ADP/O ratios of 1.7 were obtained with succinate as substrate, assayed polaro- 

graphically. It should be noted that these are considerably superior to those reported for 
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Figure 1. Electron micrographs of sections of aglutaraldehyde-OS04 tid and 
urahlyl acetate-lead citrate stained suspension of (a) rat liver mitochondria washed four 
times, (b) inner membrane prepared by digitonin method. (27,400 X). 

beef liver mitochondria by Allmann et al. (1968). In addition, isocitric dehydrogenase ac- -- 

tivity could not be measured without prior sonication of the mitochondrial suspension. 

After fractionation of rat liver mitochondria by the digitonin method of Scbnaitman 

and Greenawalt (1968), 67% of the total mitochondrial protein was recovered in the 9,500 g 

pellet (&uer membrane-matrix), which retained only 12-18% of the total kynurenine hydroxy 
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lase, MAO, and RIDCR activity with a concomitant decrease in specific activity (Table II). 

The 144,000 g pellet (outer membrane) contained 40% of the total activity of these three 

enzymes with an approximate 3-fold increase in specific activity. The remaining activity 

of these three enzymes was recovered in the soluble fraction. It should be noted that an 

identical distribution of h4AO activity was obtained with the radioactive tyramine procedure 

of Allmann et al. (1968) as with the spectrophoFometric assay of Schnaitman et al. (1967), -- -- 

thus confirming the assignment of MAO as a marker enzyme for the outer membrane. 

Electron micrographs of the inner membrane-matrix fraction (Fig. lb) indicate the 

absence of an outer limiting membrane. This fraction contained BO-90% of isocitric de- 

hydrogenase activity as well as 95% of @e totsI mitochondrial ability for the (3-oxidation 

of fatty acids (Beattie, 1968a). 

Certain difkulties exist in attempting fo discuss the morphology of an isolated 

outer membrane fraction. Parsons et al. (1967) concluded af&er extensive electron -- 

microscopy that their outer membrane preparation had characteristics which distinguish 

it from microsomes; however, Greens& (1968) have claimed that outer membranes 

prepared by the former group as well as those of Schnaitman et&. (1967) are microsomes 

contaminating their mitochondrial preparafions. If this were indeed true, then the micro- 

somal contamination of the mitochonch% would amount to 20-30$70, a figure nearly IO-fold 

greater than that determined by enzyme data. ID the presenf study, after digitonin 

fractionation of mitochondria with 3% microsomal ContamWition, two non-microsomal 

enzymes, (h&40 and kynurenine hydroqlase) were removed from the inner membrane 

(determined morphologically as well as biochemically) and recovered in the outer membrane 

and soluble fractions. It should be emphasized that the MAO assay employed in this 

study satisfies the objections of Green et& (1968) to previous methods (SUitman et-@. , 

1967) and that kynurenine hydroxylase is an enzyme found only in the mitochondria (Olramato 

$A., 1967). Furthermore, additional evidence has been obtained that the outer membrane 
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fraction obtained by the method of S&m&man and Greenawalt (1968) is not identical to the - 

microsomes. The in vivo rate of incorporation of (14C) leucine into the proteins of the -- 

outer membrane as well as its turnover show no relationship to that of the microsomes 

(Beattie, 1968b). 

This work was supported, in part, by NIH grant HD-02361. The author is indebted to 
Dr. R. Casciato for the electron microscopy and to Mrs. K. Deuel for technical 
assistance. 
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