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(A. H. Thomas Co., size A) through a sac made of hard 
finish dacron mesh (marquisette, 24 threads/inch in one 
dimension by 30 threads/inch in the other) into a Thomas 
grinding vessel, size B containing only 30 ml of CFL at  
room temperature.  While the tissue is pressed gently the 
individual cells disperse into the bulk of the suspension 
medium thereby avoiding any additional contact  be- 
tween the free cells and the pestle. When most of the 
tissue ( ~  85~/o) has been dispersed in this way the tissue 
still remaining in the mesh sac (largely connective tissue) 
is discarded. The suspension is filtered once through a" filter 
of fine mesh rayon (80 threads/inch by 84 threads/inch) 
to remove any large clumps of cells. The suspended cells 
are gently sedimented by centrifugation a t  50 g for 4 
rain at  4 °C using an Internat ional  refrigerated centrifuge. 
The supernatant  is removed by suction and the sedi- 
mented cells are carefully resuspended in 20 ml of CFL 
using a pipet te  having an orifice of 0.90 ram, or larger. 
The use of a pipette with a finer bore appears to result in 
rupture of some of the cells during resuspension. The cells 
are sedimented again for 3.5 min at  50 g u~ing the same 
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After isolation of cells 
Fig, 2, The effect of increased time intervals between the isolation of 
mouse liver cells and the measurement of their rate of oxygen up- 
take. The cells were maintained at 25 °C in the absence of additional 
substrate during this time. Oxygen consumption was measured in 
the Gflson Oxygraph at 37 °C, the chamber containing 2.0 ml of 
calcium-free Locke's solution, 0.3 ml of the cell suspension (3.0 mg 
dry weight), and, when added, 0.1 ml of the substratc to give a final 
concentration of 10-2M. A no addition; • pyruvate; • succinate. 

type of centrifuge. After removal of the supernatant  by 
suction, the cells are resuspended in 15 ml of CFL. The 
entire procedure can be completed in approximately 35 
min (Figure 1), 

This method has been found to give consistently a 
yield of from 40-50% of the original tissue mass recovered 
as intact  free cells. Two mouse livers dispersed in the 
manner described yield 1.8-2.2 ml of packed cells which 
have a dry weight of 160-200 rag. The suspensions have 
less than  3% of free nuclei apparent  microscopically. 
There are also very few erythrocytes present. The number 
of cells in the suspension was determined in the Coulter 
Counter (Coulter Electronics, Inc.). The yield was found 
repeatedly to be 3 5 . 1 0  s 4- 10% of celts/g of dispersed 
liver. 

I t  was found tha t  the free cells maintained at  25°C 
in the absence of additional substrates (other than  the 
5 . 5 - 1 0 - 3 M  glucose present in CFL) exhibit  a slowly 
decreasing capacity to respire. This act ivi ty  was measured 
a t  37°C with the Gilson Oxygraph, both with and without  
additional substrates. The rates of respiration observed 
in the presence of 10-2M glucose axe essentially identical 
to those shown in Figure 2 for cells respiring in the 
presence of CFL alone. The presence or absence of 
5.5 • 10 -s to 10-~M glucose had no effect on the rate of 
respiration observed when pyruvate  or succiuate was 
added to the cell suspension in the Oxygraph chamber. 
The metabolism of nucleic acids, protein, and lipids of 
mouse liver cells prepared by this technique is currently 
under investigation 7 

Zusammen[assung, Einfache und schnelle Methode zur 
Isolierung freier M~iuse-Leberzellen. Freie Hepatozyten 
(bis 50~/o des Gewebes) zeigen so akt iven Stoffwechsel. 
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Electrophoresis of Mitochondrial a-L-Glycero- 
phosphate Dehydrogenase on Acrylamide Gels 

2 enzymes catalysing the interconversion of ~-L- 
glycerophosphate and dihydroxyacetone phosphate exist 
i n  the mammalian cell. 1 form, localized predominantly 
in the cytoplasm, requires NAD for its function ~,2, the 
other, bound t ightly to mitochondrial  structure, does not  B. 
The 2 enzymes differ further in tha t  the act ivi ty  of the 
mitochondrial  but  not the cytoplasmic form is stimulated 
several fold in certain tissues of the rat  by thyroxine and 
some of its analogues 4-s. Although, at least in ra t  kidney, 
the soluble, or cytoplasmic form has been found to be 
heterogeneous by starch gel electrophoresis ~, the bound 
or mitochondrial form has thus far resisted a t tempts  at 
its resolution by electrophoresis in solid or semi solid 

media. This is apparent ly due to its high degree of 
adsorption to the medium and consequent failure to 
migrate 8. The present paper reports the successful 
resolution of the mitochondrial enzyme into 2 a c t i v e  
units by t rea tment  with urea and electrophoresls in 
acrylamide gels of special (2.5~/o acrylamide-bisacryla- 
mide) composition. 

Methods. Acetone powders 9 of mitochondria from 
various tissues were extracted once with de-ionized water  
and twice with 0.03M potassium phosphate buffer, pH 
7.5. ~-L-glycerophosphate dehydrogenase (~-GPDH) 
act ivi ty  was solubilized from the residue by incubation 
with crotalus terri]icus venom under the conditions of 
RINGLER and S I N ~ R  s. The resulting suspension was 
centrifuged at 25,000 rpm in the No. 30 rotor of the 
Spinco preparat ive ultracentrifuge for 60 rain. Portions 
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of the  clear  a m b e r  colored supe rna t an t  were m a d e  approxi -  
m a t e l y  15~/o w.]v.  in e i ther  sucrose or  u rea  (0 .SM and 
2M,  respect ively)  and 0 . 1  ml  a l iquots  were  electro-  
phoresed on ac ry lamide  gels of 5~/o or  2.5~/o to t a l  solids. 
5~/o gels were  prepared  by  the  m e t h o d  of  CI.ARKE ~°. The  
2.5 % gels were m a d e  by  s imply  ha lv ing  the  concent ra t ions  
of ac ry lamide  and b i sacry lamide  used in the  5% gels. 
E lec t rophores is  was carr ied  ou t  a t  4°C a t  a cons t an t  
cur ren t  of 2 m A  per  t ube  for 30-40 min.  To faci l i ta te  
r emova l  of  the  gels, t he  tubes  were t r ea ted  wi th  a 
p repara t ion  of 'Co lumn Coat  '~1 pr ior  to use. The  gels 
were s ta ined by  incuba t ion  in the  dark  a t  37°C in a 
m i x t u r e  of :  7.0 ml  0 .05M po tass ium phosphate ,  p H  7.5; 
3.0 ml  0 . 2 5 M  DL-~-glycerophosphate,  p H  7.5; 1.5 m g  
phenaz ine  methosu l fa te  and 7 mg  ni t ro  blue te t razol ium.  
In  case of t he  cy top lasmic  c¢-GPDH, 3 m g  N A D  was 
included.  

Spec t ropho tomet r i c  assays of e n z y m e  a c t i v i t y  were 
m a d e  b y  the  me thod  of L~E and LARDY 6. 

Results a~d discussion. Figure  1 shows the  difference 
in e lec t rophore t ic  behav ior  of mi tochondr ia l  ~ - G P D H ,  
0 . S M  in sucrose, on gels of 5~/o and  2.5~/o t o t a l  solids. 
The  enzyme  is appa ren t l y  of too  g rea t  a size to  en ter  t he  
pores  of the  5% gel and,  under  the  force of the  electr ic  
field, is forced to  pene t r a t e  be tween  the  gel and wall  of  
t he  glass t u b e  resul t ing in a d rawn  out,  smeared  pa t t e rn  
(Figure  1, A). I t  is of in te res t  to  note  t h a t  t he  cy top lasmic  
form of x - G P D H ,  in con t ras t  to t h e  solubil ized mi to -  
chondria l  enzyme,  readi ly  pene t ra tes  the  5~/o gel and is 

resolved into  4 well  def ined zones of a c t i v i t y  (Figure 1, B). 
W h e n  the  poros i ty  of t h e  gel is increased by  lower ing t h e  
to ta l  concen t ra t ion  of monomers  to 2.5%, mi tochondr ia l  
~ - G P D H  easily pene t ra tes  in to  t he  gel and the  ac t i v i t y  is 
mani fes ted  in a s ingle r a the r  broad  band  (Figure  1, C). 

Urea  is r a the r  c o m m o n l y  used to effect  the  dissociat ion 
of prote ins  ~. This  reagent ,  according  to TANFORD 18, 
favors  dissociat ion if new hydrophob ic  groups,  pep t ide  
groups or  amide  groups are  exposed thereby.  The  addi t ion  
of urea  to mi tochondr i a l  ~¢-GPDH and  subsequen t  
e lectrophoresis  on 2.5~/o gels, causes the  single band  of 
a c t i v i t y  to spli t  in to  2 zones (Figure 2). The  electro-  
phore t ic  pa t t e rns  ob ta ined  f rom t h e  mi tochondr ia l  

8 CL 

Fig. 2. 2 M urea treated mltochondrial 0t-GPDH from (A) rat brain, 
(B) rat liver, and (C) liver from triiodothyronine treated rats. The 

cathodic end (origin) of the gels is at the bottom. 

Fig. 1. (A) Mitochondrialct-GPDH on 5% gel. (B) Purified preparation 
of rabbit muscle ~-GPDH {obtained from Sigma Chemical (~o.) on 
5% gel. (C) Mitochondrial ~¢-GPDH in 0.5M sucrose on 2.5% gel. 
The cathodic end (origin} of the gels is at the bottom. The thin, 
faint band above the prominent formazan band in (C) is due to a 

translucent zone of inactive, denatured protein. 
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enzyme of brain, normal liver and liver of rats which had 
been injected with  tr i iodothyronine (2.5 mg/kg body 
weight) for 3 consecutive days prior to sacrifice in order 
to increase the level of this enzyme, are identical. The 
same two-band pat tern was also obtained after 2M urea 
t rea tment  of ~-GPDH obtained from mitochondria of the 
following tissues: mouse liver, rat  kidney, spleen, and 
testis and also Hepatoma 5123A. 

The effects of urea on the enzyme do not  appear to be 
t ime dependent  since the same two-band pat tern  was 
obtained after 2 rain of exposure of the enzyme t c  2 M  
urea as after an exposure of 48 h. The pat tern also did 
not change when the concentration of urea was varied 
from 1 - S M  although considerable decrease in act ivi ty  
was noted in both the spectrophotometric assays (Figure 
3) and in visual estimation of the formazan formed in the 
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gels. Both bands, however, appeared to be inhibited to 
the same extent.  Removal  of urea from the enzyme by 
dialysis against 0.03M phosphate buffer, pH 7.5, leads 
to a reversion of two-band pat tern to the basic one-band 
pattern.  Addition of urea again causes a two-band pattern, 
and the cycle can be repeated, indicating the reversible 
nature of the dissociation. 

The results with c¢-GPDH presented in this paper may 
be of more general interest since the same method can in 
all probability, be applied to electrophoretic investigations 
of other  large proteins or protein complexes. Preliminary 
results in fact indicate tha t  succinic dehydrogenase 
act ivi ty  solubilized from rat  liver mitochondria by action 
of snake venom can be resolved into 3 active bands on 
2.5% gels a4. 

Zusammenfassung. Es wird ein Verfahren zur elektro- 
phoretischen Trennung am Polyacrylamid der an die 
Mitochondrien gebundene m-L-Glyzeraldehydphosphat- 
Dehydrogenase in 2 akt ive Bestandteile beschrieben: 
Partielle Spattung der Eiweissmolekeln mi t  Harnstoff. 
Die AuflSsung der Enzyme in 2 akt ive Komponenten 
wurde mit  Ext rak ten  aus Mitochondrien verschiedener 
Rat tenorgane (Leber, Niere, Hirn, Hoden und Hepatoma 
5123 A) sowie MAuseleber verfolgt. 

E. S. FIALA 

Laboratory o/ Cell Physiology, Veterans Administration 
Hospital, San Fernando, and Department o/ 
Biochemistry, University o/Southern Cali/ornia, 
Los Angeles (California 91342, USA), 27th January 1967. 

Fig. 3. Inhibition of rat liver mitochondrial ~-GPDH by urea. 
$pectrophotometric assays in a total volume of 1 ml were performed 

according to LEE and LARDY 5, 
z~ The author is grateful to Mr. B. DIXON for excellent technical 

assistance. 

~ber  die Stabilitiitskonstanten yon 
Pyrimidinderivaten mit  Kupfer 

~ber  die biologische Wirkung yon Halogenpyrimidinen 
ist viel gearbeitet worden, Die meisten Untersuchungen 
befassten sich mit  chemotherapeutischen Wirkungen bei 
Carcinomen x und ihren Anwendungen als Radiosensi- 
bilisatoren. 

5-Fluoruracil erwies sich yon den genannten Verbin- 
dungen zur Anwendung bei festen menschlichen Tumoren 
in Verbindung mit  Bestrahlung am wirkungsvollsten 2. 
Ober den Einbau yon Halogenpyrimidinen in Nuclein- 
s~uren und deren mutagene Wirkung wurde verschie- 
dentlich berichtet s. Auch als Inhibitoren bei enzy- 
matischen Reaktionen k6nnen sic zielgerichtet eingesetzt 
werden 4. Der vergr6sserte van-der-Waals-Radius der 
Halogene im Vergleich zur Methylgruppe am Pyrimidin 
verursacht  keine sterische Hinderung in der Doppelhelix ~. 
Halogendeoxyuridin khan an Stelle yon Thymidin in 
DNS eingebaut werden, z.B. auch in Tumorzellen, Tie  
OEHLERT zeigen konnte 8. Es zeigt sich sogar, dass sich 
die Bindungsst~irke der DNS-Doppelhelix erh6ht, wie 
sich durch thermische Denaturierungsversuche an DNS 
mit  eingebautem Bromodeoxyuridin herausstellte L 

5-Fluoruracil kann abet auch durch seinen Einbau in 
die m-RNS zu ver~nderten l=Yoteinen und damit  auch 
zu Enzymen mit  geringerer oder keiner biologischen 
Aktivi t~t  ffihren. Die Anwendung neuer empfindlicher 
Methoden zum Nachweis dieser Substanzen in sub- 
zellularen Partikeln und Makromolekiilen s brachten neue 
Gesichtspunkte fiber ihren Wirkungsmechanismus her- 
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