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SUMAMARY

1. An extract of dzofobacter vinelaindi! was [ractionated and oxidative phosphory-
lation studied with a small-particle friction.

z. The phosphorylating system in the particles was inactivated by suspension
in dilute salt solutiens. This inactivation could be partly reversed by raising the salt
concentration. Bivalent cations were more effective for protection of the phosphory-
lating enzymes than monovalent. Phosphorylation was lost in sucrose solutions.

3. The phosphorylating enzymes were more sensitive to temperature, surface
inactivation and ageing than the oxidizing enzvmes. They could be protected by ad-
dition of serum albumin, or of the supernatant obtained in centrifuging the particles
from the extract. .

4. No significant correlation could be observed between the phosphorylating and
the oxidizing activities with DPNH, malate, succinate or lactate as substrate.

5. Phosphorylation with DPNH as substrate was not sensitive to ro0™* M dinitro-
phenol. It was partly uncoupled by 107! 1/ menadione.

{1 Addition of Mg++ is necessary to obtain phesphorylation.

INTRODUCTION

Respiratory-chain phosphorylation in cell-free extracts of micro-organisms or in
particulate fractions isclated from these extracts has been described for dlealigenes
faecalist=3, Azotobacter vinelandiid—, Mycobacterium phlei® 12, Coryncbucterium creati-
novorans®, yveast 11 and Protews vulgarisi®.1i,

PixcuoT! separated the extract of Alcaligenes faeccalis into three fractions—a
particulate, a soluble and a heat-stable—all of which were needed for oxidative
phosphorylation. The heat-stable factor is a polynucleotide?®-3, BRODIE AND GRay10
separated the system in extracts of Mycobacterinm phled into two fractions, both of
which were necessary for oxidation and phosphorylation, They suggested that one
of the components of the system is menadione (vitamin K;) reductasc!%11.

Previous papers of the present series®:? have described the isolation from extracts
of Azotobacter vimelandii of a particulatc fraction which showed respiratory-chain
phosphorylation with succinate and DPNH as substrates. The addition of the super-
natant fraction to the reaction mixture increased the P:Q ratio with succinate as

Abbreviations: DN, DPNH, oxidized and reduced diphosphopyridine nucleotide; ADP,
ATP, adenosine «i- and triphosphate; Tris, tris(hydroxymethy Baminemethane; EDTA, ethyvlene-
diaminetetraacetate.
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substrate®, but not with DPNH". This paper deals with the effect of several factors

on the oxidative and phosphorylative activity of the particles, and on the stability

¢f the phosphorylating svstern. .
METHODS

Proparation of enzyme fraclions

The methods of cultivation of the Azofebacter vinelandii {strain O Wisc.), of
preparation of the cell-free extract and of isolation of the particulate fraction have
been described previousiy® 5. The fractions nsed in this paper wera:

M Aiwm particles (M P). The extract was centrifuged 1o iuin at rz,000 < g. The
residue was discarded and the supernatant again centrifuged 1o min at 12,000 < g.
The supernatant obtained was centrifuged 30 min at 20,000 % g The sediment (MP)
was suspended in 0.05 M Sorensen phosphate buffer, pH 7.0.

5., the supernatant after the centrifugation for 30 min at 20,000 x g.

Washed small parficles (1VSP). S, was centrifuged for 1 h af 145,000 ¢ g, The
sediment was suspended in 0.05 Af Sercinsen phosphate buffer, pIH 7.0, centrifuged
again for 30 min at 145,000 . g and the residue, unless stated otherwise, resuspended
in 0,05 M phosphate buffer,

5, the upper third of the supernatant after the centrifugation of 5; for T h at
145,000 > g.

Throughout this paper centrifugal fields refe. to the bottom of the tube.

Amsmonium sulphate fractionation

The supernatant S, was brought to 35-40 Y, saturation with satd. (NH,),50,,
pH 7.0-7.4, and centrifuged. The sediment was suspended in o.0x M Sarensen phos-
phate bufler, pH 7.4, or 0.05 M Sprensen phosphate buffer, pH 7.0, and dialysed
~mainst the same buffer overnight. The next day the contents of the dialysis bag
(referred to as AB in Table 1) were centrifuged for 30 min at 20,000 < g. The sediment
was suspended in the same buffer used for the dialysis (fraction A), the supernatant
was called fraction I3,

Oxidase activitics

Succinic oxidase was measurced ‘in differential manometers as described by
Tissii:rist®, The reaction vel. was 1.0 ml, the temperature 25" and the pH #.0. The
oxidation of malate and lactate were measured similarly, using respectively o.0z M
dl-malate and n.oz2 M di-lactate as substrate.

DPNH oxidase was estimated according to SLATER! with a reaction vol. of
2.5 ml, The cuvette (1 cm) contained o.05 M phosphate bufier, pH 7.4 or 7.0, and
§-10° % M DPNH (prepared by reduction of Sigma ““Cozymasc go’” with ethanol in
the presence of aleohol dehvdrogenase!?), The rate of decrease in absorbance at 340 mp
was consiant for 2.5-4 ran under these conditions. The Qg, (il Oyfmg protein/h)
was calculated from the initial velocity.

Oxidative phosphorviation

Uxidative phosphorylation with RPNH as substrate was determined as previously
described?. The time nceded te complete the oxidation of the DPNH varied from
1 to 15 min, but usually it was less than 5 min,
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Oxidative phosphorylation with malate was determined as previously described
for succinate?.
Protetn was estimated by the biuret methoa?®,

Adenvsinetviphosphatase (AT Pase) was determined as described by MyERs AND
SLATER'®,

RESULTS
Ammonium salphate fractionation

In agreement with PincHOT's experiments with Adleoligenes faecalis, precipitation
of the extract of Azofobacter with ammonium sulphate (35—409% satn.), followed by
dialysis against o.ox M phosphate buffer, pH 7.4, brought about almost complete
loss of the phosphorylative activity in the particles obtaincd after dialysis (Fraction A,
Expts. 1 and 3, Table I). However, in contrast with PixcHor’s experience with Alca-
ligenes faecalis the phosphorylative activity could not be restored by the addition of
the soluble fraction (B) even when a “Kochsaft” of &; (K) was also added.

TABLIC T
AMMONIUM SULPHATE FRACTIONATION OF 5,

See METHODS for preparation of fractions AB, A and B. K refers to a ""Kochsaft’” obtained by
boiling &, and removing the ppt, by centrifugation. Ior measurements of P;( ratios, DPNT was
used as substrate.

Conen. phusphate

Expe. during dialvsis Hraclion ;G
1 — _s'l 0.61
AL 0.05

.01 A 0.08

: A B 0,08

A - B4+ K 0.08

2 — 5 0.47
AR ©.29

0.05% A .28

o iz —

A+ B 0,26

3 — &y .63
0,01 AB 013

0.05 AR n.38

It was found that the inactivation was much less when 0.05 M phosphate buffer
was used in place of o.0x M [Table I, Expis. - and 3).

An attempt to fractionate WSP by ammonium sulphate was not successful;
the protein was recovered quantitatively by precipitation at 40 %, satn. followed by
dialysis against 0.05 M phosphate buffer, while the P:0 ratio decreased slightly from
0.37 to 0.33. In this case also, the phosphorylation was sensitive to dilute phosphate.
The P:0 declined to 0.06 after incubation at o for 60 min in o.c05 M buffer, followed
by centrifugation and resuspension in 0.05 M buffer. This value was not increased
by addition oi the ““Kochsalt™.
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TABLE 11
INFLUENCGE 0F SUSPENSION MEDIUM ON OXIDATIVE THOSPHORYLATION
WSDP was suspended in the medium for 1 2o min at o and oxidative phosphorviation with DPNEH
as substrate then studied.

PN A

Fapit, ﬁrr:l'::i,uu’ Sespesrsion meedinm :;::,’.:i:‘f .f\‘rf:’;r;:fl:«:' FERNT

T — .05 M phosphate T.51 .3 0.3
— o002 i phosphate 1.54 0.0 0,01 :

2 0.8 0.05.3f phosphate” r.44 0.00 048

4.5  a.0us A phosphate” 1.4 0.6 0.03

za  o.15 3 sucrose” 1.44 n.05 ©.04

7.0 a.ns 3 NaCl?* .44 .63 043

6.0 o.08 A7 WCL* 1.1} .6y REL

3 — o.05 Af phosphate 1.48 .58 05,34

— o.ons5 M phosphate T.48 .28 0.t

4 -— o.1 1 phosphate 1.350 0,62 0,41

— 0.035 11 phasphate 1.50 0601 0,40

- o005 M phosphate .50 (LB ©.03

5 e .03 M phosphate 1.82 0.39 .27

o.aos M phosphate 1.8z 0.1¢ 0.035

- w.2 3 sucrose 1,82 .01 Q.00

0.5 M sucrose T.82 0.05 0.0}

= 1.0 1 sucrose 1.8z .02 0,00

2.0 M sucrose .82 0.17 0.0y

g 5 o.05 )5 phosphate t.30 0.5 0.40

1.2 o.05 W phasohate 1.30 .42 0.32

5 a.oug M phosphate 1.30 .39 .30

7 S0 distilled water .78 6. 30 o157

4.2 distilted water 1,75 0L .03

24 distilled water by s OGN 0.035

144 distillod water | SRR W 0.07

~ .03 3 phosphate 1.34 a7 (1. 560

v.ag M Mgl 13 0.03 0.4

n.0oa M MaUl, 1.3 .73 .51

vavos W MgCl, .34 0. 50 0,32

o.os M phosphate -- 1.3 .05 3,50

a0f M NMeCl,

N 1 [ENENERY N | 1,06 0,73 .37

T2 o008 AF WU 1.06 0.2 .11

1,0 .o A MgCl, 1.G0 0.6hH% ©.35

3.,0) c.oool A Mgll, I.9f .03 .33

- o.004 3 MnCl, 1.00h 0,7 4 0,359

—_— o.ooag 3 MnCl, 1.0 0.6 0,34

1.3 .03 M Call, .00 .02 1,32

1.4 o004 M CaCl, 106 .73 .37

1.4 o.0008 W Cally 1.90 0.45 0.23

10 -— a.05 M phosphate 4

oz Al Tris .76 a. 1 ©.23

— a.03 3 Tris 1.76 G.44 .25

- o005 M Tris i.70 .02 .0l

“ In this experiment the fractions wore centrifuged 3o min at 130,000 ¥ g after 75-min in-
cubation and rvesuspended in o.w3 M phaosphate buffer, immediately before the measurement of
the 2:0 ratio.
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Inflieiice of suspension medinm

Following these experiments, the offect of incubation of WSP {or short periods
in different suspension media was investigated more svstematically, with the results
shown in Table I Tt is clear that clectrolvtrs are necessary to retain the phosphoryl-
ation activity. Phosphate buffer may be replactd by other satts (KCL, NaCl, MgCl,,
MnCl,, CaCly) or tristhydroxyvmethyhaminomethane  buffer but noet by sucrose.
A lower tonic strength is required with tne bivalent cations. The enzvme concentration
is also important, a higher concentration favouring stability as is shown in Ixpts.
6 and 7.

Harryax, Bropig axm Gray? fownd a lowered PO ratio after addition of o.ox
M Ca** or g.0or M cthyvlencdiaminetctrancetate (EDDTA) to their dzobacter extracts
(a diffcrent strain from the one used by us). Table I, Expt. o, shows that Cattin
low concentrations has a protective cffect on owr W3SP, while a conrentration as
high as 0.03 .U decreased the ratio only from 0.37 to 0.32. Additien of 0.03 W EDTA
to particles, suspended in 0.035 W phosphate 1o nn before the reaction started, also
had no effect.

Table 111 shows that the loss of phosphoryviating activity caused by suspension
of the particles in a medium lacking clectrolytes may be partiallv reversed by raising
the ion concentration again. The P:0) rtio was either raised or at least remained the
same after one night at the higher salt concentration, compared with a further
decrease in the control held at the low salt concentration. Mg "+ secmed to be some-
what more effective than K= (Expt. 3). Addition ot 5, ADP and Mg+~ gave a better
stimulation than 8§, and Mg-+ alone (Expt. 1), The enzyme polvnucieotide phos-

TAaBLE I
REVERSIBILITY OF LOSS O PHOSPHORYLATION ACTIVITY
WSE was suspended in the indicated medium for 2 hat o and oxidative phospharylation with

DN as substrate then studicd. Various additions were then made to the enzyme suspension,
which was stored at 0 -5 for 18 h hefore measuremnent of oxidative phosphorylation.

FPoedafrer

Frpt, Suspension medinm ke Sddiiient ajter 2 0k I‘::»J:‘i:d:‘t-":

1 0.05 .\ phosphate 0, 34 —— .33
_ . ) | o.o5 3 phosphate 0,27
o.oo3 W phosphate a. .zt | N, :).3;3
2 a.a5 M phosphate 0O, 3o —-— 0.5
o005 U phosphate o.04 .05 3 phosphate oy
3 a.08 1 KOOI 0.35 —— 0.27
’ - 0.0
o.008 M KU a.15 1 o033 KA o.14
\ o033 M Mgll, 0. 1g
Ky 0.05 W phosphate .31 - 0.1
v - - ©.00
| o004 M MgCl, 0,038
a.00y A MgCl, + 5, a0

0.003 M phosphate o.ar -'! o.oog M MgCl, 4+ a1 Y
serum atbumin 0,20

| oog M MgUl, =~ 5, +
: s.10t 17 ADP 015
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phor¥lase®? present in S, might be expected to form polynucleotide under these
conditions. A polyvnucleatide-stimulated phosphorylation in particles derived from
Alcaligenes faecalis has been reported by Pincaor??®, However, with our Azofobacter
particles the stimulatory effect was not specific for §, 4- ADP, since serum albumin,
in the presence of Mg++, was even more effective.

Table 1V shows that the inactivation brought about by suspension in o.005 M
phosphate is almost complete in 22 min, but the reactivation by serum albumin +
Mg+ was slower, Here again, serum albumin + Mg*+ had a greater effect than Mg++
alone, while serum albumin alone was incffective.

TABLE 1V
SPEED OF INACTIVATION AND REACTIVATION OF OXIDATIVE PHOSPHORYLATION

WEI were suspnded in o.0035 3 phosphate and oxidative phosphorylation with DPNH as sub-
strate estimated at different times, After 195 min, MgCl,, serum albumin or both were added to
the inactivated enzyme and the P:0 ratios again estimated at different times.

Finte ol incubation

Nirspencion mredim hoaee reaetin P Addition sfter 15 min 'l:::;:;;:ri.::r Pea
w05 M phesphate 43 min 0.4 —_ — —
1oday .28 —_— J— —
a.005 M phosphate 22 min 0.07
75 min a,04
15 min 003 o019 serum atbumin ) 7 min o.11
+ o.nog M Mg, { 43 min 0.13
135 min - ©0.z2
Podlay 0.3
a1 ?), serem albumin 135 min 0.03
o.ouq Af Mg(Cl, 135 min D17

Ageing of preparations

The P: O ratios were lowered 10-50 % after keeping the WSP fraction (in 0.05 M
plicsphate) one night at o—4°. The stability was increased by adding 5,, kochsaft or
serum albumin. The P: O ratio was lowered 50 9, after 10 min incubation at 30°.

The enzymes for oxidation oif DPNH arc more stable than the phosphorylation

senzymes. The rate of DPNH oxidation was not decreased by keeping a suspension
containing 3¢ ug protein/ml 1o min at 15°, or a suspension containing 2z mg protein/m}
one night at room temperature (20-24°), but the oxidase activity was lost after warm-
ing the more dilute suspension to 60° for 10 min. This difference in stability between
oxidation and phosphorylation enzymes may cause a lowered P: O ratio if the reaction
occurs under conditions which are unfavourable for the phosphorylation enzymes,
Thus, when DPNH was oxidized manometrically at 25°, with a reaction time of 30
min, the P:O ratios were lowered 50~100 9. This inactivation could be prevented by
adding serum albumin or S, to the reaction mixture, though not always completely.
For this reason, P:Q ratios obtained by the manomectric method with succinate or
malatc as substrate cannot very well be compared with the values found for DPNH
oxidation by the spectrophotometric procedure described in this paper.

The rapid inactivation of the oxidative phosphorylation and the protection
afforded by S, or serum albumin makes it difficult to distinguish between truly
specific stimulatory cffects on oxidative phosphorylation and a non-specific protective
Refevences p. gati.
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action, when the cxperiments are carried out manomectrically. For example, the ap-
parent stimulation of oxidative phosphorylation by the addition of S, to WSP with
succinate as substrate, reported by TISSIERES AND SLATER®, was very likely due to
protection of the system from inactivation.

Influence of changes in reaction mixture

Table V shows that even 1072 M 2z, 4-dinitrophenol caused little uncoupling of
oxidative phosphorylation. Additicn of vitamin K,; or e-tocopherol, either to phos-
phorylating or non-phosphorylating particles, had no etfect, Addition of menadione
(vitamin K,) uncoupled the phosphorylation {Table VI). Uncoupling by menadione
was also observed by PiNcHOT® in Alvaligenes feecalis, and by MARTIUS axD MNITé-
Litzow? in mitochondria. Bropig, WEBER AND Gray!! found that vitamin K, could
restore both oxidation and phosphorylation in particles of MWyeobaeterinm phisi, aftec
inactivation by ultraviolet radiation.

TABLE V

EFFECT OF 2 4=-DINITRDPHENDL ON OXIPYTIVE PHOSPHORY LATEON

DNE

- - : DN PH ovidized AP esterified .
Expt. Fraction iy ¢ pntens £ purrorted P
1 5, — .40 .%o 0.55
1o~ .46 7 0,40
M1 — 1.40 v.do 0.55
101 .40 8.7 0.409
2 \WSPE — 1.55 [i%4! .33
10-% 1.85 .70 o.3%
1074 1.85 .50 .31

TABLE VI
INFLUENCE OF MENADIONE ON OXIDATIVE PHOSPHORYLATION

Oxidative phosphorylation by WSP with DIPNH as substrate was measured,

Ethane! (25} Memedione { M)

Poo

— —_ (.33

10 —_— .22
1o 104 0.0
1.2 — .33

1.2 P20 [S38 1]

Variation of the pH between 6.5 and 8.0 had little effect on the phosphorylation;
some lowering of the P:O ratio was observed at pH's 8.5-9.5 (Table V1I). The effect
of variation of the pH on the oxidase activities is more pronounced, as is shown
in Fig. 1.

Table VIII shows that no phosphorylation occurred in the absence of added
Mgt+. Maximal P:O ratios were obtained with a total magnes'um concentration of
0.0048 M (0.0038 M Mg*+ allowing for magnesium bound by tae ELTA present in
the reaction mixture). Higher concentrations lowered the P:O ratio. The effect of
varying the Mg++ concentration is similar to that found by KIELLEY ANT* BRONK22
and PURVIS AND SLATER?® with particles derived from rat-liver mitochondria.

References p. 3196,
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TABLE VII

REFECT oF pH ON OXIDATIVE PHOSPHORYLATION

Oxidative phosphorylation was measured as described in ref. (7). except that a.025 M tris(hydroxy-
methvlaminomethane buifer of the desired pH was added, and the pH of the phasphate buffer

was made the same as that of

the tris(hydroxvmethyhaminomethane,

PPHN ovidized AP esterificd

Expt, Fraction rli ¢ yumales) £ 1emnt) PO
1 WS 0.5 .66 o.8o00 0.48
7.0 1.66 0,700 0.46
745 1,606 o815 0.51
5.0 1.66 0,740 0.40
5.5 1.60 0,b7a 0.40
Q.0 1.60 0,705 0.2
. 9.5 1.06 0.030 .38
2 A3 (SR I.qu 0.G7 0,60
7ok 1.46 1.04 0.7
> MDD 0.0 1.40 0.8 0.67
73 LAt 1.1 .6y
3000 T T T T T T
QO
25001 .
2000 .
1500 { -
1000 -
300 -
L 1 i ] 1 1
6.0 6.5 20 7.5 B.O 8z pH 9.0

Fig. 1.

DEPEXNH oxidase activity of WS was estimated as described in METHODS except that phos-

phate bhufier of the desired pH was used.

tionr of succinate, malale and lactale

The oxidase activities for these substrates are given in Table IX. There was no
clear difference in activity between particles suspended in o.05 M phnsphate or in

o.005 M phosphate. Additich of
dation.

Refercnces p. 166G,
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TARBLE VIIL
ITNFLUENTE OF MAGNESITM ON PHOSPHORYLATIUN

VST used in both experiments,

Expt. Mol DN avedied AP esterined

.
{renrolesi remodes 2.0

1 AT 2 [BAPLY ) LRI .32
0.0024 1.0y 071 0.4t

s 1.0y T .15

0,000 L.fery o a1l

LIS E ¥ L.f2q .56 .32

, .

2 [£] [.M5 DAV .oz
0,003 1.85 .75 G0

T In this expeviment, 10 gemoles ADDP served as the phosphate acceptor in place of gluceose,

TABLE IX

ONIDATION OF MALATE, LACEATE AND SUCCINATE BY WHI?

gl Nrespensinn acdinm P;:;:::” Nuhtyete ey,
I 0.05 M phosphate o123 suceinate 1160
oorzy madate 1 B

w.l23 lactate 300

o.oos W phosphate 010 succinate 405

0.7 malate P40

w.Lh lactate 630

2 a.03 M phosphate ol lactate 503
[$% Ts lactate -} DDPN*Y 320

oo malate 1485

X3

(LR K malate -+ DN

* in which \WSP was suspeided before assay.
"t r.zn10-2 3

Malate was oxidized with a P:O ratio of 0.41 by one-rday-old particics, suspended
in 0.05 M phasphate bufier and with a ratio of 0.03 by particles, suspended in n.oog W
phosphate. The malate was quantitatively converted into oxaloacetate and pyruvate.
Because of the correction which has to e made for these substances in the estimation!?
of hexose moncphosphate and ATP, the determination of the P:O ratio was less
accurate than in the case of DPNH ox*dation.

No difference was found between the rate of oxidation of succinate in an atmos-
phere of air or oxygen, if the enzyme concentrations were kept below o.4 mg protein/
ml. With higher concentrations of protein the activity in air was about 15-20 9, less
than that in oxygen. Probabty the diffusior rate of oxygen into the liquid in the mano-
meter flasks became limiting in this case. Tlese results contrast with those of BrueM-
MER, WILSON, GLENN AND CRANEZ, who found with a fraction of Azofobacter that
the rate of oxidation of succinate in air was only 60 “;, of that in oxygen.

AT Puase
Table X shows ATPase values at different pH's in the presence and absence of

References p. 6.
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2,4-dinitrophenol which had little effect. The ATPase values were of the same order
when the particles were suspended in distilled water instead of in 0.08 M KCL The
ATPase is very low compared with mitochondria, measured under these conditions®®.

TABLE X
ATPASE ACTIVITY OF WS
The WSP were suspendded in 0.08 Af KCl. Protein concentration, 1.26 mg/ml.

patoms Pimg proteinlh

pi
with DNP* withowt DNFP
6.5 0.76 ©.93
7.0 Q.QG 1.00
7.5 1.43 1.48
8.5 1.99 2.11
Q.0 1.35 1.63
" 10-4 ]/ 2,s-dinitrophenol.
DISCUSSION

The exceptionally high respiratory activity of Azofebacter, the highest of all known
cells, gives a special interest to studies of its respiratory-enzyme systems, The present
paper is a continuation of those initiated by TI1sSIERES into the nature and enzymic
activity of small particles which can be isolated from extracts of Azofobacter vine-
landii3.7,15 These particles (called WSP), which have been separated from largzr
particles also present in the extract, have a higher respiratory activity and a higher
P:O ratio than the larger particles?. However, it is clear from the work of MaRrr
AND CoTA-ROBLES® and of TissiERES AND Warson® that the WSP fraction is not
pure, but consists of at least two types of particles, one the respiratory granule, and
the other with a high content of ribonucleic acid. The preparation of the "electron-
transport particle (ETP), obtained from Azofebacter vinelandii by BRUEMMER ef al 24,
appears to be rather similar to our WSP preparation. The DPNH and succinate
oxidase activities are of the same order of magnitude, but the malate and lactate
oxidase activilies of ETP are much less than of WSP. The cytociirome spectrum of
ETT given by BRUEMMER ¢f a/.2! is also similar to that of our preparation. Oxidative
phosphorylation in the Azolobacter ETP preparation has not yet been reported. ,

The present studies have shown that electrolytes are required for the maintenance
of the phosphorylative activity of the particulate fraction of 4zofobacter vinelandii,
with DPNH, malate or succinate as substrate. Oxidative phosphorylation disappears
rapidly and almost completely at low salt concentrations. Sucrose even in high con-
centration (2.0 M) cannot replace the electrolytes. Bivalent cations are much more
effective than monovalent in preserving the phospherylation. This is illustrated by
the following concentrations of salts which lead to almost complete disappearance of
phosphorylative activity when a suspension (2-2.5 mg protein/ml) is kept 2 h at 0°:
KCl, 0.01—0.02 M ; Serensen phosphate buffer, pH 7.0, 0.005-0.01 M; CaCl,, about
0.0008 M ; MgCl, or MnCl,, < 0.0008 M. It seems likely that the role of the cation is
motre important than that of the anion.

This inactivation of oxidative phosphorylation can be reversed by subsequent
References . 3ob.
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addition of electrolytes, or of the supernatant (5,) obtained in the isolation of the
particles from the Azetobacter extract. The reactivation by Mg++ was potentiated by
the simultaneous addition of serum albumin, or of $, 4 ADP.

Bropir AND Grav!? found that phosphorylating particles of Mycobactersuim philes
behaved like reversible osmotic systems. Although it is not excluded that the particles
used in the present study swell and contract like osmotic systems, this is not sufficient
to explain the effect of electrolytes discussed above. It appears rather that electro-
static bonds must play a role.

In contrast to the marked effect on the P:0O ratio, lowering the electrolyte con-
centration had little effect on the rate of oxidation of DPNH, succinate, malate or
lactate. HarTMAN, BRODIE AND Grav® also found no correlation between the rate of
oxidation and the P:0 ratios in their dzofobacter exiracts, with succinate, malate or
fumarate as substrate, although there was a corrclation between oxidative and phos-
phorylative activities in particles isolated from Mycobacterium phieil®.

The reversibie effect of electrolytes on oxidative phosphorylation might possibly
be related to the requirement for polynucleotide, found by Pinciot for Alealigenes
faecalis?® 3. It would be expected that the properties of such a polynucleotide, con-
taining many groups with a negative charge, would be influenced by the concentration
and charge of cations present®. 2,

The mechanism of oxidative phosphorylation in Azofokdcter particles differs from
that in mitochondria in the following respects: (i}, the cytochrome system consists of
cytochromes by, ¢,, ¢5, @, and a,, in place of cytochromes 2, ¢, ¢,, # and &, found in
mitochondrial®; (i), the Azofobacter system is relatively very insensitive to dinitro-
phenol; (iii), the ATPasc activity of the Azetobacfer particles is much less than
found in mitochondrial preparations, where it is believed to be intimately associated
with oxidative phosphorylation; (iv), the DPNH oxidase and succinic oxidase of the
Azotobacter particles are very much less sensitive to antimycin?* 2.

There are several possible reasons for the low P:0 ratios found with Azofodacter
particles, and with bacterial extracts in general.

1. Fewer steps in the bacterial respiratory chain than in mitochondria are as-
sociated with phosphorylation. The suggestion of PincHoT? that the respiratory chain
in Alealigenes faecalis is shorter than in mitochondria, because only one cytochrome
was detected in the extracts, appears rather unlikely and, in any case, is not applicable
to the Azofobacter particles, which contain four ¢ytochromes!s.

2. In view of the fact that fragments isolated from mammalian mitochondria also
have low P:Q ratios?% 3, the possibility must be considered that high ratios can be

found only in larger units, and that fragmentation of the bacteria inevitably resulis
in lowering of the P:0 ratio. If the respiratory chain is located in the ccll membrane,
as many believe (¢f. ref. 7), the isolation of an undamaged phosphorylative particle
is very diffictilt, if not impossible.

3. The WSP preparation is a mixture of phosphorylating particles with a high
P:0 ratio and non-phosphorylating but respiring particles.

4. The preparation contains an inhibitor, liberated by fragmentation of larger
units., NossaL ¢ all? found that an inhibitor was formed after prolonged sonic
oscillation of P. vuigaris,

Although the P:0 ratios obtained witih the dzofobacter particles oxidizing DPNH
are relatively low, the rate of oxidation of DPNH is so high?, that the rate of esterifi-
References . 406.
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cation of phosphate (about oo pmoles P/mg protein/h) is much greater than found
in mitochondria or mitochondrial fragments (cf. 38 jmacies P/mg protein/h obtained
with rat-hcart sarcosomes oxidizing a-ketoglutarate, the highest rate given for rat-
heart sarcosomes and rat-iver mitochondria by Horton ot @, and 6.4 pmoles
P/mg protein/h for the mitochondrial sub-unit isclated with digitonin by CooPer
AND LEHNINGER3). Since the WSP preparation contains as many ribonucleic acid
particles as respiratory granules, the respiratory and phosphorylative activity of the
Jatter must be much greater than the values calculated for the WSP preparation.
The study of the special features of these granules which makes possible such high
rates of oxidation and phosphorylation promises to be rewarding.
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