
Nhile oxidative phosphorylations have been studied 
n tissues, yeast and bacteria, little is known about tt  
~oa, and no information is available indicating wheth~ 
in helminths. Many of these parasites live in the inte: 

m is low, The dependence of parasitic worms on res[ 
~'al and reproduction varies from one species to al 
onship to the oxygen tension of their habitaO. Amo~ 
; survives for relatively long periods under anaerobic 
d significance of oxidative metabolism for surviv 
ire is not understood. One of the possible functions c 
~s of Ascaris may be the generation of energy-rich t 
)roblem, reported in the present paper, has revealed 

Vluscle str ips of Ascaris lumbricoides were obtained essentially 
,SER 4. The muscle str ips were removed carefully from the c~ 
?oled in a beaker surrounded by  chopped ice. 
For the prepara t ion of homogenates  the muscle strips were 

of biological oxidations in tt  
phosphate bonds. A study 

revealed the occurrence of oxidatix 

MATERIALS AND METHODS 

in the same manner  as describ¢ 
cuticle wi th  least possible damag 

washed twice wi th  cold o.9 o//o K 
~o volumes of 0.9 % KC1 at  2-4 ° C in an all-glass Pot ter-Elvehje  
mogenate  was carefully adjusted to 7.0 from time to t ime durii 

repared as follows. The muscle str ips were homogenized in 9 volum 
21//) at  2-4 ° with the p H  maintained at 7.0-7.3. The homogena  
ated centrifuge at 2,ooo-2,5oo r.p.m, for 5 minutes.  The supernatal  
500 r .p.m, for i o - i  5 minutes.  The second residual fraction was th~ 
1 (about 7 to 8 ml for every io g of fresh muscle). 
tion was pipet ted immediately into ice-cooled \Varburg flasks f 
ake. The center well of the flask contained o,i inl of 5 N K O H  
t between the beginning of the nluscle dissection and the s tar t  
sually was less than  one hour. 
~ressed out  gently wi th  the aid of forceps after bo th  ends of tl 
s then centrifuged at  a moderate  speed (2,5oo r.p.m.) for 15 minut  
used. In  a num ber  of experiments,  this supe rna tan t  was dialyz~ 
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this t 
phosphorylations in Ascaris  muscle. 

Muscl 
by  LASER 4. 
and cooled 

For  
solution, and homogenized in two 
homogenizer. The p H  of the horn, 
the homogenization.  

A part iculate  fraction was pre 
of a cold sucrose solution (0.25 
was then  centrifuged in a refrigerated cent 
was re-centrifuged at  12,ooo-13,5oo 
suspended in the sucrose solution 

In  either case the prepara t ion  
the measurement  of oxygen uptake.  
strips of filter paper.  The period 
the manometr ic  measurements  usuall, 

The perieuteric fluid was t 
worms  were cut  off. The fluid was 
at  2 ° and the supe rna tan t  was 
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he  m a i n  c o m p a r t m e n t  of t he  ves se l s  (final  c o n c e n t r a t i o n :  
Lhe b a t h ,  coo led  in  ice a n d  c e n t r i f u g e d  a t  lo ,ooo  r .p .m,  for 
~ssayed for i n o r g a n i c  p h o s p h a t e  b y  t h e  m e t h o d  of [:ISKE AN 

t o t a l  p h o s p h o r u s  c o n t e n t  t h e  s a m p l e s  wero i n c i n e r a t e d  fir 
l i ng  t o  LOHMANN s. 

ke o/inorganic phosphate by the homogenate o~ Ascaris 

[-Iomogenates of washed muscle strips of Ascaris lu 
phate during the oxidation of endogenous substrat, 
to 3.55 (Table I). Anaerobically, the disappearance 
derably lower and amounted, at the most, to one-t 
erobically. The addition of undialyzed perienteric 
m increased the rate of respiration but reduced th 
ased rate of respiration, however, diminished consideI 
ne in the uptake of phosphate when a gas phase of 
en. Apparently, oxidation of a substrate or of substr 
ed to oxidative phosphorylations and which was mot 

The inorganic phosphate taken up was recovered pr, 
olyzable acid soluble fraction (Table II),  indicating t 
es. There was also some increase in the acid-labile pk 

I I . U I U  LU tll~" ~JIIU~IJlIUIJICtLil 

the uptake of phosphate. Th 
:d considerably without a correspondi~ 

air was used instead of pu 
,strates occurred, which was n 

more pronounced in pure oayg( 

)redominantly in the difficult 
:he formation of hexose phc 

phosphate fraction. 
ndogenous substrate from the muscle particles by homo 
rge volume of a solution of potassium chloride (0.9%) a~ 
ulate fraction were unsuccessful. When a solution of sucrc 
found that  a particulate fraction, obtained by means 
showed a very low rate of respiration and no uptake 
some cases, even a slight increase in inorganic phosphe 
dative phosphorylations occurred when both DPN a 
to the system. The relatively low rates of phosphate upta 

the P/O ratios in different experiments cannot be explain 
dogenous substrate, present in various concentrations 
ddized and this reaction may not be associated with ph, 

is w i l l  be  u s e d  t h r o u g h o u t :  d i p h o s p h o p y r i d i n e  n u c l e o t i d e  D P N  
a d e n o s i n e  t r i p h o s p h a t e  - A T P  
t r i c h l o r a c e t i c  ac id  - -  T C A  

increa: 
decline 
oxyg 
related 
than in air. 

The 
hydrol3 
phates. 

At tempts  to remove endo 
enizing the muscle in a lar 
then centrifuging the particulate 
(0.2 5 M) was used, it was 
differential centrifugation, 
inorganic phosphate or, in 
(Table I I I ) .  However, oxidative 
perienteric fluid were added to 
and the great variations in 
readily. Possibly, some endo 
different preparations, is oxidized 

* T h e  f o l l o w i n g  a b b r e v i a t i o n s  
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rs a ~ a i n s t  o.,~t AI tri~ ( h 3 d r u x y l m c t h 3 1  
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3 ° - - -  

3 ° - - -  

30 --- 
3 ° 

3 ° 
3 ° 
3 ° p e r i e n t e r i c  f lu id  
3 ° (o.I m l / m l ) * * *  

I O  - - -  

[ 0  

ro p e r i e n t e r i c  f lu id  
IO (O.15 m l / m l )  *** 
I O  

; o r r e c t e d  b y  s u b t r a c t i n g  t h e  a n a e r o b i c  
) n l y  I / , 3 1 / m l  of p h o s p h a t e  was  a d d e d  to  t h e  r e a c t i o n  m i x t u  
Ltroduced in  t h e  r e m a i n i n g  e x p e r i m e n t s .  
) e r i e n t e r i c  f lu id  w a s  c e n t r i f u g e d  a t  a m o d e r a t e  s p e e d  (2,5oo r 

P t I O S P H A T E  B A L A N C E  A F T E R  A E R O B I C  I N C U B A T I O N  O F  A s c a  

r, ach  ve s se l  h a d  t h e  s a m e  c o m p o s i t i o n  as  l i s t ed  in  T a b l e  I .  T o  

m i x t u r e ,  w h i l e  IO t z M / m l  of p h o s p h a l  

(2,500 r .p .m. )  for  15 m i n u t e s  a t  o ° C. 

Asca r i s  M U S C L E  H O M O G E N A T E  

T o t a l  v o l u m e :  i . o  ml .  T e m p e r a t u r  
~s ( a f t e r  5 m i n u t e s  e q u i l i b r a t i o n ) .  Al l  v a l u e s  a re  e x p r e s s e d  i n / , M  of l 

.4 cid resist. Total P 
P 

6.23 
9.21 

-~- 2.98 -[- 0. 4 

5.83 
7.13 

+ 1.3o - -  0.5 

C o r r e c t e d  
* * O n l ,  

w a s  i n t r o d u c e d  
* * * P e r i e n t e r i c  

E a c h  
25 °. I n c u b a t i o n  p e r i o d  : 3 ° m i n u t e s  

Addition Time (rain) lnorg.-P 

P e r i e n t e r i c  f lu id  o i o. i o 
(o. i  ml )*  30 7.78 

Di f fe rence  - -  2.32 

N o n e  o lO.63 
3 ° 8.88 

Di f fe rence  --- 1.75 

* See f o o t n o t e  T a b l e  1. 
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T A B L E  I 

K E  B Y  H O M O G E N A T E  O F  ~ , V A S H E D  A s c a  

ng  p e r  m l :  0. 4 m l  m u s c l e  h o m o g e n a t e ,  c 
3 3 I ) ,  0.075 m l  t r i s  ( h y d r o x y l m e t h y l )  

M), 0.03 m l  g lucose  ( i  ,~r), 0.02 m l  ye  
5 inl  c a t a l a s e  (5 °/o), o . t  m l  TCA ( ioo  %)  
r i n g  or  t h e  end  of t he  e x p e r i m e n t  in  eac  
n i l  ( e x p e r i m e n t s  i a n d  4). T e m p e r a t u  

Gas phase  P-uptake O~-uptake 
i~-atoms It-atolls 

O~ 0.42* 0.22 
N 2 - - 0 . 0 3  - -  

0 2  1 . 6 2  * 0 . 6 2  

N 2 0.40 - -  

0 2  3.46* 2.64 
N 2 1 . o o  - -  

0 3  2.06* 3.36 
N2 0.95 - -  

02  0.57* o.16 
N 2 o.21 - -  
0 2  0.63 ~ 0.53 
a i r  0 .57 0.28 
N 2 o . I5  - -  

p h o s p h a t e  u p t a k e .  

T A B L E  I I  

7" P ~8o" P 
(xoo ° C; (too ° C; 

r N HCl) r N HCI) 

0.60 4.42 
1.42 3.41 

+ O . ~ 2  - -  I .O1 

0.02 4.18 
0.37 3.82 

+ 0.35 - - 0 . 3 6  

~te buf fe r  
ne  bu f f e r  
~e (1:20) ,  
nd t i p p e d  
l v o l u m e  : 
i l i b r a t i o n  

;marks 

"w r -  

) n c n .  ~ * 

) h a t e  

3 e r a t u r e  : 
P.  

2I .  4 
21.8 

20. 7 
20 .2  



No particulate Perienteric fluid 
fraction 

Complete Perienteric 
Complete Perienteric 
No fluoride Perienteric 
No fluoride Perienteric 

Complete Perienteric 
No hexokinase Perienteric 
No D P N  Per/enteric 
Complete 

Complete Perienteric 
Complete Dialyzed perienteric fluid 

(o.I ml) + perienter ic  fluid 
dialysate (o.I ml) 

Complete Dialyzed perienteric fluid 
(o.I ml) + succinate** 

Complete Perienteric fluid dialysate 

Corrected by subtracting the anaerobic phosphate uptake. 

y la t ion .  Alternatively, some factor required for oxic 
one experiment to another, either because of varyin~ 

,'cause of unavoidable differences in the preparatory I 

3.83 

0 3 - -0 .32  1.5o - -  

oxidative phosphorylation vari 
• ymg concentrations in the worr 

manipulations. In the absen 
;eclable anaerobic uptake of phosphate, which was abolish 
:urthermore, it was found that the perienteric fluid not or 
)ut also an undialyzable.component required for oxidati  
and IV). 

determine whether the dialyzable component  of t 
: aerobic phosphorylation, could be replaced by an exogeno 
arded in Table IV indicate that addition of pyruvate al 
.rganic phosphate. Likewise, the addition of a-ketoglutara 
~, disappearance of inorganic phosphate. Succinate, on t 
- phosphorylations (Tables I n  and IV). Cocarboxylase a 
done or together, had no effect on phosphate and oxyg 
Ltrophenol, in a final concentration of 3" lO-5 M, uncoupl 
!rom oxidation (Table V). The same effect also was observ 

However, with higher concentrations of dinitrophe~ 

(o.I ml) 

* Corrected 
** Final concentration: o.oi molar. 

phory 
from one ex 
or because 
of fluoride there was an apprecla 
when fluoride was present. Furtheri 
contributed the substrate, but 
phosphorylation (Tables III 

Attempts  were made to 
perienteric fluid, required for 
substrate. Observations recorded 
resulted in the uptake of inor 
and ethanol produced some 
other hand, reduced aerobic 
~-lipoic acid, added either alone 
uptakes of the system. Dinitro 
completely phoshorylation from oxi 
in the muscle homogenate.  
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T A B L E  I I I  

E BY A PARTICULATE FRACTION OF A s  

wing constituents per ml: particulate fi 
1; 0.44 M tris (hydroxymethyl)-aminom 
te buffer (pH 7.4): 0.o6 ml;  catalase 

K A T P :  o.02 ml;  o.33 2l~r fluoride: o. 

period: 5 minutes.  Dura t ion  of experir 

ons Gas phase P-uptake 
it-atoms 

fluid (o.I ml) O 2 1.o9 
fluid (o.i ml) N a - - 0 . 2 4  

(o.I ml) 02 nil 

fluid (o.i ml) 02 0.48* 
fluid (o.i ml) N 2 0.02 
f l u i d  ( o . I  m l )  02 0.52* 
fluid (o.I ml) N 2 o.17 

fluid (o.I ml) O i 1.9o 
fluid (o.I ml) 02 - - 0 . 7 7  
fluid (o.i ml) 02 - - 0 . 9 0  
None 0 2 - - 0 . 3 0  

fluid (o.i ml) 02 0.42 
O 3 0.68 

02 o.13 

ermore 

oxidation 

1; O.ll M 
(pH 7-4): 

ml ; yeast 
M D P N  : 

ires. 

P/O 
ratio 

1.56 

0.60 

o.51 

1.18 

1.31 
i .48 

0.03 

varies 
worm s 

absence 
~bolished 

only 
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Complete 
No dialyzed perienteric fluid 

No pyruva te  
Complete 

Complete 
Complete 
No D P N  
Complete 

Complete 
No py ruva t e  
No D P N  

No dialyzed perienteric fluid 

Complete 
Complete 

IO air 0.25 o.17 
25 air 0.23 0.38 

I . O  5 

0.24 
0.47 

O . 2 I  

0.35 
o.69 

have reported the uptake of Inorganic phosphate by br~ 
9. The conditions of their experiments strongly suggest th~ 
re formed as a result of anaerobic reactions which may 1: 
ilycolytic enzymes; the occurrence of the latter in Ascar~ 
.ted 1°. Our results supply confirmatory evidence for th 
~rganic phosphate by Ascaris muscle. In addition, we hay 
ations by preparations of Ascaris muscle, under conditior~ 
"ylations proceed at a much slower rate or are not demor 
in mammalian tissues, such as kidney or liver, oxidativ 
muscle are catalyzed by a particulate fraction and ar 

3f electrons or of hydrogen through DPN which is reduce 
a substrate, such as pyruvate. On the other hand, oxidativ 

Complete 

Complete 
Complete + succinate 
(final concn.: 0.02 molar) 

Complete 
Complete 
Complete 

ROGERS AND LAZARUS have 
or extracts of Ascaris muscleL 
organic phosphate esters were 
coupled with the action of glycol~ 
muscle has been demonstrate 
anaerobic esterification of inor 
observed aerobic phosphorylations 
in which anaerobic phosphorylation 
strable at all. As with certain 
phosphorylations in Ascaris 
associated with the transfer of 
as a result of the oxidation of a 
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fibitory effect was less pronounce( 
V) an increase in the aerobic ph, 

TABLE IV 

¢.E B Y  A P A R T I C U L A T E  F R A C T I O N  I N  TI-1 

A N D  D I A L Y Z E D  P E R I E N T E R I C  F L U I D  

listed on Table I I I ,  the complete syste 
ialyzed perienteric fluid (o. 1 ml). Total  x 
lutes. 

Incubation 
period Gas phase P-uptake 
(rain) It-at°ms 

3 ° 0 2 0.38 
3 ° 0 2 0.09 
3 ° 0,  2 nil 
3 ° N 2 nil 

25 02 0.32 
25 air o.35 
25 02 nil 
25 N~ nil 

25 air 0.60 
25 air nil 
25 air nil 
25 air 0.06 

45 air 0.28 

io air o.37 
1o air o.I9 

5 air o.o6 
lO air o.12 
20 air 0.25 

DISCUSSION 

o n s  

I l L "  L ~ L ~ U b  

ake was 

pyruva te  
Tempera-  

P/O 
ratio 

0.40 
o.14 

0.38 
0.57 

0.59 

0.09 

1.45 
0.60 
0.27 

i .55 
0.40 

0.29 
0.34 
0.36 
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3 "  I O - - °  

P a r t i c u l a t e  
f r a c t i o n  3" IO-S 

8 " 1 0  5 

P a r t i c u l a t e  
f r a c t i o n  3" i o .5  

8. lO -5 

P a r t i c u l a t e  
f r a c t i o n  3" lO-5 

I • I O  - 4  

P a r t i c u l a t e  
f r a c t i o n  3 '  IO-S 

8 "  I O  - 5  

3" IO-5 
8 '  IO - s  

phorylations by Ascaris muscle preparations require, 
:ituent of the parasite's perienteric fluid. Aerobic 

v . i u  
25 air  ni l  o .98  - -  
25 air  o . 1 9  o . 8 6  o .22  

o .43  
o .39  
0..33 
0 . 4 0  

in addition, a non-dialyzak 
phosphorylations cannot 

ase system of Ascaris nmscle 11, because succinate failed 
~anic phosphate; furthermore, oxidation of this substra 

:o -~ M) of dinitrophenol had the same effect on the metab 
i that of mammalian tissues, i.e., they inhibited oxidati 
,ducing the oxygen uptake. However,  if the concentrati 
L about three times, uptake of inorganic phosphate co 
a the presence of the lower concentration and in some e 
• even higher than that observed in the absence of diniti 
at in Ascaris muscle the well-known "uncoupling" 
alanced by a stimulatory effect of this compound on sot 
:tly or indirectly in the aerobic utilization of inorgar 

allan tissues aerobic phosphorylations proceed at a mu 

6 P a r t i c u l a t e  - -  
f r a c t i o n  3" 10 -5 

8" IO -5 
2 . 8 "  1 0  - 4  

phosphor b 
constituent 
generated by the succinoxidase 
support the uptake of inorgamc 
inhibited aerobic phosphorylations. 

Low concentrations (3" IO-~ 
lism of Ascaris muscle as on 
phosphorylations without reducin 
of dinitrophenol was raised 
sistently was greater than in 
periments it was equal to or 
phenol. It would appear that 
of dinitrophenol is counterbalanced 
mechanism concerned direc 
phosphate.  

Compared with mammalia 
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T A B L E  V 

O P H E N O L  ON A E R O B I C  P H O S P H O R Y L A T t  

~PARATIONS OF Ascaris  ML'SCL~ 

s y s t e m  l i s t ed  in t i le  l e g e n d  of  T a b l e  I ,  i 
u se d .  

Incubation 
period Gas phase P-uptake 
(rain) I~'at°ms 

i o  a i r  2.1o 
lO a i r  - - 0 . 3 9  
i o  N 2 - - o . 2 7  
lO N 2 - - 0 . 3 2  

25 a i r  0.23 
25 air  ni l  
"5 a i r  0 .20 

lO a i r  o.12 
i o  a ir  nil  
i o  a i r  0 .39 

25 a i r  0 .60  
25 air ni l  
25 a i r  I .  17 

i o  a i r  0 .36 
i o  air  ni l  
IO a i r  0 .28 
25 a i r  0 .36 

1o a i r  o.21 
o air  ni l  

lO a i r  o .26  
i o  a i r  o .29 

p e r i m e n t s  

P/O 
ratio 

3.95 

0.60 

o.19 

0 .34 

1.08 

0.59 

o . 7 7  

1 .24  

0 . 8 2  
o.46  

o .49 

0 .78 
0.73 

7zable 
be 
to 

mbstrate 

~tabo- 
)xidative 

I o n  

c o n -  
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dinitro- 
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.nic 

much 



Les a u t e u r s  on t  d6mont rd  que  des p r6para t ions  de muscle  d'A 
s adrobies.  I1 f a u t  pour  cela q u ' u n e  f ract ion figurde du mr  
ide p6r ient6r ique  du paras i te ,  un  s u b s t r a t  (pyruvate)  et  du di l 
ats. A faible concen t ra t ion ,  te d in i t roph6nol  dissocie les phos] 
:st mo ins  prononcd  ou i n , m e  suppr im6  si la concen t ra t ion  en 

Das V o r k o m m e n  aerobischer  Phosphory l i e rungen  in Ascaris- 
Ld eine besondere  F rak t i on  des Muskels ,  ein n ich t  dia lysierbar  
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