
Btochtmica et Btophystca Acta, 370 (1974) 431440 
© Elsewer Scientific Pubhshlng Company, Amsterdam --  Prmted m The Netherlands 

BBA 67363 

ON THE ACTIVATION OF MICROSOMAL U D P G L U C U R O N Y L T R A N S -  
FERASE BY PHOSPHOLIPASE A 

ALLAN B GRAHAM and GEOFFREY C WOOD 
Drug Metabohsm Research Umt, Department of Pharmaceutical Chemistry, Strathclyde Umverstty 
Glasgow G1 IXW (U K ) 

(Received May 27th, 1974) 

SUMMARY 

Activation of rat hver mlcrosomal UDPglucuronyltransferase (EC 2 4 1 17) by 
phosphohpase A (EC 3 1 1 4) was reversed by micellar dispersions of several phos- 
phohpids and by serum albumin When microsomal membranes were treated with the 
phosphohpase in presence of albumin, which binds and removes surface-active phos- 
phohpid degradation products (lysophosphatldes and unsaturated fatty acids), activa- 
tion was delayed by albumin at a concentration of 1 mg/mg of mlcrosomal protein 
and completely prevented by higher concentrations of albumin The UDPglucuronyl- 
transferase of intact mlcrosomal membranes was activated by lysophosphatldyl- 
choline and unsaturated fatty acids at concentrations which were produced by phos- 
phohpase treatment, and the activation by lysophosphatidylchohne most closely re- 
sembled that by phosphohpase A 

It is concluded that the activation of UDPglucuronyltransferase by phos- 
phohpase A is due to the detergent activity of phosphilopid hydrolysis products and 
that the enzyme in intact microsomal membranes probably is not constrained by inter- 
action with a specific phosphohpid 

INTRODUCTION 

Much of our current understandung of the membrane-dependence of the hver 
microsomal enzyme UDPglucuronyltransferase (UDPglucuronate glucuronyltrans- 
ferase, acceptor unspecific, EC 2 4 1 17) has been gained by determining its activity 
before and after perturbing the mlcrosomal membrane with reagents such as phos- 
phohpase A (EC 3 1 1 4) [1-6] 

UDPglucuronyltransferase of guinea pig liver microsomal fractions prepared 
in isotonic KCI was inactivated by phospholipase A [1, 2, 6] particularly when activi- 
ties were measured at a low concentration of UDPglucuronate The enzyme was re- 
activated specifically by mlcellar dispersions of phosphatldylchohne [2] We concluded 
that products from the action of phosphohpase A on mlcrosomal phosphohplds were 
not responsible for inactivation since these compounds did not affect significantly the 
enzyme activity of intact microsomal fractions [1] 

Rat liver microsomal fractions prepared in KC1 possessed lower UDPglucuro- 
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nyltransferase activities than similar guinea pig preparations but they were activated 
by brief treatment with phosphohpasc A, up to the values of untreated guinea pig liver 
preparations [6] More prolonged treatment with phosphohpase A led to loss of 
UDPglucuronyltransferase activity, apparently similar to that which phosphohpase A 
induced in the guinea pig mlcrosomal enzyme 

Similar differences in the responses of the mlcrosomal enzymes to detergents 
[6, 7] are also consistent with the view that the influences of membrane phosphohpld 
structure on UDPglucuronyltransferase activity in the two species are not Identical 

The present paper is concerned with the mechanism of activation of rat liver 
UDPglucuronyltransferase by phosphohpase A and we have addressed ourselves spe- 
cifically to two questions (l) Is the effect of phosphohpase A directly due to degrada- 
tion of membrane phosphohplds which, it has been suggested [8], normally constrain 
UDPglucuronyltransferase activity, or IS It due to the influences of the products of 
phosphohpase A action VlZ lysophosphatides and/or fatty acids 9 LysophosphatIdyl- 
choline and several fatty acids are known to enhance the enzyme activity of intact rat 
liver mlcrosomal preparations [3, 9, 10] (2) Can activation by phosphohpase A be 
reversed by a specific phosphohpld as was the inactivation of the guinea pig enzyme 
(ref 2) 9 

In this paper, therefore, we have examined the effects, on UDPglucuronyl- 
transferase activity, of mlcellar dispersions of several phosphohplds before and after 
treating microsomal fractions with phosphohpase A, the effects of removing phos- 
phohpld degradation products after activation and the effects of these compounds on 
the enzyme activity of Intact mlcrosomal preparations 

MATERIALS AND METHODS 

Crystalline bovine serum albumin, lysophosphatldylchohne, palmmc, stearIc, 
hnolelc and arachIdonlc acids were purchased from Sigma London Chemical Co L td ,  
Kingston-upon-Thames, Surrey, Great Britain Phosphatldylchohne was purified ac- 
cording to Attwood et al [2] The other phosphohplds were purchased from Koch- 
Light Laboratories, Colnbrook, Bucks, Great Britain and had the compositions re- 
ported previously [2] Phosphohpase A, free from proteolytIc activity, was purified 
from Crotalus adamanteus venom [1 ] 

Male Wlstar rats (I 50-200 g), purchased from Fisons Pharmaceuticals, Lough- 
borough, Leicestershire, Great Britain, were starved overnight and liver mIcrosomal 
fractions prepared in 0 154 M KCl [6] The twice-washed mlcrosomal pellets were 
suspended in sufficient 0 154 M KC1 to yield a protein concentration of 20 mg/ml, 
measured with a bluret reagent [11] standardised with bovine serum albumin The 
mlcrosomal suspensions were stored at 0 °C and used within I h of preparation 

Mlcrosomal suspensions (5 or 10 mg of protein per rnl, final concentration) 
were digested with phosphohpase A (10 #g/rag of mlcrosomal protein except where 
otherwise stated) by shaking at 20 °C in a medium containing 12 5 mM Trls-HC1 
buffer, pH 8 0 and 2 5 mM CaClz The reaction was terminated by adding an excess 
of EDTA The time-course of the phosphohpase A-catalysed hydrolysis of micro- 
somal phosphohpld was followed by measuring the release of lysophosphatldes 
EDTA (10 raM, final concentration) was added to portions (2 ml) of a digest and the 
mixtures freeze-dried The phospholiplds were extracted with four 5-ml volumes of 
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chloroform-methanol (2 1, v/v) The solutions were washed and the phosphohplds 
separated by two-dimensional thin-layer chromatography and the proportions of 
individual phosphohpids determined as described previously [10] The quantities of 
the lysophophatides released were then calculated, using the known phosphohpid 
content and composition of native mlcrosomal preparations 

Other microsomal fractions (5 mg of protein per ml) were treated with lyso- 
phosphatidylchohne or fatty acids in the concentration range 0-0 3 /zmole/mg of 
mlcrosomal protein for 10 min at 20 °C in the presence of 25 mM TrIs-HC1 buffer, pH 
8 0 Lysophosphatldylchohne was added as a 3 mM solution in water, the fatty acMs 
were added as fine dispersions in water (3/~mole/ml) produced by sonlcation 

Phosphohpld micellar dispersions were prepared in 20 mM Trls-HC1 buffer, 
pH 8 0, containing 1 mM EDTA [2] The phosphorus contents of phosphollpad mlcel- 
lar dispersions and mlcrosomal suspensions were measured after drying by the method 
of Chen et al [12] The phosphohpld content of mlcrosomal fractions was calculated 
as described previously [10] after subtracting from the phosphorus content 1 7 #g P/ 
mg of mlcrosomal protein whlch could not be extracted from mlcrosomal membranes 
by extensive washing with chloroform-methanol 

UDPglucuronyltransferase activity was measured with p-nltrophenol as accep- 
tor at a UDPglucuronate concentration of 0 5 mM (ref 7) ActWltles of the various 
mlcrosomal preparations were determined w~th portions of suspensions containing 
0 5-1 0 mg of microsomal protein In this series of experiments the UDPglucuronyl- 
transferase actlwties of unactlvated mlcrosomal fractions were in the range 0 74-1 19 
nmole ofp-nItrophenol glucuronidated per mln per mg of mIcrosomal protein 

RESULTS 

Acttvatton of UDPglucuronyltransferase by phosphohpase A 
Activation of rat laver UDPglucuronyltransferase by phosphohpase A is now 

well documented [3, 5, 6, 10] Confirming these reports, Fig 1 shows the marked in- 
crease in enzyme activity which occurred on treating a freshly prepared microsomal 
suspension with a low concentration of phosphollpase Since activatmn occurred only 
in presence of added Ca z+ (Fig I) which are required for phosphohpase activity [13] 
and no activation was obscrved after mlcrosomal suspensions had been incubated 
alone even for 4 5 h at 30 °C we concluded that the effect was entirely dependent on 
the catalytic action of phosphohpase A 

The extent of activation depended on the time of treatment (Fig 1) and on the 
concentration of phosphohpase A In a separate experiment employing a fixed 15-mln 
digestion period, maximum activation of UDPglucuronyltransferase was observed at 
a phosphohpase concentration of 10/~g/mg of microsomal protein 

Reversal of phosphohpase A activation by phosphohpld mlcelles 
Treatment of guinea pig liver microsomal fractions prepared in 0 154 M KCI 

with phosphohpase A inactivated UDPglucuronyltransferase [1, 2] While full activity 
was restored to the treated preparations by phosphatidylchohne mlcelles, none of 
several other phosphohplds reactivated significantly and we concluded that phospha- 
tidylchohne in intact mlcrosomal preparations was specifically required for the en- 
zyme's activity In the light of those results it IS reasonable to speculate that UDP- 
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Activation of UDPglucuronyltransferase by phosphohpase A Mlcrosomal suspensions (5 mg Fig 1 
of protein per ml) were prelncubated without phosphohpase A or Ca 2+ (D), without phosphohpase 
A but with Ca z+ (A), with phosphohpase A but without Ca 2+ (Q)), and with both phosphohpase A 
and Ca 2÷ (0) Portions of the mixtures were withdrawn after various times and enzyme activity 
determined in presence of 3 3 mM EDTA Enzyme activity is expressed relative to that of the mix- 
ture without phosphohpase A and Ca z+ at zero time 

glucuronyitransferase m intact rat hver mlcrosomal membranes might be restrained 
from expressing its maximum actlvlty through mteracnon with a specific phospho- 
hpld To investigate this, rat enzyme was activated to near its maxtmum level by a 
brief treatment with phosphohpase A and portions of the mlcrosomal suspensions 
added to various concentrations of mlcelles of the phosphohplds found m mlcrosomal 
membranes [I0] Activation by phosphohpase A was reversed by low concentrations 
of all the phosphohplds (Fig 2) Phosphatldylserme, however, at concentrations great- 
er than 10/zg of phosphorus per mg of mlcrosomal protein reduced the actlvlty of 
phosphohpase-treated enzyme to less than unacttvated values None of the phospho- 
hplds except phosphatldylserme had any significant effect on the UDPglucuronyl- 
transferase actlvlty of Intact mlcrosomal preparations (Fig 2) Phosphatldylserme was 
strongly inhibitory In our earher work [2] phosphat~dylserme and phosphatldyhnosl- 
tol inhibited the enzyme activity of intact guinea pig mlcrosomal preparations 

The results of Fig 2 indicate that abohtlon by phosphollpld mlcelles of the 
increased UDPglucuronyltransferase activities of phosphohpase A-treated mlcro- 
somal preparations ~s an unspecific process and do not support the wew that in intact 
rat hver mlcrosomal membranes the enzyme m~ght be constrained by lnteract~on with 
a specific phosphohpld species An alternative, non-speofic, mode of action of the 
phosphohplds might be the removal from the mlcrosomal membranes, probably as 
mixed m~celles, of materials that stimulate UDPglucuronyltransferase activity which 
are produced by the catalytic action of phosphohpase A 

Reversal of phosphohpase A acttvatton by albumin 
Crystalhne serum albumin has a considerable affimty for lysophosphattdes and 

fatty aods and has been used to brad and remove these products of phosphohpase A 
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Fig 2 Effects of phosphollpld mlcelles and albumin on UDPglucuronyltransferase activity m un- 
treated (O) and phosphohpase A-treated (O) microsomal fractions Mlcrosomal fractions (10 mg of 
protein per ml) were prelncubated with and without phosphohpase A for 5 mln EDTA was added 
(final concentration, 10 mM) and portions of the mixtures added to various concentrations of the 
different phosphohpids or albumin in Trls (20 mM)-EDTA (l mM), pH 8 0 After 5 mm, portions 
of these mixtures were assayed for enzyme activity which is expressed relative to that of the untreated 
mlcrosomal suspension added to TrIs-EDTA, pH 8 0 Phosphohpld concentrations are quoted as 
pg of phosphohpld phosphorus per mg of mlcrosomal protein and those of albumin as mg/mg of 
mlcrosomal protein 

acUon from t rea ted  mmrosomal  membranes  [1, 14-16] A lbumin ,  at  concent ra t ions  
equal  to or  greater  than  1 m g / m g  of  mlc rosomal  prote in ,  comple te ly  res tored  the high 
activit ies of  phosphohpase - t r ea t ed  mlc rosomal  membranes  to unac twa ted  values and  
had  no effect on UDPglucu rony l t r ans fe ra se  acUvity o f  in tac t  mlcrosomal  f ract ions  
even at  a concent raUon o f  10 mg/mg of  mlc rosomal  pro te in  (Fig  2) These observa-  
Uons s t rongly  suppor t  the Idea tha t  it  is the p roduc t s  f rom p h o s p h o h p i d  hydrolys is  
which acUvate UDPglucurony l t r ans fe ra se  

As a fur ther  test,  a mlc rosomal  f rac t ion  was t rea ted  with phosphohpa se  A in 
the presence and  absence of  different  concent raUons  o f  a lbumin  The usual  acUvat lon 
of  UDPglucurony l t r ans fe rase  was observed  in the absence o f  a lbumin  wh,le increas ing 
concent ra t ions  o f  a lbumin  m the digests resulted m increas ing delays in ac twa t lon  
(Fig  3) Indeed,  a t  the highest  concen t ra t ion  of  a lbumin  (3 mg/mg of  mlc rosomal  
prote in)  enzyme ac t iva t ion  was comple te ly  prevented  dur ing  the enUre duraUon (30 
ram) o f  p h o s p h o h p a s e  A t rea tment  I t  is unhkely  tha t  this effect is due to mhlb]Uon of  
p h o s p h o h p a s e  A by a lbumin,  since a lbumin  ~s known to s t imula te  phosphohpa se  A 
act ivi ty  [17] 

In  a s imi lar  exper iment  with guinea pig  mlc rosomal  fracUon, a lbumin  (1 mg /mg  
of  mlc rosomal  prote in)  In the digest  did  not  affect the Ume course of  UDPglucu rony l -  
t ransferase  reac t iva t ion  and  we concluded  tha t  phosphohpa se  A react ion produc ts  had  
not  inhibi ted  U D P  glucuronyl t ransferase  act ivi ty  (ref  1, G r a h a m ,  A B and  W o o d ,  
G C ,  unpubhshed)  
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Fig 3 Effect of albumin on the activation of UDPglucuronyltransferase by phosphohpase A 
Mlcrosomal suspensions (5 mg of protein per ml) were treated with phosphohpase A in the absence 
(0) and presence of albumin at concentrations of 1 (©), 2 (D) and 3 (A) mg/mg of mlcrosomal 
protein Portions of the d~gests were removed at various times and assayed for enzyme activity m 
presence of 3 3 mM EDTA Enzyme activity is expressed relative to that of an untreated rrucrosomal 
suspension 

Activation by lysophosphattdylchohne and fatty acids 
If fatty acids and/or lysophosphatldes produced by phosphohpase A are re- 

sponsible for the activation of rat liver UDPglucuronyltransferase, these compounds 
should stimulate the enzyme act]vlty of intact mlcrosomal fractmns at concentrations 
produced by the hydrolase acting on the phosphohplds of mlcrosomal membranes 
Fig 4 shows the time-course of mlcrosomal phosphohpld hydrolysis by phosphohpase 
A under the condmons of our experiments After 30 ram, 0 37/zmole of lysophospha- 
tide per mg of mlcrosomal protein was released From the stolchlometry of the reac- 
tion, release of an equal amount of fatty acid IS expected In a previous experiment 
[ 10] in which phosphohpld hydrolysis had been followed by tltra tlon, an approximate- 
ly equivalent amount of NaOH was consumed 

Phosphohpase A catalyses the hydrolysis of phosphohplds by specifically at- 
tacking the 2-ester position, thus releasing fatty acids whmh are predominantly un- 
saturated [18] The major unsaturates of rat liver mlcrosomal phosphohplds are 
hnolem and arachldomc acids, the major saturated species, palmltlc and steanc 
acMs [19], and lysophosphatldylchohne was the major lysophosphaUde released by 
phosphohpase A from our mlcrosomal preparations (Fig 4) The saturated fatty acids 
(0-0 3/zmole/mg of mlcrosomal protein) dM not affect the UDPglucuronyltransferase 
actlvJty of intact mlcrosomal fraction while the unsaturates, especially hnolelc acid 
stimulated s~gmficantly at concentrations greater than 0 2/~mole/mg of mlcrosomal 
protein (Fig 5) Very slmdar results were obtained when dxspersmns of the unsaturated 
fatty acids were prepared under N2 to avoid peroxMatlon of the lipid The most power- 
ful stimulation of activity was observed with lysophosphatMylcholme, while an 
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Fig 4 Release of lysophosphatldes from mlcrosomal phosphollpld catalysed by phosphohpase A 
See Materials and Methods Lysophosphatldylchohne (©), lysophosphatldylethanolamlne (D), 
lysophosphatldyhnosltol plus lysophosphaUdylserlne (A), and total lysophosphatlde (Q) The 
phosphohpld content of the mlcrosomal suspension at zero time was 555 #g/mg of mlcrosomal pro- 
tern and its phosphohpld composition, 59 4 ~  phosphaUdylchohne, 25 6 ~ phosphatldylethanol- 
amine, 11 8 ~ phosphatldyhnosltol plus phosphatldylserme, and 3 2 ~ sphlngomyelln To calculate 
the quantities of individual lysophosphatldes released the following molecular weights were as- 
sumed, for phosphatldylchohne, 810, for phosphaUdylethanolamlne, 750, and for phosphatldyl- 
lnosltol plus phosphatldylserme, an average of 830 

equlmolar mixture of hnolelc acid and the lysophosphatide produced a stimulation 
approximately equivalent to that of  hnolelc acid alone 

The activation by lysophosphatldylchohne most closely resembles that pro- 
duced by phosphohpase A although the latter occurred at lower product concentra- 
tions Perhaps this is not surprising since in the experiment of  Fig 5 lysophosphatlde 
and fatty acids were added to the membranes '  normal complement of  intact phos- 
phohpld so that the activations by phosphohpase A and added hydrolysis products 
occurred under conditions which were not identical 

The results of  Fig 5 are in reasonable agreement with those of Hannlnen and 
Puukka [3, 9] However, those authors reported [3] that phosphatldylchohne at a 
concentration of 40 fig P per mg of mlcrosomal protein stimulated the UDPglucuro- 
nyltransferase activity of  an intact microsomal preparation while we found (Fig 2) no 
activation of the enzyme by the phosphohpld at any concentration up to 80 #g P per 
mg of mlcrosomal protein To explain this discrepancy we suggest that the commercial 
preparation of phosphatldylchohne used by Hanninen and Puukka might have con- 
tamed lysophosphatldylchohne In addition, we observed no activation of UDP- 
glucuronyltransferase by the saturated fatty acids at concentrations below 0 3 ffmole/ 
mg of mlcrosomal protein, while they recorded 2-3-fold increases in activity at this 
concentration of both palmltic and stearlc acids [9] 
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Fig 5 Effects of phosphohpase A hydrolysis products on UDPglucuronyltransferase activity 
Mlcrosomal suspensions were treated with various concentrations of palmltJc aod ([]), steanc aod 
(Ill), hnolelC acid (A), arachldomc acid (A), lysophosphatldylchohne (©), and an equlmolar mixture 
of llnolelc acid and lysophosphatldylchohne (×) as described in Materials and Methods Enzyme 
activity is expressed relatwe to that of an untreated m~crosomal suspension For comparison is in- 
cluded the effect of phosphohpase A (0, data calculated from those of Figs 1 and 4) 

The results of Fig 5 indicate that actlvatlon of UDPglucuronyltransferase can 
be simulated by adding the products of the phosphohpase A reaction to intact micro- 
somal membranes Moreover, activation of the enzyme by products was reversed by 
albumin as was activation by phosphohpase A (Fig 2) When UDPglucuronyltrans- 
ferase was activated by an eqmmolar mixture of llnolelc acid and lysophosphatldyl- 
choline (0 2/~mole of each lipid per mg of mlcrosomal protein) the effect was fully 
reversed by albumin at concentrations in excess of 4 mg/mg of mlcrosomal protein 

Since the activation by lysophosphatldylchohne most closely resembled that 
by phosphohpase A (Fig 5) we suggest that lysophosphatldes are probably responsible 
for activation of UDPglucuronyltransferase by phosphohpase A 

DISCUSSION 

To account for activation of mlcrosomal UDPglucuronyltransferases by phos- 
phohpase A It has been proposed [8] that an intact membrane phosphohpid environ- 
ment constrains the enzyme in a conformation of low activity and that perturbation 
of phosphohplds releases It to express full activity If  this theory is correct, our data 
(Fig 2) indicate that UDPglucuronyltransferase is not speofically constrained by any 
particular phosphohpld since all the phosphollplds tested reversed the activation by 
phosphohpase A Indeed, activation does not appear even to be due directly to degra- 
daUon of membrane phosphohplds The results of Figs 2, 3 and 5 establish that it is 
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the surface-active products (especially lysophosphatldes) of the catalytic action of the 
phosphohpase which are responsible Thus, activation of rat liver mlcrosomal UDP- 
glucuronyltransferase by phosphohpase A closely resembles that by detergents [6, 7, 
22, 23] and by the lysophosphatldes in microsomal membranes isolated from protein- 
deficient rats [10] 

The reported [3] activation of UDPglucuronyltransferase by phosphohpase C 
(EC 3 l 4 3) also might be due to surface-active compounds, even though the immedi- 
ate products of phosphohpase C action (diglycerides and phosphomonoesters) are not 
surface-active, rat liver mlcrosomal fractions contain an acylhydrolase which liberates 
fatty acids from the diglycerides produced by phosphohpase C [20, 21] Moreover, it 
has been recorded [3] that phosphollpase D (EC 3 1 4 4), which does not liberate 
surface-active products, did not activate UDPglucuronyltransferase Therefore, we 
propose that activation or UDPglucuronyltransferase by phosphohpld hydrolases is 
due to the release (directly or indirectly) of stlmulatory surface-active compounds 
Recently, Mookerjea and Yung [24] concluded that the activation of rat liver micro- 
somal UDPgalactose glycoprotein galactosyltransferase by phosphohpase A is due to 
the detergent properties of the lysophopshatldylchohne produced, suggesting that our 
hypothesis may be of more widespread application 

Release of UDPglucuronyltransferase from a conformational constraint, to 
which it is subject in Intact microsomal membranes [8], is only one plausible explana- 
tion for the enzyme's activation Wlnsnes [22] and Mulder [23] proposed that deter- 
gents unmask enzyme molecules or active sites on the enzyme which are normally in- 
accessible to substrates due to the location of the protein within the membrane The 
data presented m this paper do not allow us to distinguish between these two theories 
but in view of the findings that detergents [25], phosphohpase A, unsaturated fatty 
acids and lysophosphatidylchohne [14] increase the permeability of microsomal mem- 
branes they provide some support for the second 

ACKNOWLEDGEMENTS 

We are indebted to the Science Research Council for financial support, and to 
Mrs Carolyn Hlbberd for technical assistance 

REFERENCES 

1 Graham, A B and Wood, G C (1969)Blochem Blophys Res Commun 37, 567-575 
2 Attwood, D,  Graham, A B and Wood, G C (1971) Blochem J 123, 875-882 
3 Hannlnen, O and Puukka, R (1971) Chem Blol Interacttons 3, 282-284 
4 Vessey, D A and ZaMm, D (1971)J Blol Chem 246, 4649-4656 
5 Vessey, D A and ZaMm, D (1972) Biochlm Blophys Acta 268, 61-69 
6 Graham, A B and Wood, G C (1973) Btochtm Blophys Acta 311, 45-50 
7 Graham, A B and Wood, G C (1972) Blochlm Blophys Acta 276, 392-398 
8 Vessey, D A and Zaklm, D (1972)J Blol Chem 247, 3023-3028 
9 Puukka, R and Hanmnen, O (1972) Int J Blochem 3, 357-362 

10 Graham, A B, Woodcock, B G and Wood, G C (1974) Blochem J 137, 567-574 
11 Layne, E (1957) Methods Enzymol 3, 450-451 
12 Chen, P S, Tonbara, T Y and Warner, H (1956) Anal Chem 28, 1756-1758 
13 Satto, K and Hanahan, D J (1962) Blochemmtry 1, 521-532 
14 Flehn, W and Hasselbach, W (1970) Eur J Blochem 13, 510-518 



440 

15 Melssner, G and Flelscher, S (1972) Blochlm Blophys Acta 255, 19-33 
16 Duttera, S M,  Byrne, W L and Ganoza, M C (1968) J Blol Chem 243, 2216-2228 
17 Smith, A D ,  Gul, S and Thompson, R H S (1972)Blochlm Blophys Acta 289, 147-157 
18 Hanahan, D J ,  Brockerhoff, H and Barton, E J (1960)J Blol Chem 235, 1917-1923 
19 Elhngson, J S,  Hi11, E E and Lands, W E M (1970) Blochlm Blophys Acta 196, 176-192 
20 Cater, B R and Halhnan, T (1971) FEBS Lett 16, 137-140 
21 Mlchell, R H ,  Coleman, R and Fmean, J B (1973) Blochlm Blophys Acta 318, 306-312 
22 Wmsnes, A (1969) Blochlm Blophys Acta 191, 279-291 
23 Mulder, G J (1970) Blochem J 117, 319-324 
24 Mookerjea, S and Yung, J W M (1974)Blochem Blophys Res Commun 57, 815-822 
25 Krelblch, G ,  Debey, P and Sabatml, D D (1973) J Cell Blol 58, 436-462 


