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SUMMARY 

Crude cotnmerclal collagenase (clostndmpeptlda~e, EC 3 4 4 19) used for pre- 
paring suspensions of isolated adipose tissue cells hydrolyse large portions of cellular 
[Me-14Clchohne lecithin 

By use of lecithin labeled biosynthetically with LMe-x4Clcholine, a2t) or [I-x~C ]- 
labeled fatty acid, the phosphohpase activity that contaminates the crude collagenase 
preparation was identified as phosphohpase C (phosphatidylchollne chohnephospho- 
hydrolase, EC 3 i 4 3), m line with the bacterial ,ource (Clostrzd~um hzstolytzcum) of 
the enzyme preparation 

Purified commercial collagenase contains little phosphohpase C activity 

INTRODUCTION 

Since RODBELL 1 introduced collagenase (clostrl&opeptldase, EC 3 4 4 IQ) treat- 
ment of adipose tissue as a means of obtaining suspen~lons of free fat cells, this tech- 
tuque has been widely used for the study of metabohsm of homogeneous populatmns 
of Isolated adlpocytes 

While studying phosphohpld metabolism by fat cell~ isolated from rat epldl- 
dymal fat pads by collagena~e treatment, we observed degradation of cellular phos- 
phohpid Since collagenase is prepared from Clostrldla, a bacterial species rich in 
phospholipase C (phosphatldylchohne chohnephosphohydrolase, EC 3 I 4 3) 2, we 
examined several commercial preparatmns of collagenase for the presence of phos- 
phollpa~e activity 

The findings indicate that crude eollagenase preparations, ~hfie exceedingly 
effective in producing ~uspensions of isolated fat cells, manifest striking phospho- 
hpase C activity capable of hvdrolyslng most of prelabeled cellular lecithin during 
Incubation for I h 
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MATERIALS AND METHODS 

Epldidymal fat pads were obtained from Sprague-Dawley rats (15o-2oo g) 
mamtalned on a regular laboratory chow diet Crude and purified bacterial collagenase 
(Clostrzdtum htstol3,t,cum ) was purchased from Worthington Biochemical Corp (Free- 
hold, N J ), bovine serum albmnln (Fraction V) from Armour Co , IMe-14Clchohne 
chloride (specific activity, 51 8 mC/mmole) from Nuclear Chmago Co, and phos- 
phohpase A (Crotalus adamanteus) from Lights and Co, Colnbrook, Bucks, England 

Preparatzon of varzous radtozsotopzcally-labeled leczthzns 
Lecittnn was labeled biosynthetically by incubating rat-hver slices with 32p~ or 

i~/c-14Clchollne as previously described a 
Lecltllm labeled u lth either II-14Clpalmatate or EI-*4C]linoleate was Isolated 

from the urinary bladder of the toad (Bufo mar,nus), after previoua incubation of 
the tissue with the (IJ4C)-labeled fatty acid 4 

Adipose tissue llplds were labeled with I3Ie-I4C~chohne by incubating epidl- 
dymal fat pads for I h in Krebs-Rmger bmarbonate solution, containing I #C of 
[Me-14Clcholine After I h the tissues were rinsed in nonradioactive choline Ringer's 
solutmn and remcubated in this medium for 20 mm to reduce the pools of radioactive 
water-soluble precursors In experiments in which the effect of collagenase on cellular 
chohne-hplds was examined, pieces of epl&dymal fat pads were incubated in Krebs- 
Ringer bicarbonate (o 5 ml per piece) with collagenase at a concentration comparable 
to the one used to isolate adipocytes (o 3 mg/o 5 ml of mcubatmn medium) for 
varying penoda of time At the end of incubation io ml of chloroform-methanol 
(2 I, v/v) 5 were added to the reaction mixture After lipid extraction in this solvent 
at room temperature for 48 h, the extracts were quantitatively transferred with 
chloroform-methanol (2 I, v/v) through filter paper to 4o-ml glass centrifuge tubes 
Extracts were washed with o 2 vol of 7 mM CaC12 (ref 5) Where appropriate the 
wabtlea were transferred to counting vials, evaporated under a stream of air and 
counted in a l i q u i d  scintillation counter using 2,5-bls-2-(5-lert-butylbenzoxazolyl)- 
thlophene (BBOT) (4 g/1 of toluene) as scintillator 

The lower (chloroform rich) phase was evaporated and phosphohpads in the 
residue were beparated from the bulk of tnglycendes by three extractions with meth- 
anol The methanol extracts were evaporated and transferred to a slhca gel G thin- 
layer plate Only small amounts of tnglycendes appeared on these plates 

The tnglyceride content of the original whole lipid extracts was determined 
on ahquots of the chloroform-soluble lipid remaining after methanol extraction" The 
radioactivity in the neutral lipid fraction was les~ than I~}o of the radloactivltv in the 
methanol extract 

Assay of phosphohpase actzwtv 
Collagenase preparations were tested for phosphohpase activity against various 

radloa~otoplcally labeled leclthms Reaction mixtures contained i mg of deoxycholate, 
2 mM CaC12, o 3 mg of collagenase and labeled lecithin (280 nmoles p4Cleholane- 
labeled or 4 nmoles ElaC]hnolele acid-labeled lecithin + IOO nmoles carrier lecathm, 
or 5 nmoles ~14Clpalmltac acid-labeled lecithin + IOO nmoles carrier lemthm, or IOO 
nmole~ 32p-labeled lecithin) in a total volume of o 5 ml of Krebs-Rmger's bicarbonate 
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s o l u t i o n  a t  p H  7 25 T h e  l eca thm in  t h e  n n x t u r e  u as d i s p e r s e d  b y  v i g o r o u s  a g i t a t i o n  

on  a \ o r t e x  m i x e r  I n c u b a t i o n  w as  c a r r i e d  o u t  for  I h a n d  r e a c t u m ~  were  t e r m i n a t e d  

b y  a d d i t i o n  of  IO ml  of  c h l o r o f o r m - m e t h a n o l  (2 I, v / v )  E x t r a c t ~  were  x~aslled xxlth 

o 2 vol  ~f  7 m M  CaC12 w h e n  t h e  l abe l  ~ as IMc-~4Clchohne  A l l q u o t s  of  w a t e r  wa~he~ 

were  c o u n t e d  as d e s c r i b e d  a b o v e  a n d  t h e  r a d i o a c t i v e  w a t e r - s o l u b l e  pr(~ducts  were  

i d e n t i f i e d  b y  p a p e r  c h r o m a t o g r a p h y  in  p r o p a n o l - N H a O H  ~ a t e r  (60 3 o io ,  b y  w d  ) 

a n d  in p h e n o l - x ~ a t e r  (5 ° 2o, v/v)% s R a d m a c t l v e  h p l d  f r a c t m n s  were  ~ e p a r a t e d  bx 

t h i n - l a y e r  c h r o m a t o g r a p h y  a n d  c o u n t e d  as p r e v l o u b l y  d e s c r i b e d  a T r l g l y c e n d e s ,  f a t tx  

ac ids ,  a n d  d l g l y c e n d e s  were  a l l owed  to  a~cend  l n g h  o n  t i le  p l a t e  a n d  a h n e  x~ a~ d r a w n  

u n d e r  t h e  & g l y c e n d e  s p o t  b e f o r e  p h o s p h o l l p l d s  were  ~ e p a r a t e d  

f A B L E  I 

I N C O R P O R A T I O N  O F  [ . ] [ # - 1 4 ( ' I C H O L I N 1 2  I N T O  L E C I F H I N ,  % P H I N G O M Y E L I N  A N D  L Y S O L E C I T H I N  O f  

ADIPOSE T l S S L  E 

Epldldymal fat  pads of one rat  were cut into halx es and the 4 pieces incubated m i o m l  of Krcb~- 
Ringer 's b~carbonate buffer containing i o ,uC of ~kI~-~a(lchohne and 3 2 mg of glucose After the 
indicated periods of tnne t~s~ues were nn~ed 3 tunes in unlabeled chohne Ringer's solutmn and 
then extracted with 2o inl of chloroform methanol (2 I, v/v) Extracts  were washed x~lth o e x ol 
of 7 mM Ca(l~ (ref 5), and the ~ashes were d~carded Pho~phohp~ds xxere separated and tngl  5- 
cerldes determined as described in the text  

Incubation2 T~glvcemd~ Total Cou~ts/mz~t 
t ime tontenl ~ounts/m~n per mg 
( mz~z ) (rag) tt tgl3,e ~ ~ zd, 

° o o t total cou~#s/mz~z z~2 

L t ~ t k z n  Sph~ngo- 
~}UVCll )2 

30 I3O (9 590 5 ° qI {~ ~ 7 4 7 
60 2OO 5-' 54 ° 2(9o 9I 4 5 5 3 3 
9 ° II2 43 (975 300 9~ o ~o 4 °  

120 130 78 650 565 94 2 2 2 3 ~ 

Lyaoh'e zlht n 

RESULTq 

T a b l e  I s h o ~ s  t h e  i n c o r p o r a t i o n  of  [ M e - l a C l c h o h n e  i n t o  l ec i th in ,  s p h l n g o m y e h n  

a n d  l y ~ o l e c l t h m  of  e p l d l d y m a l  f a t  p a d s  i n c u b a t e d  for  a 2-h p e r i o d  More  t h a n  9o°o 

of  l ip id  r a d l o a c t a ~ l t y  a p p e a r s  in  l e c i t h i n  a n d  t h e  r e m a i n d e r  as a p p r o x i m a t e l y  e q u a l l y  

& s t n b u t e d  b e t w e e n  s p h m g o m y e l l n  a n d  l y s o l e c l t h m  I n c o r p o r a t i o n ,  a f t e r  a n  m l t l a l  

lag  p e r i o d  o f  3o m m  c o n t i n u e d  m r o u g h l y  h n e a r  f a s h i o n  d u r i n g  2 -h  a n c u b a t m n  p e r i o d  

T h e  effect  of  a c r u d e  co l l agenase  p r e p a r a t i o n  on  t h e  d i s t r i b u t i o n  o f  r a d l o a c t l v a t y  

a m o n g  f r a c t i o n s  of  a d i p o s e  t > s u e  p r e v i o u s l y  i n c u b a t e d  w i t h  IMe-14C]chohne  as s h o ~ n  

m T a b l e  I I  I n  t h e  a b s e n c e  o f  co l l agenase  a d i p o s e  t i s sue  l eca thm e x h i b i t s  a sma l l  los~ 

of  r a d i o a c t i v i t y  d u r i n g  t h e  f i rs t  2 h of  i n c u b a t i o n ,  fo l lowed  b y  a m o r e  a p p r e c i a b l e  

d e g r a d a t i o n  d u r i n g  t h e  3 r d  h R a d l o a c t a v l t y  los t  f r o m  l e c l t l n n  was  r e c o v e r e d  112 t h e  

7 m M  CaC12 w a s h e s  of  t i le  h p l d  e x t r a c t s  
I n  t h e  p r e s e n c e  of  co l l agenase ,  a l m o s t  80°o of  t h e  r a d i o a c t i v i t y  w a s  los t  f r om 

l e c i t h i n  m z h a n d  a f t e r  3 h m o r e  t h a n  85 o o of  t h e  l e c i t h in  r a d l o a c t l w t y  was  r e c o v e r e d  

an t h e  w a t e r - s o l u b l e  f r a c t i o n  T h e s e  f i nd ings  i n d i c a t e  a r a p i d  a n d  a l m o s t  c o m p l e t e  

b r e a k d o w n  o f  l a b e l e d  ce l lu la r  l e c i t h i n  
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F A B L E  1[ 

E F F E C T  OF C O L L A G E N A S E  T R E A T M E N T  ON D I S T R I B U T I O N  OF R ~ D I O A C T I V I T Y  A M O N G  FRA.CTIONS OF 

A D I P O S E  T I S S U E  P R E V I O U S L Y  I N C U B A T E D  W I T H  [ 3 [ e - I ~ C I C H O L I N E  

Lecithin of  ep ld idymal  fat  pads was labeled wi th  IMe-t4C}chohne as described In MATERIALS AND 
METHODS A f t e r  l a b e h n g  and washing  of  the  t issue to remove  labeled choline,  the  fat  pads were 
cut  into 8 approx imate ly  equal  pieces and incubated  , ~ t h  and w i t h o u t  col lagenase (o 3 m g  per 
o 5 ml)  A t  the  end of  the  indicated permds of  t i m e  i o  m l  of  chloroform meth a n o l  (2 i ,  v /~)  ~ e r e  
added as described m the text  Lecl thm,  lyso lec l thm + s p h m g o m y e l l n  and water-so luble  radm- 
act lx i ty  were separated by  th in- layer  c h r o m a t o g r a p h y  on silica gel G in c h l o r o f o r m - m e t h a n o l -  
a c e t i c  a c i d - w a t e r  ( i o o  56 20 IO, b y  vol  ) 

lncubatton (tt) 

W i t h o u t  col lagenase 

W i t h  collagenase 

° o of total counls/m~n zn 

Lec~thtn Lysole- lValer- 
ctthtn + soluble 
sphzngo ]ract~on 
mychn 

67 o 8 o 25 o 
04 6 8 4 27o 
62 I 8 9 :9 o 
52 9 8 8 38 3 

66 5 7 2 26 3 
1 4 3  5 2 8 0 5  
I(~ 9 4 6 78 5 
9 6  5 ° 8 5 4  

That the crude collagenase preparation used in these experlmentb was indeed 
contaminated by phosphohpabe activity was estabhshed by use of various leclthlna 
incubated with collagenase in the same amounts as employed for preparation of 
suspensions of adapocytes Table III contains the results of phosphohpase assays of 
crude and "pure" collagenase preparations The crude collagenase rapidly hydrolysed 
leclthlns labeled with 32p, [ii_14Clpalmltate, [i_14C]hnoleate or [MeA4Clchohne The 
radioactive products of  hydrolysis were pho~phorylchohne (approx 5oO/0) and choline 
(approx 5o%) when the label was in the chohne moiety of lecithin 

The radloactlve product of  the degradation of lecithin labeled with [I-x4C] - 
palmItate or [I-14C]hnoleate ~as  almost exclusively in the dlglycende fraction pro- 
vldmg further evidence that the crude collagenase preparation contained phospho- 
hpase C activity 

Incubatmn of the various substrates with the "pure" collagenase preparations 
iesulted in little accumulation of radioactive breakdown products For comparison 
the lecithin labeled with 14C-labeled fatty acid was also treated with snake venom 
phosphohpase A (Crotalus adamanteus) Almost complete hydrolysis was obtained, 
with lysolecithln and free fatty acids as sole radioactive products Since the snake 
venom phosphohpase A acts specifically on the 2-ester position 9, it may be concluded 
that the dlenolc acid occurs predominantly m the 2-position of the toadbladder leci- 
thin Pahmtlc acid is approximately equally distributed between the I- and 2-posl 
tlon 
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3 A B L E  111 

EFI*ECT OF C R U D E  OR PURIFIE D COLLAGEN~_SE PREPAR~_TIONS ON V~_RIOU% I S O T O P I C k L I Y  L ~ B E L E D  
LFCITHINb 

E x t r a c t s  of  a s s a y  n n x t u r e ~  t h a t  c o n t a i n e d  [3/~-~4C~chollnc or  ~"P-labeled l ec i th in  ~ e r e  ~ubjec te ( t  
to  t h i n - l a y e r  c h r o m a t o g r a p h y  m c h l o r o f o r m  m e t h a n o l  ace t i c  a c i d - w a t e r  ( i oo  5 ° 2o io,  b y  • ol ) 
t o  o b t a i n  t h e  i n d i c a t e d  f r a c t i o n s  E x t r a c t s  of  a ~ a y  m i x t u r e s  t h a t  c o n t a i n e d  l ec i th in  l a b e l e d  
w i t h  ( i -~aC)-labeled f a t t y  ac id  w e r e  s u b j e c t e d  to  t h i n - l a v e r  c h r o m a t o g r a p h y  in txxo s o l v e n t  
~y~ tems ,  f i rs t  m l igh t  p e t r o l e u m  - e t h y l  e t h e r - a c e t i c  ac id  (o 5 25 i,  b y  ~ol ) to  n iobe  f a t t y  ac ids  
a n d  d i g l y c e r l d e s  t m x a r d b  t h e  f r o n t  a n d  t h e n  in c h l o r o f o r m  m e t h a n o l - a c e t i c  ac id  x~ater ( i oo  5~, 
2o io,  b y  • o l l  to  s e p a r a t e  lec i th in ,  l y s o l e c i t h m  a n d  r a d i o a c t i •  i t y  a t  t h e  or igin  

L~ ( ; thtn labeled a,*th l n t u -  ° o (,] total counts/me;;  *n 
t)atlotl 
tzm~ L~czthzn L v s o h -  I V a h r -  [w'e~ Dzgly-  
( ; a t n )  ~#h~n .sohtbl¢ fat@ t~;~dcs 

t*ade,.l acids 

aap 

c r u d e  col lagena, ,e* o 95 I 2 2 2 7 
V) 34 S i S ():~ 4 
Oo 17 9 [ 8 ,So ~; 

3 pu r i f i ed  co l l agenas e  I* oo ()1 2 4 2 4 0 
5 pur i f i ed  co l l agenas e  1[* 60 92 () 4 o ~ 4 

N(, a d d i t i o n  Oo 05 o ~ S o ~ 

! l -14C]Palmztate  o 97 () ~ I i l 
t s n a k e  venol:n 24o 7 8 4 s 5 2 o :~7 7 
' c r u d e  co l la~enasc  (~o ~I 5 I 3 [ 3 1 ¢ 04 5 

+ pur i f i ed  colla~ena~_ ~,o Ol 4 i i z 8 :; 2 2 5 

[r -nC]Lzno lea te  o 0 s t I 5 o 4 
s n a k e  ~enoln  24(; 4 1 I2 o 2 o 78 7 

T c r u d e  co l l agenase  60 25 0 r S i t .3 '~ ~7 4 
pur i f ied  co l l agenase  6o O:; 1 2 t 1 4 2 I t 4 

f31e-14C]Chohn~ o 07 o 2 0 o 5 
'- c r u d e  co l l agenabe  6o 25 o 2 o 72 4 

* C r u d e  c o l l a g e n a s e  ( b a t c h  C L b - 6 M o 9 )  Pur i f i ed  co l l ag en a~e  I ( b a t c h  ( I .S ,q GIg) Pur i f i ed  
co l l agenase  I I  ( b a t c h  CLS P~- 8 GA) 

DISCUqSION 

These findings lndmate that crude collagenase fr/mi Clostr,&um h~slolvtzcum 
containa substantial  phosphohpase C actlxlty capable of hydrolysmg mo~t of the 
lecithin of adipose tissue cells within I h The finding that [Me-laC]choline also a , -  
cumulated cannot be attributed to the additional presence of  phosphohpase D in the 
collagenase preparation, since no labeled phosphatldic acid was recovered with any 
of the labeled lecl thms No a t tempt  has been made to estabhsh the possible presence 
m the collagenase preparation of an enzymat ic  act iv i ty  that ~pllts the phosphoryl-  
chohne ester 

Adlpocytes  treated with crude collagenase have been reported to retain a 
"normal" appearance on mlcroacopy even though their fragihty is Increased and the• 
must  be handled in sfllconlzed or plastic rather than glass vessel~ 1 We hax e flmnd 
that  fat pads treated with crude preparations break up more rapidly than those 
treated with purified collagenase The adapocytes used in fins study, though prepared 
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with collagenase containing high phosphohpase C activity, remained intact with a 
normal appearance even in electron mlcrographs taken in connection with a study 
on plnocytosls in which the same collagenase preparation was used1°, n These cells 
also converted glucose to CO 2 and fatty acids and responded to insulin and epi- 
nephrine The properties of adlpocytes prepared with collagenase are affected not only 
bv phosphohpase, but also by insulinase and a hpoprotein hpase inhibitor identified 
in both crude and purified preparations ~2 

Not only phosphatldylchohne but also other phosphoglycerides may be lost 
when phosphollpase C ia present during the preparation of adlpocytes 2 Thl~ attack 
on membrane phosphohpida confirms the mechaniaIn postulated in previous reports 
to account fi)r the insuhn-hke effect of phosphohpase C on adipocytesla, x4 Since the 
degree of contamination of collagenase preparations with phospholipase C is variable 
this may be a factor in the varlabihty in InaulIn response of different preparatlon~ of 
adlpocytes~2, ~5 Alteration of the plasma membrane by phosphohpase could also be 
a factor in the failure of prostaglandin E 1 to cause a rise in the cyclic-AMP levels 
of adipocytes, even though the level does increase when intact adipose tissue is 
treated with this hormone la 
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