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Purif icat ion and Partial  Character izat ion of L y s o z y m e  f r o m  Mouse  Smal l  Intestine 
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Summary. Lysozyme  was isolated f rom the  small  in tes t ine  of mice by  combined  ion-exchange and  molecular  sieve 
ch roma tography .  This lysozyme differs f rom t h a t  isolated f rom the  urine of mice w i t h  m o n o c y t o m a  in amino  acid 
composi t ion,  and migra t ion  ra te  in cellulose ace ta te  electrophoresis .  As in tes t ina l  lysozyme originates  a t  least  in pa r t  
f rom t h e  P a n e t h  cell, our resul ts  po in t  towards  the  exis tence of isozymes of lysozymes in mice. 

In  av ian  egg-whites  two  marked ly  d i f ferent  forms of 
lysozyme ( 'ch ick- type '  and  'goose- type ' )  have  been des- 
cribed ~-~. Mammal ian  lysozymes  belong to the  'chick- 
t ype '  lysozyme,  and a l though  i t  ha s  been  suggested t h a t  
granulocyt ic  and  macrophage  isozymes of lysozyme exis t  
in m a n  5, it  is general ly a s sumed  t h a t  wi th in  one mam-  
mal ian  species l y sozymes  f r o m  d i f f e r e n t  sources have  
ident ical  s t ruc tures  6. The presence  of lysozyme in ~the 
P a n e t h  cells is now welt documentedT-H and  in tes t ina l  
lysozyme is, a t  least  in parL produced  by  the  P a n e t h  cell. 
Dur ing  our immunoh i s tochemica l  s tudies  1~ lysozyme 
was isolated f rom mouse  small  intest ine.  The character is-  
tics of th is  lysozyme,  descr ibed in th is  paper ,  differ f rom 
those  repor ted  for mouse  monocyt ic  lysozyme 1~. These 
resul ts  suggest  t h a t  lysozyme isozymes exist  in mice. 

Materials and methods. Purif icat ion.  Mice of the  NM]~I 
strain,  app rox ima te ly  6 weeks old, were killed by  a sharp  
blow on the  head.  The smal l  in tes t ine  was quickly re- 
moved,  homogenized,  and the  homogena te  cent r i fuged at  
100,000 g for 60 min at  4~ Lysozyme was isolated f rom 
the  supe rna t ans  by  ion-exchange  and molecular  sieve 
c h r o m a t o g r a p h y  according to s t anda rd  procedures .  

Character izat ion.  Amino acid analyses were pe r fo rmed  
on a Technicon Model 100 amino  acid analyzer,  following 
hydrolys is  of the  samples  for 8, 15 and 24 h in 6 N HC1 
under  vacuum  at  110~ The UV~spectra of hen ' s  egg- 
whi te  lysozyme (HEL) and mouse  in tes t ina l  lysozyme 
(MIL) in 0.1 M HC1 and  0.1 M N a O H  were recorded on a 
Un icam SP-800. The molecular  weigh t  was e s t ima ted  by  
compar ing  the  migra t ion  ra tes  of H E L  and  MIL  on th in  
layers of Sephadex  G-50 (grade superfine).  Lysozymes  
were localized by  spray ing  the  pla tes  wi th  a Micrococcus 
lysodeikticus suspension of 10 mg/ml.  Cellulose ace ta te  
electr0Phoresis  was carried out  wi th  the  Microzone equip- 
ment .  (Beckman I n s t r u m e n t s  Inc., Palo Alto, Calif., 
USA) at  two di f ferent  pH-values .  

Results. Purif icat ion.  A supe rna t ans  ob ta ined  f rom the  
homogena t e  of the  small  in tes t ine  of 20 mice, conta in ing  
app rox ima te ly  7.5 mg lysozyme was loaded on a co lumn 
of amber l i te  CG-50, equi l ibra ted  wi th  0.2 2kI phospha t e  
buffer  p H  6.5. A s tepwise g rad ien t  of NaC1 f rom 0.0 to  
0.5 3 / /w as  appl ied in 5 s teps  of 0.1 iV/, to  elute absorbed 
proteins .  Lysozyme  ac t iv i ty  was Fluted a t  0.3 M and 
concen t ra t ion  of this  eluate was achieved by  a m m o n i u m  
sulfate  p rec ip i ta t ion  (90% sa tu ra t ion  at  25~ The 
prec ip i ta te  was  collected by  cen t r i fuga t ion  and  ch romato -  
g raphed  on Sephadex  G-50. The overall  yield a t  th is  po in t  
was 30%, especial ly due to a low recovery  on amber l i te  
(44% only). Therefore,  the  lysozyme conta in ing  fract ions 
of several  such p repa ra t ions  were  combined,  again pre- 
c ip i ta ted  by  a m m o n i u m  sulfate  and r ech roma tog rap h ed  
on Sephadex  G-75 yielding an a lmost  s y m m e t r i c a l  peak  
wi th  cons t an t  specific ac t iv i ty .  The cen te r  f ract ions were  
desa l ted  on Sephadex  G-10 w i t h  0.l  N acetic acid as the  
eluate,  and lyophilized.  

Character izat ion.  The puri f ied enzyme was dissolved 
into 2 buffer  solut ions (acetate  buffer  0.1 M, p H  5.5 and 

Amino acid composition of mouse intestinal lysozyme (15 h) amino 
acid residues per molecule 

Amino acid M1L ~ HEL Human milk is 

Aspartic acid 21 21 18 
Threonine 7 7 5 
Serine 8 10 6 
Glutanlic acid 13 5 9 
Proline 5 2 2 
Glycine 11 12 11 
Alanine 13 12 14 
Valine 6 6 9 
Cystine (half) 8 8 8 
Methionine 2 2 2 
Isoleucine 7 6 5 
Leucine 8 8 8 
Tyrosine 5 3 6 
Phenylalanine 3 3 2 
Tryptophan 9 b 6 5 
Lysine 13 6 5 
Histidine 2 1 1 
Arginine 13 11 14 

�9 Assuming 2 histidine residues per nmlecule. 
Deternfined spectrophotometrically is. 

ba rb i t a l  buffer  0.1 M, p H  8.6) and sub jec ted  to  cellulose 
ace ta te  e lect rophoresis  a t  b o t h  p H  values.  At  each pH,  
the  enzyme moved  as a single band,  b u t  the  progression 
of M I L  was s l ight ly  faster  t h a n  t h a t  of H E L .  A t  p H  8.6, 
MIL  was found at  2.0 cm from the  appl ica t ion  po in t  in 
the  ca thodic  direct ion,  af ter  e lectrophoresis  for 20 min 
a t  250 V, whereas  H E L  was found a t  1.8 cm f rom the  
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app l i ca t ion  poin t .  A t  p H  5.5, t he  f igures were 2.2 cm for 
M I L  and  1.9 cm for H E L .  Amino  acid analyses  pe r fo rmed  
on 2 d i f fe ren t  p r e p a r a t i o n s  of MIL,  yie lded a l m o s t  iden-  
t ica l  results .  The  s imi la r i ty  w i th  H E L  is s t r iking,  a l t h o u g h  
M I L  is sti l l  more  basic  t h a n  H E L  (Table),  and  t he  t o t a l  
n u m b e r  of res idues  is higher .  F r o m  the  amino  acid com- 
pos i t ion  a molecu la r  we igh t  of 17,800 is computed ,  s l ight ly  
more  t h a n  accep ted  molecu la r  we igh t  of h e n  egg-whi te  
lysozyme 14,600. B o t h  lysozymes h a d  iden t ica l  m i g r a t i o n  
ra t e s  in  t h i n  layer-gel  c h r o m a t o g r a p h y .  

Discussion. In  n o r m a l  mice the  smal l  in t e s t ine  is a 
r e l a t ive ly  r ich  source of lysozyme (about  375 ~xg pe r  
mouse).  W e  decided to  isolate  mouse  in t e s t ina l  lysozyme 
as a p r e l i m i n a r y  s tep  in t he  s t u d y  of t he  func t ion  of the  
P a n e t h  cell% A m u c h  more  c o n v e n i e n t  model  was  used 
b y  RIBLET and  HERZENBERG 12, who iso la ted  lysozyme 
f rom the  ur ine  of mice bea r ing  a t y p e  A r e t i cu lum sar-  
coma,  in wh ich  t he  ur ine  c o n t a i n e d  up  to 25 mg/ml .  
P r o b a b l y ,  th i s  u r i n a r y  lysozyme,  as well  as t h a t  found  
in some types  of h u m a n  l eukaemia  ~ is p roduced  b y  
monocy tes .  

According  to  I~IBLET and  HERZENBERG 12, t h e  ex- 
t i n c t i o n  coeff icient  of mouse  lysozyme is lower t h a n  t h a t  
of egg whi t e  lysozyme,  due to a lower a m o u n t  of t r y p t o -  
p h a n  res idues  (4 aga ins t  6), a l t h o u g h  more  residues of t he  
less a b s o r b i n g  ty ros ine  (7 aga ins t  3) are presen t .  The  
mouse  i n t e s t i na l  lysozyme wh ich  we isola ted ha s  a h igh  
e x t i n c t i o n  coeff icient  due to t he  presence  of 9 t r y p t o p h a n  
res idues  and  5 ty ros ine  residues.  Mouse m o n o c y t i c  lyso- 
zyme  has  t he  same t o t a l  n u m b e r  of residues (130) and  t he  
same n u m b e r  of basic  residues (18) as H E L ,  b u t  t he re  
are  29 acidic res idues  aga ins t  26 in H E L .  This  monocy t i c  
lysozyme m o v e d  more  s lowly t h a n  H E L  in cellulose 

ace t a t e  e lectrophoresis .  I n  con t ras t ,  M I L  has  a t o t a l  of 
154 residues,  34 acidic a n d  28 basic.  The  surplus  of cha rged  
residues p r o b a b l y  expla ins  w h y  th i s  lysozyme m o v e d  
fas te r  t h a n  H E L  in cellulose ace t a t e  e lectrophoresis .  I t  is 
diff icul t  to  e s t ima te  how m u c h  of the  lysozyme in an  in- 
t e s t i na l  h o m o g e n a t e  o rg ina tes  f rom the  P a n e t h  cell, and  
how m u c h  is der ived  f rom wh i t e  b lood cells in t he  in- 
t e s t i na l  wall. I t  is possible  t h a t  monocy t i c  lysozyme was 
e l imina ted  d u r i n g  the  pur i f i ca t ion  p rocedure  ( this  could 
exp la in  t he  low recove ry  we o b t a i n e d  in the  amber l i t e  
eluate),  or t h a t  sc rap ing  off mucosa  f rom muscle  layers  
e l imina tes  m o s t  of t he  monocy tes .  In  th i s  c o n t e x t  i t  is 
w o r t h  n o t i n g  t h a t  rabb i t s ,  def ic ient  in lysozyme in s e rum 
and  m o s t  o the r  t i ssues  st i l l  con t a in  50% of the  lysozyme 
of n o r m a l  r a b b i t s  in t h e i r  in t e s t ine  ~5. The  sugges t ion  t h a t  
s t r u c t u r a l  differences exis t  b e t w e e n  h u m a n  g ranu locy t i c  
and  m a c r o p h a g e  lysozymes% should  be i nves t i ga t ed  in 
the  l igh t  of our  obse rva t ions ,  as P a n e t h  ceils m a y  be 
cons idered  to func t ion  as f ixed m a c r o p h a g e s  1~ F u r t h e r  
research  is needed  to c lar i fy  these  points ,  pa r t i cu l a r l y  
because  t he  exis tence  of i sozymes in sera  of p a t i e n t s  w i t h  
i n f l a m m a t o r y  bowel  disease could be t he  cause of t he  
d ive rgen t  resu l t s  o b t a i n e d  b y  d i f fe ren t  m e t h o d s  16-1< 
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Summary. B y  c h r o m a t o g r a p h i c  m e t h o d  we h a v e  shown  the  exis tence of a complex  s y s t e m  for galactose  t r ans f e r  f rom 
U D P - g a l a c t o s e  and  for nuc leo t ide  hydro lys i s  in  ur ines  f rom B a l b / c  YC8 a n d  n o r m a l  Ba lb / c  mice. B y  ac t ion  of sera 
f rom n o r m a l  a n d  asci t ic  mice as source of enzyme,  we h a v e  been  able  to  de t ec t  t r a n s f e r  for galac tose  in ur ines  f rom 
ascit ic mice and  a n  i m p o r t a n t  i n h i b i t o r y  effect  of t he  nucleot ide  sugar  hydro lys i s  b y  t he  sera w i t h  ur ines  f rom n o r m a l  
mice. 

I n  p rev ious  s tudies ,  we h a v e  d e m o n s t r a t e d  t he  pre-  
sence of soluble  g lycopro te in -ga lac tosy l  t r ans fe ra se  ac t iv -  
i ty  in  sera  and  in asci t ic  f luids f rom B a l b / c  mice bea r i ng  
a l y m p h o m a  t r a n s m i t t e d  in ascit ic form b y  i.p. in jec t ions  
of YC8 cells1. These  resul t s  conf i rm those  of BODOLSKY 
and  WEISER2 who de t ec t ed  ga lac tosy l - t r ans fe rase  ac t iv i -  
t ies  in  h u m a n  sera  and  a cancer  associa ted  i soenzyme in 
cance r  sera. I n  our  exper imen t s ,  we h a v e  de tec ted ,  in as- 
soc ia t ion  w i t h  ga lac tosy l - t r ans fe rase  ac t iv i ty ,  a n  impor -  
t a n t  ra t io  of endogeneous  t r ans f e r  in  sera  a n d  asci t ic  
f luids f rom YC8 mice. 

I n  t h e  p r e s e n t  s tudy ,  we h a v e  i n v e s t i g a t e d  a glyco- 
p ro t e in -ga l ac to sy l - t r ans fe r a se  a c t i v i t y  in ur ines  f rom 
h e a l t h y  and  asci t ic  mice oil endogeneous  a n d  exogeneous  
acceptors ,  a n d  we h a v e  d e m o n s t r a t e d  a galac tose  t r a n s f e r  
in  ur ines  f rom asci t ic  mice b y  use of enzymes  f rom sera. 
Hydro lys i s  of U D P - g a l a c t o s e  has  also been  s tudied .  

Materials and methods. U D P  [(14C)]-galactose (specific 
a c t i v i t y  274 m C i / m M )  was p u r c h a s e d  f rom New E n g l a n d  
Nuclear  Corpora t ion .  R a d i o a c t i v i t y  was coun t ed  in  a 
to luene  P P O - P O P O P  as sc in t i l l an t  l iquid.  Glycopro te in  
acceptor  in  these  s tudies  was  ovomuco id  p r epa red  as in- 
d ica ted  b y  JAKUBCZAK a n d  MONTREOIL< S t ra in  of YC8 
asci te  cells was  car r ied  in adu l t s  Ba lb / c  mice b y  i.p. in- 
j ec t ions  of 2 X 105 cells. Cells suspens ions  were h a r v e s t e d  
weekly. Sera  f rom asci t ic  mice and  f rom normal  B a l b / c  
mice were collected.  

Ur ines  f rom ascit ic a n d  n o r m a l  B a l b / c  mice were col- 
lected for 12 h daily.  E x p e r i m e n t s  were carr ied w i t h  80 
ascit ic mice a n d  20 n o r m a l  mice. P r o t e i n  and  sugars  were 
d e t e r m i n e d  in t o t a l  ur ines  accord ing  to PIRONNEAU et  al. 4. 

The  assay  m i x t u r e  for ga lac tosy l - t r ans fe rase  a c t i v i t y  
included,  10 #1 ur ine  (60/~g prote in) ,  10 IA 1 M Tris p H  
7.2, 5/~1 0.4 M MnC12, 100 #g  ovomuco id  for exogeneous  


