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However ,  t h e  m o s t  e v i d e n t  morpholog ica l  differences 
be tween  the  2 types  of rose t t es  were seen in the  in- 
t e r a c t i o n  b e t w e e n  l y m p h o c y t e s  and  e ry th rocy te s .  I n  
E roset tes ,  th i s  cons i s ted  on ly  of l imi ted  areas of 
m e m b r a n e  a t t a c h m e n t  be t w een  l y m p h o c y t e s  a n d  sheep 
red  cells (Figure 1). I n  E A  roset tes ,  on  t he  con t r a ry ,  
sens i t i zed  ox  red ceils a p p e a r e d  g a t h e r e d  a r o u n d  one 
pole  of t h e  l ymp hocy t e ,  and  n u m e r o u s  cy top la smic  
p seudopods  p r o t r u d e d  f rom t he  red cells and  came in to  
c o n t a c t  w i t h  t h a t  p a r t  of t he  l y m p h o c y t e  (Figure  2}. Ox 
red cells wh ich  were no t  p a r t  of a rose t t e  d id  no t  show 
pseudopods  and  n o n - r o s e t t i n g  l y m p h o c y t e s  h a d  no t  t he  
shape  of uropods .  

Discussion. Our  o b s e r v a t i o n s  i nd ica t e  t h a t  r e l e v a n t  
morpho log ica l  dif ferences  exis t  be t w een  ro se t t i ng  l ympho-  
cytes  a n d  l y m p h o c y t e s - e r y t h r o c y t e s  i n t e r ac t i on  in E and  
E A  roset tes .  In  E roset tes ,  l y m p h o c y t e s  are grossly r o u n d  
in shape  and  t he  i n t e r ac t i on  be t w een  t h e m  and  sheep  
e r y t h r o c y t e s  consis ts  on ly  of l i m i t e d a r e a s  of m e m b r a n e  
a t t a c h m e n t ,  as a l r e ady  descr ibed  b y  o thers  7. In  E A  
roset tes ,  l y m p h o c y t e s  are m o s t l y  in  t he  shape  of u ropods  5 
and  a n  ev iden t  i n t e r a c t i o n  occurs  be t w een  one of t h e i r  
poles and  sensi t ized ox red cells. W e  do no t  ye t  know the  
s ignif icance of these  morpho log ica l  dif ferences  be tween  
E and  E A  roset tes .  The  morpho log ica l  p h e n o m e n o n  of 
l y m p h o c y t e - e r y t h r o c y t e  i n t e r ac t i on  obse rved  in E A  
rose t t es  is ve ry  s imi la r  to  t h a t  descr ibed  in t he  course of 
a n t i b o d y - m e d i a t e d  c y t o t o x i c i t y  2. I t  is t e m p t i n g  to  
specula te  t h a t  t he  same  p o p u l a t i o n  of l y m p h o c y t e s  is 
respons ib le  for the  same p h e n o m e n o n  in t he  two exper i -  
m e n t a l  models .  Th i s  p o p u l a t i o n  could be composed  of 
l y m p h o c y t e s  w i th  recep tors  for t h e  Fc f r a g m e n t  of IgG. 
The  d i f fe ren t  m a n i f e s t a t i o n s  of t he  i n t e r ac t i on  be tween  

l y m p h o c y t e s  and  e ry th rocy te s ,  i.e. E A  rose t t es  f o r m a t i o n  
and  a n t i b o d y - m e d i a t e d  cy to tox ic i ty ,  would  d e p e n d  on ly  
on t he  e x p e r i m e n t a l  cond i t ions  in  wh ich  t he  i n t e r ac t i on  
occurs. Our  resul t s  confi rm,  on  morpho log ica l  grounds ,  
t h a t  t he  f o r m a t i o n  of d i f fe ren t  t ypes  of rose t tes  is n o t  
due  in all cases to  the  same t y p e  of l y m p h o c y t e - e r y t h r o -  
cy te  in t e rac t ion .  I n  fact,  i t  seems l ikely t h a t  d i f fe ren t  
morphological types  of i n t e r ac t i on  are  ind ica t ive  of 
d i f fe ren t  t ypes  of l inks  be tween  t he  two  types  of cells. 

Summary.  The  u l t r a s t r u c t u r a l  compar i son  be tween  
E and  E A  rose t tes  showed t h a t ,  in the  former,  t he  
ro se t t i ng  l y m p h o c y t e s  are m o s t l y  r o u n d  in shape  a n d  
the i r  i n t e r a c t i o n  w i t h  sheep e r y t b r o c y t e s  on ly  consis ts  of 
l imi ted  areas  of m e m b r a n e  con tac t ,  in t he  la t te r ,  ro se t t i ng  
l y m p h o c y t e s  are m o s t l y  in the  shape  of u ropods  a n d  
s u r r o u n d i n g  ox red  cells show pseudopods  p r o t r u d i n g  
t owards  t he  l y m p h o c y t e  and  coming  in to  c o n t a c t  w i th  it. 
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The Electrophoretic Mobility of Serum Lysozyme 

Since t he  pub l i ca t i on  of t he  or ig ina l  s tudies  of OSSER- 
MAN and  LAWLOR 1, t h e  un ique  c a t h o d a l  e lec t rophore t i c  
mob i l i t y  of h u m a n  lysozyme has  been  cons idered  as one 
of i ts  m o s t  i m p o r t a n t  charac ter i s t ics .  D i s t i nc t  lysozyme 
f rac t ions  h a v e  been  obse rved  in c o n v e n t i o n a l  e lectro-  
phore t i c  s epa ra t ions  of t he  u r i n a r y  p ro te ins  f rom p a t i e n t s  
w i t h  monocy t i c  leukemia1,  b u t  h a v e  neve r  been  found  in 
sepa ra t ions  of s e rum pro te ins  f rom t he  same pa t i en t s ,  
even  in t h e  presence of cons ide rab ly  increased  levels of t he  
enzyme.  The  p r e sen t  r epo r t  d e m o n s t r a t e s  t h a t  s e rum 
lysozyme has  a d i f fe ren t  mob i l i t y  f rom u r i n a r y  lysozyme,  
pe rhaps  as a consequence  of complex  f o r m a t i o n  wi th  s e rum 
glycoprote ins .  

Material and methods. Serum and  ur ine  were o b t a i n e d  
f rom p a t i e n t s  w i t h  m o n o m y e l o c y t i c  leukemia ,  mono-  
cytosis,  a n d  h y p o g a m m a g l o b u l i n e m i a  ~. Lysozyme  levels 
were d e t e r m i n e d  w i t h  t he  lysopla te  m e t h o d  1 us ing  egg 
whi t e  lysozymea  as s t anda rd .  

H u m a n  lysozyme was isola ted f rom t he  ur ine  of a 
p a t i e n t  w i th  m o n o m y e l o c y t i c  l eukemia  b y  ion -exchange  
c h r o m a t o g r a p h y  in DE-52  ( W h a t m a n n )  us ing  sod ium 
p h o s p h a t e  buffer,  p H  6.5, 0.01 M for t he  e lu t ion  of t h e  
enzyme.  Lysozyme  o b t a i n e d  b y  th i s  p rocedure  appea red  
to be pu re  b y  sod ium dodecyl  s u l p h a t e - p o l y a c r y l a m i d e  
gel e lectrophoresis ,  and  to h a v e  a molecula r  we igh t  of 
15,000 dal tons*,  5. 

The  e lec t rophore t i c  mob i l i t y  of s e rum lysozyme was 
s tud ied  b y  o b t a i n i n g  i m p r i n t s  of the  p ro t e in s  s epa ra t ed  
on  cellulose ace t a t e  m e m b r a n e s  in aga r  p la tes  to  wh ich  a 
suspens ion  of kil led Micrococcus lysodeikticus ~ had  been  
incorpora ted .  For  th i s  purpose ,  un f ixed  cellulose ace t a t e  

m e m b r a n e s  were laid over  t he  surface of t he  agar  pla tes ,  
and  diffusion of p ro te ins  was a l lowed to proceed overn igh t .  
A t  t he  end  of the  i n c u b a t i o n  period,  t he  m e m b r a n e s  were 
r e m o v e d  and  the  agar  p la tes  inspec ted  for lyric areas.  
All e lec t rophore t i c  s tudies  were pe r fo rmed  w i t h  Sa r to r ius  
cellulose ace t a t e  s tr ips,  us ing  t he  ba rb i t a l -bo r i c  acid 
descr ibed  in a p rev ious  p u b l i c a t i o n  5 and  Ponceau  S 3 for 
t o t a l  p ro t e in  s ta in ing ,  accord ing  to NEREMBERG 7. 

Results and discussion. R o u t i n e  cellulose ace t a t e  
e lec t rophores is  of c o n c e n t r a t e d  ur ine  f rom a p a t i e n t  w i th  
suspec ted  mono-mye locy t i c  l eukemia  (Z.V.) showed a 
d i s t i nc t  pos t -gamma f rac t ion  t h a t  ra ised the  suspicion of 
lysozymur ia .  Lysozyme  assays  were cons i s t en t  w i t h  t h i s  
i n t e r p r e t a t i o n :  19 m g / m l  in 65)< c o n c e n t r a t e d  ur ine  
(cor responding  to  a l y sozymur ia  of 318 mg/24  h) a n d  
360 ~zg/ml in serum.  T ry ing  to  be  comple t e ly  ce r t a in  a b o u t  
t he  i d e n t i t y  of t he  u r i n a r y  p o s t - g a m m a  fract ion,  we 
a t t e m p t e d  to o b t a i n  a n  i m p r i n t  of t he  p ro te ins  s epa ra t ed  
f rom se rum and  ur ine  samples  of th i s  p a t i e n t  on  a M.  

1 E. 17, OSSERMAN and D. P. LAWLOR, J. exp. Med. 124, 921 (1966). 
We wish to express our gratitude to Drs. R. VALADAS PRETO, 
GOMES DE OLIVEIRA and MARIA TERESA PIRES for having referred 
their patients to our laboratory. 

3 Purchased from Sigma Chemical Co., St. Louis, USA. 
4 K. WEBER and M. OSBORN, J. biol. Chem. 244, 4406 (1969). 
3 G. VIRELLA and R. M. E. PARKItOUSE, Immunology 23, 857 (1972). 
6 G. VIRELI.A and A. HOWARD, Experientia 26, 901 (1970). 
7 S. T. NEREMBERG, Etectrophoresis. A practical laboratory manual 

(F. A. Davis, Philadelphia 1966). 



1466 Specialia EXPERIENTIA 31/12 

lysodeikticus-containing agar  plate.  As shown by  Figure 1, 
a lyric area spreading f rom the  posi t ion of the  p o s t - g a m m a  
fract ion to t he  appl icat ion po in t  could be observed  in the  
zone cor responding  t o  u r inary  proteins .  In  cont ras t ,  
only  discrete  lysis was ev iden t  in the  area cor responding  
to  se rum proteins ,  showing a localization and shape similar 
to  those  of the  ~-globulin fraction.  At  t he  t ime  of th is  
observat ion ,  i t  was t h o u g h t  to  correspond to  a non- 
specific lyt ic  effect  of se rum ?-globulin. 

Later ,  s imilar  inves t iga t ions  were conduc ted  in a 
pa t i en t  w i th  monocytos i s  and non-conf i rmed  diagnosis 
of mye lomonocy t i c  leukemia (J.M.). No p o s t - g a m m a  
fract ion was ev iden t  in the  urine, and lysozyme assays 
were of 12.5 tzg/ml in 1 0 0 •  urine (cor- 
responding  to  a lysozymuria  of 156 ~zg/24 h) and  of 150 
~g/ml in serum. These values were con t rad ic to ry  - the  
se rum level compat ib le  w i th  the  diagnosis of mye lomono-  
cyt ic  leukemia,  b u t  the  u r inary  level well wi th in  normal  
l imits  1, s, 9. This  led to the  inves t iga t ion  of the  exis tence 
of free lysozyme in serum, as a w a y  to  conf i rm the  resul ts  
of quan t i t a t i ve  de te rmina t ions .  The impr in t  s tudies  
reproduced  in Figure 2 evidenced,  once again, the  coin- 
cidence of lyric ac t iv i ty  wi th  the  v-globulin fraction.  

This second observa t ion  suggested the  poss ibi l i ty  t h a t  
se rum lysozyme could c i rcula te  in t he  fo rm of enzyme-  V 
globulin complexes.  To explore th is  possibil i ty,  incubat ion  
s tudies  were under taken ,  using egg whi te  or h u m a n  
lysozyme.  The  enzymes  were incuba ted  w i t h  normal  
h u m a n  serum for a 3 h per iod a t  37 ~ followed b y  electro- 
phore t ic  separa t ion  of the  m i x t u r e  and s t u d y  of lysozyme 
by  the  im pr in t  technique .  W h e n  h igh  lysozyme concen-  

t r a t ions  were used (around 1,000 ~g/ml) widespread  
lyric areas, s imilar  to those  observed wi th  the  urine of 
pa t i en t  Z.V. (Figure 1), were obta ined .  This  led to  t he  
lowering of enzyme concen t ra t ions  to  250 ~g/ml - a 
value wi th in  t he  uppe r  range of the  levels assayed in 
monocy t ic  and  monomye locy t i c  leukemias.  I t  was then  
found t h a t  increasing di lut ion of lysozyme resul ted in 
progressive reduc t ion  of the  enzyme ' s  e lect rophoret ic  
mobil i ty .  At  concen t ra t ions  below 500 ~tg/ml free egg 
whi te  lysozyme had  a mobi l i ty  similar  to  t h a t  of serum 
v-globulins. The decrease in mobi l i ty  was still more 
ev iden t  w i t h  h u m a n  lysozyme,  ha rd ly  moving  f rom the  
appl ica t ion  at  a 250 ~xg/ml concen t ra t ion  (Figure 3). I t  
m u s t  be no ted  t h a t  h u m a n  lysozyme concen t ra t ions  are 
unde re s t ima ted  when  egg whi te  lysozyme is used as 
s tandard ,  as in the  p resen t  s tudy.  

Incuba t ion  of h u m a n  lysozyme a t  an a p p a r e n t  con- 
cen t ra t ion  of 250 txg/ml w i th  normal  h u m a n  serum resul ted  
in an increase of t he  e lec t rophore t ic  mobi l i ty  of t he  en- 
zyme,  t h a t  became close to  t h a t  of serum v-globulin. 
However ,  as shown in Figure  3, t he  lyric area ob ta ined  
wi th  t he  mix tu re  of no rma l  se rum and  h u m a n  lysozyme 
spread  fu r ther  t owards  t he  ca thode  t h a n  the  v-globulin 
fract ion,  s ta ined  in the  reference strip.  Several  hypo theses  

s p. E. PERILLIE and S. C. FINCS, in Lysozyme (Eds. E. F. OSSER- 
MAW, R. E. CANFIELD and S. BEVCHOK, Academic Press, New 
York, London 1974), p. 359. 
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Fig. 1. Electrophoretic mobility of serum and urinary lysozyme from 
patient Z.V. The upper part reproduces the electrophoretie separation 
of serum and urine samples, stained for total protein. Application 
points are indicated by the short vertical lines and the arrow points 
to the post-gamma fraction detected in the urine. The lower part 
reproduces the imprint obtained from an unfixed cellulose acetate 
strip, where the same samples had been simultaneously separated, 
by laying it over the surface of an agar-M, lysodeikticus plate. The 
agar plate was photographed with indirect light over a dark back- 
ground so that lyric areas appear as dark spots. Triangular notches 
indicate the position of the application points on the unfixed cel- 
lulose acetate membrane after it was laid over the agar plate, 

Fig. 2. Electrophoretic mobility of serum lysozyme in patient J.IV[. 
The upper part reproduces the reference cellulose acetate strips 
where the proteins separated from serum and urine samples were 
stained with Ponceau S. The lower part reproduces the imprint of a 
simultaneously electrophoresed strip, to which the same samples had 
been applied, over an agar-M, lysodeikticus plate. Dark spots cor- 
respond to lyric areas. Position of the application points is indicated 
by short vertical lines in the stained cellulose acetate strip and by 
triangular notches in the agar plate. 
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c o u l d  a c c o u n t  fo r  t h i s  d i s c r e p a n c y ,  b u t  t h e  p o s s i b i l i t y  
t h a t  we  w e r e  d e a l i n g  o n l y  w i t h  a c h a n g e  in  t h e  e l ec t ro -  
p h o r e t i c  m o b i l i t y  of  f ree  l y s o z y m e  r e s u l t i n g  f r o m  d i l u t i o n  
in  a p r o t e i n - r i c h  m e d i u m  c o u l d  n o t  be  r u l e d  ou t .  

A s  a w a y  t o  d e t e r m i n e  w h e t h e r  y - g l o b u l i n s  we re  o r  
w e r e  n o t  i n v o l v e d  in  c o m p l e x  f o r m a t i o n  w i t h  l y s o z y m e ,  
i n c u b a t i o n  s t u d i e s  we re  c o n d u c t e d  u s i n g  h u m a n  a n d  e g g  
w h i t e  l y s o z y m e  a n d  t h e  s e r u m  f r o m  all  h y p o g a m m a -  

Fig. 3. Comparison of the eleetrophoretic mobility of free human 
lysozyme (L) and of the same enzyme after incubation with normal 
sermn (NS+L). The reference ee]Iulose acetate strip, stained for total 
protein, is shown above. Lysozyme is not detectable by protein 
stains at the concentrations employed. The imprint of an identical 
strip over an agar-M, lysodeikticus plate is shown below. Dark spots 
correspond to lyric areas. Position of application points is indicated 
by short vertical lines in the stained cellulose acetate strip and by 
triangular notches in the agar plate. 

g l o b u l i n e m i c  p a t i e n t  (A.S. ,  t o t a l  y - g l o b u l i n  l eve l  of  
36 m g / m l ) .  I t  w a s  u n e x p e c t e d l y  f o u n d  t h a t  l y r i c  a c t i v i t y  
b e c a m e  l oca l i z ed  in 2 d i f f e r e n t  a r e a s  ( F i g u r e  4): a m a j o r  
f r a c t i o n  of  l y s o z y m e  s h o w e d  % - m o b i l i t y ,  wh i l e  a m i n o r  
p a r t  of  t h e  e n z y m e  s t a y e d  in  t h e  y - g l o b u l i n  r eg ion .  N o n -  
i n c u b a t e d  s a m p l e s  of  t h i s  h y p o g a m m a g l o b u l i n e m i c  s e r u m  
s h o w e d  v e r y  s l i g h t  ly r ic  a c t i v i t y  in  t h e  ~2 reg ion .  T h e s e  
f i n d i n g s  s u g g e s t  t h a t  l y s o z y m e  f o r m e d  c o m p l e x e s  w i t h  
r e s i d u a l  y - g l o b u l i n s ,  b u t  d u e  t o  t h e  low c o n c e n t r a t i o n  o f  
t h e s e  g l o b u l i n s  m o s t  of  t h e  a d d e d  e n z y m e  w a s  n o t  b o u n d  
a n d  e v e n t u a l l y  f o r m e d  c o m p l e x e s  w i t h  % - g l o b u l i n s .  

S ince  one  of  t h e  c o m m o n  f e a t u r e s  o f  t h e  7- a n d  %-  
g l o b u l i n  f r a c t i o n s  is t h e i r  r i c h n e s s  in  g l y c o p r o t e i n s ,  s u c h  
as  i m m u n o g l o b u l i n s ,  a n d  c o n s i d e r i n g  t h e  s t r o n g  a f f i n i t y  
of  l y s o z y m e  for  t h e  N - a c e t y l - d - g l u c o s a m i n e  r e s i d u e s  1~ 
p r e s e n t  in  t h e  c a r b o h y d r a t e  s i d e - c h a i n  of  i m m u n o g l o -  
b u l i n s  n a n d  in  m o s t  of  t h e  c h a r a c t e r i z e d  % - g l y c o -  
p r o t e i n s  13, t h e  f o r m a t i o n  of c o m p l e x e s  b e t w e e n  l y s o z y m e  
a n d  t h e s e  p r o t e i n s  a p p e a r s  as  t h e  m o s t  l i ke ly  e x p l a n a t i o n  
for  o u r  f i n d i n g s .  A t  t h e  s a m e  t i m e ,  o u r  r e s u l t s  s u g g e s t  
t h a t  c o m p l e x e s  f o r m e d  b e t w e e n  m o n o c l o n a l  I g G  p r o t e i n s  
a n d  l y s o z y m e ,  as  r e p o r t e d  b y  FINKLE e t  al. la, m a y  r e s u l t  
f r o m  t h i s  t y p e  o f  i n t e r a c t i o n  r a t h e r  t h a n  f r o m  a n  a n t i g e n -  
a n t i b o d y  r e a c t i o n .  

Summary. T h e  e l e c t r o p h o r e t i c  m o b i l i t y  of  s e r u m  
l y s o z y m e  in  2 p a t i e n t s  w i t h  r a i s e d  e n z y m e  leve l s  w a s  
i d e n t i c a l  t o  t h a t  o f  y - g l o b u l i n s .  S i m i l a r  m o b i l i t y  w a s  
o b s e r v e d  a f t e r  i n c u b a t i o n  of l y s o z y m e  a n d  n o r m a l  s e r u m .  
I n c u b a t i o n  w i t h  o n e  h y p o g a m m a g l o b u l i n e m i c  s e r u m  
s h o w e d  t h a t  l y s o z y m e  c o u l d  a l so  a c q u i r e  % m o b i l i t y .  
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Fig. 4. Comparison of the electrophoretic mobility of human lyso- 
zylne incubated with normal sermn (NS+L) or with an hypogamma- 
globuhnemic serum (AS+L). The reference cellulose acetate strip 
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