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Table II. Serum and urinary lysozyme activity ill chronic renal 
failure 

Patient Urea Cr. clearance Serum Urinary 
No. (mg/100 ml) ml/min lysozyme lysozyme 

([xg/ml) (txglml) 

1 42 60 25.0 0.8 
2 63 25.0 50.0 1.5 
3 108 10.0 65.0 20.0 
4 208 6.0 45.0 5.6 
5 171 4.9 44.0 25.0 
6 250 3.2 37.5 5.45 
7 232 3.0 62.5 30.0 
8 261 2.6 45.0 40.0 
9 320 2.5 83.0 21.5 

10 258 1.4 72.0 100.0 

The number of neutropbilie granuloeytes were in the normal range 
in every case. Note the high levels of serum lysozyme in patients 
with low levels of creatinin clearance. Patients with high urinary 
lysozyme had other signs of functional tubular impairment. 

buffer,  resul t ing in a final concen t ra t ion  of 13.5 mg/100 
ml af ter  t he  addi t ion  of 0.2 ml  of the  enzyme solution.  
Figure 3 represen ts  t he  range of the  var iab i l i ty  of typ ica l  
s t anda rd  curves  ob ta ined  when  a bacter ia l  suspension 
of 15 rag/100 ml was used. However ,  i t  is r e c o m m e n d e d  
t h a t  a s t a n d a r d  curve be es tab l i shed  for every  day  on 
which tes t s  or expe r imen t s  are to  be per formed.  We found 
t h a t  the  add i t ion  of NaC1 did no t  improve  ei ther  the  l inear- 
i ty  or the  reproduc t ib i l i ty  of t he  react ion.  Therefore,  we 
did no t  include the  add i t ion  of sa l t  to  the  assay sys tem,  as 
P a r r y  and  o thers  did li. 

Procedure. A s t anda rd  curve is es tabl ished as descr ibed 
above,  using 5 d i f ferent  concen t ra t ions  of enzyme and  
a bacter ia l  suspension of 15 mg/100 mh E a c h  assay was 

recorded for 5 min.  (This per iod of t ime  was chosen 
because af ter  5 min the  Curve changes  and  t ends  to  ap-  
p roach  a plateau.)  The t e s t s  are now pe r fo rmed  in a 
similar manner ,  w i th  0.2 ml  of se rum being added  to t he  
bacter ia l  suspension ins tead  of (t.2 ml  of the  s t a n d a r d  
enzyme.  The level f rom the  basel ine a t  5 rain is measured  
and  compared  to  t he  s t a n d a r d  curve.  E a c h  t e s t  is per-  
fo rmed twice and  the  dev ia t ion  ob ta ined  a t  5 min  is 
usual ly identical .  

We  t e s t ed  the  se rum lysozyme ac t iv i ty  of 85 h ea l t hy  
hospi ta l  personnel  aged be tween  20 and  60. The mean  
lysozyme value found was 6.80 ~g/ml ~= 1.85. These 
resul ts  are in ag reemen t  wi th  values  r epo r t ed  in t he  li ter- 
a ture  for normal  se rum lysozyme act iv i ty ,  using egg 
whi te  lysozyme as s t an d a rd  and  tu rb idomet r i c  m e t h o d  8. 

We  have  cur ren t ly  been  tes t ing  the  se rum and  ur inary  
lysozyme ac t iv i ty  of pa t i en t s  suffering f rom di f ferent  
t ypes  of leukemia  and renal  diseases. The resul ts  ob ta ined  
wi th  the  m e t h o d  p resen t ly  descr ibed are wi th in  the  range  
of those  r epor ted  in t he  l i te ra ture  for the  above -men t ioned  
clinical condi t ions  (Tables I and  II).  

W h e n  the  se rum lysozyme ac t iv i ty  was h igher  t h a n  
15 p.g/ml, t he  recorded curve was no t  l inear ill the  f i rs t  
5 min;  the  samples  Were therefore  di luted in these  cases 
w i th  p h o s p h a t e  buf fe r  unt i l  a s t r a igh t  line was  recorded 
wi th in  the  f i rs t  5 mill, and  the  di lut ion was t a k e n  into 
account .  In  th is  manner ,  a simple, rapid  and  reproducible  
t e s t  is pe r fo rmed  using small  amo u n t s  of serum, which  has  
also the  advan t age  of recorded resul ts  t h a t  can be added  
to  t he  protocol  or to  the  case repor t .  
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An Improved Method for Flow Dialysis Studies with Highly Increased Diffusion Rates 1 
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Summary.  An improved  flow dialysis procedure  wi th  h ighly  increased diffusion ra tes  has  been  developed allowing the  
s t u d y  of smal l  changes  in the  ra te  of diffusion. The appl ica t ion  of the  m e t h o d  descr ibed wi th  only  a few indiv idua l  
exper iments ,  and wi th  t he  use of smal l  amoun t s  of biological mater ia l ,  gives m u c h  in fo rmat ion  abou t  b inding  sys tems.  

I t  is known  t h a t  for several  reasons 2 flow dialysis 
could be an excel lent  approach  for l igand po lymer  b ind-  
ing. Some inves t iga t ions  made  wi th  th is  t echn ique  have  
conf i rmed th is  thesis,  a l though  the  sens i t iv i ty  of the  
me thods  used 8-1~ was d i sappoin t ing ly  low. The same 
exper ience was  conf i rmed dur ing  the  deve lopmen t  of our 
flow dialysis cell. I t  appears  t h a t  the  d rawbacks  of t he  
m e t h o d  are caused by  an uncont ro l led  tu rbu lence  inside 
the  c o m p a r t m e n t  con ta in ing  the  diffusant .  B y  in t ro-  
ducing a l aminar  flow in b o t h  c o m p a r t m e n t s  of t he  
dialysis cell, t he  ra te  of diffusion increased 200 t imes  and  
more  compared  wi th  earlier publ i shed  resuIts s. 

The h igh  reproducibi l i ty ,  f lexibi l i ty and  sens i t iv i ty  of 
th is  m e t h o d  allows one to  s t u d y  smalI changes  in the  ra te  
of d i f fus ion due to  p a r a m e t e r s  such as t empera tu re ,  pH,  
ionic s t rength ,  viscosity,  b inding  pro te ins  and  the i r  
var ious  conformat ions .  This  allows a rap id  screening of 
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u n k n o w n  receptors  and  o the r  b i n d i n g  s t ruc tures ,  t he  
e v a l u a t i o n  of b ind ing  pa rame te r s ,  c h a r a c t e r i z a t i o n  of 
diffusion processes,  a nd  if a su i t ab le  m e m b r a n e  is avai l -  
able,  t he  self associa t ion  of a n y  molecules  can  be  s tudied .  

Malericd and methods. T he  m e t h o d  is based  on mea-  
sur ing  t he  r a t e  of d i f fus ion of a l igand across a m e m b r a n e .  
This  r a t e  of diffusion is d i rec t ly  p r o p o r t i o n a l  to  t he  

l -M 
Fig. 1. Diagram of the flow dialysis system used. FC, flow compart- 
ment; RC, reieasing compartment; M, membrane; LR, ligand reser- 
voir; 3~1, monitor 1; M2, monitor 2; D, drive; Pl, pump bead 1; 
P2, pump head 2; BR, buffer reservoir. 
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Fig. 2. The volume dependence of kD for phenylbutazone at an 
initial concentration of 10 -2 M in 1/15 M phosphate buffer pH 7.4 
at 22 ~ continuously monitored by speetrophotometry at 262 nm in 
the flow compartment (flow rate 11.3 ml/min). Membrane used: 
Speetrapor T.~. 2. 
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Fig. 3. Scatchard plot of the interaction between biotin-C14 and its 
binding protein from human serum plasma in 0.01 M phosphate 
buffer pH 7.4 at 22~ membrane Spectrapor T.M. 2. Initial ligaud 
concentration 110 ~xM, constant protein concentration 22 ~xM, flow 
rate 7.7 ml/min (FC). 

c o n c e n t r a t i o n  of t he  free (i.e., u n b o u n d )  l igand in t he  
re leas ing c o m p a r t m e n t  of t h e  flow dialysis  cell. F igure  1 
shows a d i a g r a m  of t he  a p p a r a t u s  deve loped  and  used in 
th i s  s tudy .  Fo r  c o n t i n u o u s  flow we used d i f fe ren t  models  
of cells a d a p t e d  f rom the  D i a n o r m  | equ i l ib r ium dialysis  
cell 14. F ina l l y  a c h a n n e l  sys t em was i n t r o d u c e d  enforc ing 
the  l a m i n a r  flow. The  capac i t y  of each  ha l f  cell is 0.6 ml,  
inc lud ing  t he  dead  vo lume  of t he  cell. The  m e m b r a n e  has  
an  ac t ive  area  of 11 cm 2 co r respond ing  to  a n  a rea -vo lume  
ra t io  of a b o u t  18 cm~/ml. The  cell u n i t  is composed  of the  
c o m p a r t m e n t s  RC a n d  FC (see F igure  1) wh ich  are 
t empe ra tu r e - con t ro l l ed .  The  l igand reservoi r  LR,  p u m p  
P l  a n d  c o m p a r t m e n t  RC form a closed System whereas  
f resh buffer  is p u m p e d  f rom the  buf fe r  reservoi r  B R  
t h r o u g h  t he  flow c o m p a r t m e n t  FC. The  dr ive  u n i t  used 
allows flow ra te s  be tween  0.5 a n d  16 m l / m i n  w i t h  a n  ac- 
cu racy  b e t t e r  t h a n  1%. The  dead  space of t he  comple te  
re leas ing s y s t e m  (Pl ,  RC, LR),  inc lud ing  t he  c o n n e c t i n g  
te f lon  tubes ,  is 0.5 ml. The  m i n i m u m  t o t a l  vo lume  is no t  
more  t h a n  1.2 ml, w i t h  no uppe r  l imit .  

The  dialysis  m a y  be  m o n i t o r e d  in the  re leas ing com- 
p a r t m e n t  (mon i to r  1) as well as in t he  flow c o m p a r t m e n t  
(moni to r  2), b o t h  inc lud ing  c o n t i n u o u s  or d i scon t inuous  
techniques .  

A f i rs t  order  process  is appl ied  to  d e t e r m i n e  t h e  ap-  
p a r e n t  diffusion c o n s t a n t  kD 

c t = Cot -kDt' (1) 

where  ct is t he  c o n c e n t r a t i o n  of t h e q i g a n d  in t he  com- 
p a r t m e n t  RC a t  t ime  t and  co t h e  in i t ia l  concen t r a t i on .  
The  f i rs t  de r iva t i ve  of the  re leas ing cu rve  is t he  p r o d u c t  
of t he  diffusion c o n s t a n t  hD and  t he  free c o n c e n t r a t i o n  c~: 

dc 
- - - ~  = kDcy (2) 

Resul ts  and  discussion.  The  m e a s u r e d  hD is a n  a p p a r e n t  
c o n s t a n t  d e p e n d i n g  on  t he  in i t ia l  vo lume  Vo of t he  
l igand solut ion,  t he  flow rates ,  and  t he  m e m b r a n e  used. 
F igure  2 shows a l inear  cor re la t ion  b e t w e e n  t he  diffusion 
c o n s t a n t  and  t he  rec iprocal  vo lume  Vo. This  reflects  t he  
t u r n o v e r  of t he  l igand solut ion.  Correspondingly ,  t h e  
ho va lues  increase  w i t h  decreas ing  volumes .  The  in- 
crease of ho w i t h  increas ing  f low ra te s  ref lects  t he  men-  
t i oned  t u r n o v e r  of t he  l igand solut ion.  A b o v e  a cr i t ica l  
f low r a t e  in t h e  re leas ing c o m p a r t m e n t  of a b o u t  0.5 ml /  
rain,  a s l ight  decrease  in k• is obse rved  due to t he  h igh  
f lux poss ib ly  caus ing  m i c r o t u r b u l e n c e  a t  t h e  m e m b r a n e .  

As an  example ,  t he  b ind ing  of b io t in  to  a r ecen t ly  
i so la ted  15 h u m a n  se rum p ro t e in  was s tudied.  The  phos-  
p h a t e  buffer  f rom the  flow c o m p a r t m e n t  was col lected 
in f rac t ions  a t  2 m i n  in t e rva l s  for 200 rain.  The  b io t in  
re leased was d e t e r m i n e d  in a l iquots  of 1 ml  b y  l iquid 
sc in t i l l a t ion  count ing .  The  di f fus ion c o n s t a n t  of b io t in  
was d e t e r m i n e d  u n d e r  iden t ica l  cond i t ions  in  t he  ab-  
sence of t he  b ind ing  pro te in .  One single set  of b ind ing  
si tes was  found  w i t h  a v e r y  h igh  a f f in i ty  c o n s t a n t  of a t  
leas t  107 M -1 (see F igure  3). I n  t he  excess of l igand,  t he  
a m o u n t  b o u n d  is equa l  to  t h e  t o t a l  n u m b e r  of b ind ing  
si tes due to  t he  h igh  a f f in i ty  c o n s t a n t  a n d  t he  single t y p e  
of b i n d i n g  sites. This  al lows one to  ca lcu la te  the  free 
l igand c o n c e n t r a t i o n  b y  s u b t r a c t i n g  t he  b o u n d  f rom the  
t o t a l  concen t r a t i on .  The  decrease  of t he  free l igand con-  
c e n t r a t i o n  is a f i rs t  o rder  process,  wh ich  is d e m o n s t r a t e d  
in F igure  4, a n d  cor responds  to t h e  i n d e p e n d e n t l y  mea-  
su red  di f fus ion c o n s t a n t  of b io t in  in t he  absence  of t he  

1* We thank Diachema Ltd., CH-8803 Rt~sehlikon/Zfirich for having 
adapted their Dianorm | Equilibrium Dialysis cells to our needs. 
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b ind ing  pro te in .  This  a g r e e m e n t  conf i rms  t h e  rea I i ty  of 
t h e  b ind ing  da ta .  

B i n d i n g  s tud ies  are pe r fo rmed  to  o b t a i n  q u a n t i t a t i v e  
and  q u a l i t a t i v e  i n f o r m a t i o n  a b o u t  t h e  m e c h a n i s m s  of 
l igand b iopo lymer  in te rac t ions .  W i t h  our  flow dialysis  
me thod ,  t h e  u t m o s t  i n f o r m a t i o n  is ga ined  w i t h  on ly  a 
few ind iv idua l  exper iments .  Us ing  t he  S c a t c h a r d  p lo t  to  
eva lua t e  b ind ing  pa rame te r s ,  t he  whole  s a t u r a t i o n  range  
has  to  be  covered  as shown  ea r l i e r~ t  One single flow 
dialysis  e x p e r i m e n t  leads to  t he  comple te  S c a t c h a r d  p lo t  
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Fig. 4. Release of biotin in the presence of the binding protein. 
O, total concentration; A, lree concentration. 

over  the  covered  s a t u r a t i o n  range  (1% of t he  in i t ia l  con-  
c e n t r a t i o n  can  be  r eached  wi th in  200 m i n  depend ing  on  
t h e  e x p e r i m e n t a l  condi t ions) .  I n  c o n t r a s t  to  this ,  all con-  
v e n t i o n a l  m e t h o d s  requ i re  a se t  of i n d i v i d u a l  b i n d i n g  
exper imen t s ,  each  r ep re sen t ing  one i so la ted  p o i n t  of t h e  
S c a t c h a r d  p lo t  wh ich  ha s  to  be  e v a l u a t e d  b y  a f i t t i ng  
procedure .  F u r t h e r  a d v a n t a g e s  of our  m e t h o d  resu l t  
f rom tile fac t  t h a t  on ly  one e x p e r i m e n t  has  to  be  per-  
formed.  The  smal l  vo lume  requ i red  for th i s  e x p e r i m e n t  
al lows one to  pe r fo rm  b ind ing  s tud ies  even  w i t h  a v e r y  
smal l  a m o u n t  of t he  b iopotymer ,  wh ich  is o f ten  on ly  
ava i l ab le  in  l imi ted  quan t i t i e s .  I n  o rder  to  avo id  a pos-  
sible d e n a t u r a t i o n  or d e g r a d a t i o n  of molecules  used, a 
smal l  series of v e r y  s h o r t  e x p e r i m e n t s  a t  d i f fe ren t  in i t ia l  
l igand c o n c e n t r a t i o n s  is required.  The  a d d i t i o n  of t he  
r e su l t ing  i nd iv idua l  S c a t e h a r d  plots  shou ld  give a con-  
t i nuous  plot ,  p rov ing  t he  s t ab i l i t y  of t he  sys t em s tud ied  
u n d e r  t he  e x p e r i m e n t a l  condi t ions .  Con t inuous  moni -  
to r ing  of t he  re leased l igand in t he  flow c o m p a r t m e n t  
al lows de tec t ion  of sens i t ive ly  smal l  d i s t u rbances  d u r i n g  
t he  expe r imen t ,  such  as m e m b r a n e  po la r iza t ion ,  de- 
n a t u r a t i o n  a n d  d e g r a d a t i o n  of t he  b ind ing  s y s t e m  and  
changes  of t he  flow rates .  Mon i to r ing  t he  re leas ing com- 
p a r t m e n t  is less sens i t ive  in th i s  respect .  

T h e  accu racy  of t h e  b i n d i n g  p a r a m e t e r s  e v a l u a t e d  
depends  on t he  accu racy  of t he  di f fus ion c o n s t a n t  used. 
Consequen t l y  t he  p rope r t i e s  of t he  m e m b r a n e  used  h a v e  
to be  held  w i t h i n  n a r r o w  l imits .  I f  a good m e m b r a n e  
qua l i t y  is used and  t he  p r e p a r a t i o n  s t anda rd i zed ,  repro-  
duceab le  resul t s  can  be ob ta ined .  
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Summary. A new t e c h n i q u e  for p r e p a r i n g  p r i m a r y  t i ssue  cu l tu res  b y  m e c h a n i c a l  cell d i spers ion  was idealized.  T h e  
t i m e  r equ i r ed  to  p r ep a r e  a cu l tu re  b y  t h i s  p rocedure  was g r ea t l y  r educed  a n d  t h e  cu t tu res  o b t a i n e d  are morpholog ica l ly  
and  phys io logica l ly  of be t ter ,  q u a l i t y  t h a n  t h a t  o b t a i n e d  b y  t he  classical m e t h o d s  of e n z y m a t i c  cell d ispers ion.  

A new t e c h n i q u e  for m e c h a n i c a l  cell d i spers ion  was  
deve loped  Which was of special  va lue  for p r i m a r y  t i ssue  
cul tures ,  in  c o n t r a d i s t i n c t i o n  to  t he  classical  m e t h o d s  of 
e n z y m a t i c  cell d ispers ion.  

P ro teo ly t i e  and  che la t ing  agents ,  a m o n g  wh ich  t r y p s i n  
a n d  Versene,  respect ive ly ,  are t he  m o s t  c o m m o n l y  used, 
seem to p r e sen t  c e r t a i n  i ncompa t ib i l i t i e s  w i t h  per fec t  
success of cell cul tures .  T he  ac t ion  of these  agen ts  is based  
on t he  r e m o v a l  of Ca ++ and  Mg ++ ions, the  e l emen t s  
m a i n l y  respons ib le  for  t he  i n t e g r i t y  of t h e  cell m a t r i x  ~. 

The  consecu t ive  pos te r io r  con t ac t s  b e t w e e n  the  cell 
layer  in  g r o w t h  and  these  e n z y m a t i c  agen t s  seem to  
p roduce  b iochemica l  i n t r a -  and  in te rce l lu la r  d i s tu rbances ,  
s ince i t  becomes  more  a n d  more  diff icul t  to  o b t a i n  cell 
l ines in v i t ro  f rom p r i m a r y  cul tures .  

Concerned  w i t h  t he  p r even t i on ,  or a t  l eas t  a r educ t i on  
of a close c o n t a c t  b e t w e e n  t h e  t i ssue  a n d  such  agents ,  a 
m e t h o d  has  been  deve loped  b y  us for a m e c h a n i c a l  cell 
d ispers ion  su i t ab le  to  supp ly  v iab le  ceils, p roduc ing  
cu l tures  of a m u c h  b e t t e r  q u a l i t y  as welI as a r e d u c t i o n  of 
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