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Table II. Values of ht at varying values of n and CN/a, as the result of computer-calculation 
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C~/a 10 -2 10 -a 10 -6 10 -6 10 -lo 10 -1~ 

n =  1 0.10 x 10 -x 0.10 x 10 -a 0.10 x 10 5 0.10 x 10 -7 0.10 • 10 -9 0.10 x 10 -11 
n =  2 0.15 x 10 ~ 0.14 • 10 ~ 0.14 • 10 -2 0.14 • 10 -a 0.14 x 10 -4 0.14 • 10 -5 
n =  5 0.13 x 101 0.44 x 10 ~ 0.17 • i0 ~ 0.66 • 10 -1 0.26 • 10 -1 0.10 x 10 -1 
n=10 0.41 • 101 0.22 • 10 ~ 0.13 x 10 ~ 0.77 • 10 ~ 0.47 • 100 0.29 x 100 

kt kt kt kt kt kt 

decreas ing values of k. F rom equa t ion  (2) a leakage- 
ha l f t ime  (T) can be calculated by  se t t ing  C~ equal  to  a/2: 

n-1 (hT)P 1 
e - ~ -  Z p! - - 2  (3) 

p = 0  

Because th is  equa t ion  is t r anscenden ta l ,  no exac t  
analy t ica l  solut ion can be given. Graphic  solution, 
however ,  leads to the  resul ts  p resen ted  in Table  I. A less 
t ime-consuming  and  more  general ly  useful solut ion can 
be a t t a ined  by  appl ica t ion  of the  N e w t o n - R a p h s o n  
procedure,  wi th  the  assis tance of an appropr ia te  comp u t e r  
p rog ram (copies of th is  p rog ram are avai lable upon 
request) .  A p p a r e n t l y  t he  following general iza t ion is 
al lowed : 

z ~ { ( n  1) + ln2}/k.  (4) 

I t  is also possible to  calculate a value for the  t ime-lag,  
men t ioned  before. By  subs t i t u t ing  chosen values  of 
CN/a and  n, t he  same Computer  p rog ram provides  t he  
accessory values of kt (Table II).  In  accordance  wi th  
expec ta t ions ,  there  is a decrease of kt a t  decreas ing  
values of C~/a and  cons t an t  n, and  an increase of ht at  
increasing values of n and  cons t an t  CN/a. A remarkab le  
result  is t h a t  for increasing values of n the  difference 
be tween  the  values of ht at  the  ex t r ema  of C~r/a (first and  
last  column) diminishes.  R e p l a c e m e n t  of a monova l en t l y  
by  a b iva len t ty  coupled l igand gives m u c h  more  prof i t  
than ,  for example ,  the  change  f rom n = 5 to n = 10. F r o m  
the  expe r imen ta l  resul ts  of TESSER et  al. ~5 a value can be 
compu ted  for t he  d e t a c h m e n t  ra te  cons tan t .  In  the i r  
expe r imen t s  a t  p H  8 and  room t empera tu re ,  th is  cons t an t  
appears  to  be 0.25 •  -4 min  -~. This  value combined  
wi th  da t a  f rom Table I I  leads to  t he  resul t  t h a t  af ter  
2-3 sec (!) the  concen t ra t ion  of free l igand molecules will 
reach a value of 2 p icomoles /ml  wet  gel, when  originally 

2 amoles /ml  wet  gel were coupled,  monova len t ly .  This  
order  of magn i tude  is in ag reemen t  w i th  l igand-leakage 
ra tes  found  by  the  au thors  men t ioned  before 16-19: At  t he  
same value of h the  2-3 sec, men t ioned  above, will 
change  in 1 h ( n =2 ) ,  5 days  ( n = 5 )  and  5-6 weeks  
(n=10) .  This  t r end  cor responds  wi th  t h e  f indings  of 
WILCHEK 17 

In  m a n y  cases, this  r a the r  min imal  leakage will no t  be 
prohib i t ive  for the  isolat ion of biological macromolecules  
by  aff in i ty  ch roma tography .  However ,  i t  will be disa- 
s t rous  in the  case of isolat ion of m i n u t e  amo u n t s  of 
mater ia l  out  of large volumes,  or in receptor  locali- 
za t ion 16. In  th is  con tex t  we feel t h a t  the  given ma the -  
mat ica l  approach  to  the  p rob lem of l igand-leakage m a y  
be useful in the  i n t e rp re t a t i on  of expe r imen ta l  resul ts  
and in t he  deve lopmen t  of new coupl ing-procedures ,  
which  is the  subjec t  of our cu r ren t  invest igat ions .  

Zusammen/assung. Es wird  ein theore t i sches  Modell  
beschr ieben  ftir die Abspa l tung  po lyva len t  gebundener  
L iganden  yon  einem, wasserunl6sl ichen Tr~ger. Die 
A n n a h m e  einer konseku t iven  Reak t i o n  f i ihrt  zu einer  
Absch/ i tzung der  zu e rwar t enden  Zei tverz6gerung.  

T. C. J. GRIBNAU and  G. I. TESSER 22 
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P R O  E X P E R I M E N T I S  

L a n t h a n u m  Staining  of the Intermediate  Region  of the Cell Wall in Escherichia colt 

The cell wall of g ram-nega t ive  bacter ia  basical ly  
consists  of an outer  double  t r ack  m e m b r a n e  (wall mem-  
brane) and an in t e rmed ia t e  region which  conta ins  t he  
mucopep t ide  (pept idoglycan)  layer  responsible  for wall 
r ig id i ty  1. This  region is diff icult  to see by  o rd inary  
e lectron microscopy  of t h in  sections,  its p rese rva t ion  
being grea t ly  af fec ted  by  the  na tu re  of t he  f ixa t ives  ~. In  
order  to  improve  its p rese rva t ion  and  preferent ia l  s taining,  
we t r ied several  expe r imen t s  wi th  alcian bleu, l a n t h a n u m  
salts  and  s imple f ixa t ives  in Escherichia colt. 

Methods. E. colt s t ra in  B, was used t h r o u g h o u t  th is  
s tudy.  I t  was grown in agar  Biolife med ium a t  37 ~ unti l  

the  late  logar i thmic  phase  of growth.  Various  combina t ions  
of a ldehyde  f ixat ives,  iris, 1-aziridynil  phosph ine  oxide, 
Polysciences (TAPO) and  osmium te t rox ide  were coupled 
wi th  l a n t h a n u m  ni t ra te ,  based on sl ight  modif ica t ions  of 
the  procedures  descr ibed elsewhere 3-5 the  following one 

1 A. IV[. GLAUERT and M. T. THORNLEY, A. Rev. Microbiol. 23, 159 
(1969). 

2 Iv[. T. SILVA and J. C. F. SovsA, J. Bact. 113, 953 (1973). 
30. BEHNKE, J. Ultrastruct. Res. 24, 51 (1968). 
* S. M. S~EA, J. Cell Biol. 51,611 (1971). 
5 W. DJACZENKO and A. CASSONE, J. Cell Biol. 52, 186 (1972). 
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Fig. 1. An overall picture of E. coli, alcian bleu lanthanum en bloc 
stained. Sections counterstained with lead citrate and uranyl 
acetate according to conventional methods. Note the electron-dense 
outline of the intermediate wall region (iw), underlying the clearly 
resolved outer membrane (wm). The simple arrows point to the 
cytoplasmic membrane. Bar magnification = 200 rim. 

Fig. 2. As in Figure 1, but sections not counterstained. Note the 
flocculent material covering the outer membrane. Arrows point to 
low-contrast cytoplasmic membrane. Bar magnification = 200 rim. 

being the  mos t  effective.  The cells were pref ixed  (30 min 
over  slant)  w i th  a mix tu re  of g lu ta ra ldehyde ,  T A P O  and 
alcian bleu (8 GX, Fisher) 0.3 (v/v), 0.05 (w/v) and  0.5 
(w/v), respect ively ,  in cacodyla te  buffer  p H  6.8; 0.1 M. 
After  several  washings  wi th  the  same buffer,  the  pellet  
was pos t f ixed  wi th  o smium te t rox ide  1% in S-collidine 
buffer  (pH 7.5; 0.1 M) conta in ing  1% (w/v) l a n t h a n u m  
ni t ra te ,  for 12 h a t  + 4 ~  and  subsequen t ly  w i th  uranyl  
ace ta te  0.5% (w/v) in Michaelis buffer,  p H  5.4 for 6 h 
a t  room t empera tu re .  The ensuing t r e a t m e n t ,  was as 
descr ibed previous ly  5. 

Resul ts .  The overal l  t r e a t m e n t  of the  ceils for e lec t ron 
microscopy was reliable, giving no a p p a r e n t  ar t i facts .  The 
p rese rva t ion  of t h e  cy top la sm (Figure 1) was as good as 
w i th  cur ren t  t echn iques  of chemical  f ixa t ion  for bac-  
teria6, ~. In  lead-uranyl  s ta ined  sections,  cy top lasmic  
ma t r ix  was r ich in dense granules,  widespread  wi th  clear 
zones where  nuclear  fibrils appeared .  

The cell wall had  the  basic s t ruc ture  of g ram-nega t ive  
wall but ,  a t  var iance  wi th  o rd inary  reports ,  it  showed an 
in tense ly  s ta ined  i n t e rmed ia t e  region, 100 to  120 ~ in 
width ,  including the  inner  t r ack  of the  wall m e m b r a n e  and  
the  outer  leaflet of cy top lasmic  m e m b r a n e  (Figure 1). 'This 
s ta in ing seems a p r i m a r y  consequence  of l a n t h a n u m  en 
bloc t r e a t m e n t ,  since the  i n t e rmed ia t e  region appears  
h ighly  con t ra s t ed  also in uns ta ined  sect ions (Figures 2 
and 3). 

In  numerous  sections,  especial ly in uns ta ined  ones, the  
region is no t  un i formly  e lec t ron-dense  bu t  shows some 
separa t ion  of s ta ined  componen t s .  In  cells undergoing  
plasmolysis ,  it  is clearly separa ted  f rom cy top lasmic  
m e m b r a n e  and  is t h e n  visual ized essent ia l ly  as a dense 
layer, 25 to  35 i t  thick,  which  re ta ins  a close l inkage wi th  
the  inner  t r ack  of t he  outer  m e m b r a n e  (Figure 4). This  
layer  is clearly comparab le  to  the  mucopep t ide  layer  
a l ready  descr ibed 1, and  evidenced also wi th  s imple  
f ixa t ion  w i t h  TAPO,  acrolein and osmium s. 

e A. RYTER and E. KELLENBERGER, Z. Naturforsch. 73b, 597 
(1958). 
W. MARGARETTEN, C. ~r H. S. ROSENKRANZ and H. M. 
RosE, J. Bact. 97,823 (1966). 

s A. CASSONE and E. GARACI, Annali Sclavo, 15, 593 (1973). 

Fig. 3. High magnification picture of an unstained section, as in 
Figure 2. Note that primary stained region includes the inner track 
of the wail membrane. The cytoplasmic membrane (compare with 
Figure 2) is ill defined. Bar magnification = 25 nm. 

Fig. 4. High magnification picture of the periphery of a cell under- 
going plasmolysis. Sections counterstained with lead citrate and 
uranyl acetate. Note overall wall layering, with the mucopeptide 
layer (R) in the intermediate wall region. Bar magnification = 25 nm. 
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Discussion. The in tense  s t a in ing  of the  i n t e r m e d i a t e  
region of g r a m - n e g a t i v e  bac te r i a l  wal l  r epo r t ed  here  can  
r e a s o n a b l y  be a t t r i b u t e d  to  t h e  presence  in t h i s  region of 
the  m u c o p e p t i d e  c o m p o n e n t s  since, as e m p h a s i z e d  
recen t ly  b y  SHEA 4, t h e  a p p r o p r i a t e  a d d i t i o n  of a lc ian  
b l e u - l a n t h a n u m  to chemica l  f ixa t ives  p rov ides  specific, 
or a t  leas t  preferent ia l ,  s t a in ing  of m u c o p r o t e i n s  and  acid 
polysacchar ides .  I t  is possible  t h a t  o the r  polysacchar ides ,  
p r o b a b l y  p r e s e n t  in  t h i s  region 9,10, m a y  c o n t r i b u t e  to  t he  
i n t e n s i t y  of t h e  s t a in ing  a n d  to  t h e  w i d t h  of t he  s t a ined  
region.  I t  is also l ike ly  t h a t  t he  specif ic i ty  of t he  r eac t ion  
is no t  v e r y  s t r i c t  and  m e m b r a n o u s  s t ruc tu re s  in  d o s e  
l inkage  w i t h  t h e  m u c o p e p t i d e  m a y  c o n s e q u e n t l y  be  
s ta ined .  

The  v i sua l i za t ion  of t he  m u c o p e p t i d e  layer  in  g ram-  
nega t i ve  b a c t e r i a  has  o f ten  been  inconspicuous .  Th i s  m a y  
be  due,  as r ecen t ly  s h o w n  b y  SILVA and  SousA 2, to  t h e  

use of u r a n y l  ions. W i t h  t h e  m e t h o d  descr ibed  here,  w h i c h  
also includes  a n o r m a l  pos t f i xa t i on  w i t h  u r a n y l  ace ta te ,  
t he  i n t e r m e d i a t e  region of t he  wal l  and  t he  m u c o p e p t i d e  
layer  i tself  are c o n s t a n t l y  well  preserved .  Therefore  i t  ap-  
pears  t h a t  t he  use of a lc ian  b l e u - l a n t h a n u m  as descr ibed  
in th i s  no te  m a y  h a v e  two  useful  effects : 1. a more  s t ab le  
f i xa t ion  of t he  wall  c o m p o n e n t s  m e n t i o n e d  p r e d o m i n a n t l y  
due  to a tc ian  bleu and  T A P O  5, al; 2. a n  increased  c o n t r a s t  
of these  c o m p o n e n t s  d e p e n d i n g  on  l a n t h a n u m - o s m i u m  
s t a in ing  proper t ies .  

Riassunto. U s a n d o  f i s sa t iv i  c o n t e n e n t i  a lc ian  bleu,  
T A P O  e l a n t a n i o  g r i s u l t a t a  co lora ta  p r e f e r enz i a lmen te  la 
regione i n t e r m e d i a  del la  p a r e t e  cel lulare  in  Escherichia 
coli, con o t t i m a  p rese rvaz ione  dello s t r a t o  mucopep t id ico .  

A. CAssoxx  a n d  E. GARACI 

9 R. G. E. MURRAY, P. STEED and N. E. ELSON, Can. J. Microbiol. 
11, 547 (1965). 

lo S. DE PETRIS, J. Ultrastruct. Res. 19, 45 (1967). 
11 0. BEHNKE and T. ZELA~DER, J. Ultrastruct. Res. 31,424 (1970). 

Institute o/ 2Vlicrobiology, University o/Rome, 
Pi~zzale delle Scienze, 
1-00100 Roma (Italy), and Chieti University, 
1-66100 Chieti (Italy),  
23 January 1974. 

P R A E M I A  

F R I E D R I C H - M I E S C H E R - P R E I S  

Aus Anlass  des 100 j / ihr igen J a h r e s t a g e s  der  E n t d e c k u n g  
der  Nuk le in sgu ren  h a t  die Schweizer ische Gesel l schaf t  fiir 
B iochemie  e inen  Fr iedr ich-Miescher -Pre i s  ftir j unge  
B i o c h e m i k e r  geschaffen.  Der  Preis  wurde  v o m  Fr iedr ich-  
M i e s c h e r - I n s t i t u t  der  Ciba-Geigy A G  in Base l  gest i f te t .  

Auszug  aus  den  S t a t u t e n :  1. Der  Fr iedr ich-Miescher -  
Preis  wird  h 6 c h s t e n s  e inma l  j ghr l ich  e inem j u n g e n  Forseher  
fiir eine oder  mehre re  h e r v o r r a g e n d e  ve r6 f fen t l i ch te  oder  
zur  P u b l i k a t i o n  a n g e n o m m e n e  A r b e i t e n  aus  d e m  Geb ie t  

der  B iochemie  er tei l t .  2. K a n d i d a t e n  di i r fen in d e m  
Jahre ,  in dem sic den  Pre is  e rha l t en ,  das  40. L e b e n s j a h r  
n i c h t  t i be r sch r i t t en  h a b e n .  3. Die P re i s -Arbe i t en  mi issen  
en twede r  in  der  Schweiz oder  yon  Schweizern  im Aus l and  
ausgef t ih r t  worden  sein. 

B e w e r b u n g e n  u n d  Vorschl/ ige a n  den  Sekret~tr der  
Gesel l schaf t  (Dr. C1. Bron ,  I n s t i t u t  de Biochimie ,  rue  du 
BugnoI1 21, CH-1011  Lausanne )  bis  1. J a n u a r  1975. 

C O N G R E S S U S  

Swi tzer land  
lOth E U C H E M  Conference on S t e r e o c h e m i s t r y  

at B~rgenstoch, near Lucerne, 27 April-3 May 7975. 

Inqu i r i es  and  app l i ca t ions  (no special  forms are required)  
should  be addressed  before  J a n u a r y  15, 1975 to  t h e  
C h a i r m a n :  Prof.  J .  D a l e ,  D e p a r t m e n t  of Chemis t ry ,  
U n i v e r s i t y  of Oslo, B l indern ,  Oslo, Norway .  

Italy 
Internat ional  Conference on P r o s t a g l a n d i n s  

in Florence, 26-30 May 1975 

I n f o r m a t i o n  a n d  insc r ip t ion  forms  are  ava i l ab le  b y  t he  
Sec re ta ry :  Dr.  G. C. Folco, I s t i t u t o  die Fa rmaco log i a  e 
F a r m a c o g n o s i a  de l l 'Un ivers i tg ,  V ia  A. del Sar to  21, 
1-20129 Milano,  I ta l ia .  

Canada 
Internat ional  S y m p o s i u m  on F l a m m a b i l i t y  
and Fire Retardants  

in Montreal, 22-23 May 7975 

T e n t a t i v e  t i t l es  and  a b s t r a c t  w i t h  n a m e s  of au t ho r s  h a v e  
to  be sen t  to :  Vi j ay  M o h a n  B h a t n a g a r ,  E d i t o r  Advances  
in F i re : ,Re ta rdan ts ,  209 Dove r  Road,  Cornwal l  K 6 J  1T7, 
Ontar io ,  Canada .  

U S A  
3rd International  S y m p o s i u m  on Detect ion 
and Prevent ion  of Cancer 

in New York City, 26 April to 1 May 1976 

The  S y m p o s i u m  includes  12 Conferences  on  genera l  
topics  and  18 Pane l s  on specific and  o rgan-o r i en ted  
subjects .  

A p p r o x i m a t e l y  22 Sympos i a  will  be  a r r anged  b y  
groupings  of prof fered  papers .  There  will be  14 Shor t  
Courses and  20 P rac t i ca l  Workshops .  

F u r t h e r  i n f o r m a t i o n  b y  H.  E. Nieburgs ,  Secre ta ry  
G e n e r a l , - M o u n t  S ina i  School  of Medicine  of t he  City 
U n i v e r s i t y  of New York,  F i f t h  A v e n u e  a n d  100th Street ,  
New York,  N.Y. 10029 USA.  


