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S T U D I O R U M  P R O G R E S S U S  

Chromatographic Evidence for Murein from the 
Bacteroid Symbtotes of Periplaneta americana (L) 

Bacter ia- l ike  objects  (bacteroids) have  long been 
recognized in special  cells (mycetocytes)  in the  fa t  body  
of cockroaches~. ]]ROOKS and RICHARDS2 rev iewing  
l i t e ra ture  da t ing  back  to  1896, po in t  ou t  tha t ,  based on 
s ta in ing reac t ions  and  t r e a t m e n t  w i th  UV-l ight ,  t he  
bact6roids have  been var ious ly  charac ter ized  as mi to-  
chondria ,  bac te r ia  and products  of cel lular  metabol ism.  
There  h a v e  been a t  least  9 claims of successful in v i t ro  
cul ture  of the  bac te ro ids  in terspersed chronologica l ly  wi th  
at  least  7 denials of cul ture  3,4. Whi le  e lectron microscopic 
studies s-1° s t rongly  suppor t  the  bac ter ia l  na tu re  of the  
symbiotes ,  the  con t roversy  regarding ' their i den t i t y  is n o t  
resolved.  

Since the  isolat ion and charac te r iza t ion  of c~, e-diamino- 
p imel ic  acid (DAP) n,x~ and muramic  acid (MurN) 18 
(2-amino- 3-O-[D- 1-carboxyethyl ]  - 2-deoxy-D-glucose} f rom 
bacter ia ,  rapid  progress has  been made  in deducing  the  
b iochemical  na tu re  of bac ter ia l  cell walls. I t  is now pos- 
sible to conclude t h a t  MurN and glucosamine (GlcN) (2- 
amino-2-deoxy-D-glucose)  are  ub iqu i tous  and  indispensa-  
bie componen t s  of t he  basal  s t ruc tu re  of the  cell wall  
(murein) 14. MurN is p robab ly  the  mos t  d is t inc t ive  com- 
pound  of bacter ia l  cell  wails and can be used as a rel iable 
ind ica tor  of  t he  presence of t he  mure in  complex  xS. 

Li t t l e  is known abou t  the  b iochemical  na tu re  of the  
bac tero id  wall. Bacteroids  are  gram-posi t ive .  The  walls 
a re  thin,  seemingly  encapsula t ing  a cell m e m b r a n e  s,9. 
Lysozyme,  an  enzyme  possessing a fl(1--4) N-ace ty l -  
g lucosaminidase  ac t iv i ty ,  degrades the  mure in  c o m p o n e n t  
of bacter ia l  cell  walls producing  spherical  protoplasts .  
Similar ly ,  bac te ro id  protoplas ts  are p roduced  by Iyso- 
zyme  x6 suggest ing the  presence of a fl(1-4) N-ace ty l -  
hexosamine  l inkage and a mure in  basal  s t ructure .  

I n  l ight  of the  biological  significance of these objects,  
we sought  pos i t ive  evidence  for  the i r  bacter ia l  na tu re  in 
the  form of murein .  

Methods. Las t  ins tar  n y m p h s  of Periplaneta americana 
(L.), selected w i t h o u t  regard  to sex, were chloroformed.  
Af te r  t y ing  off t he  necks, the  animals  were placed indi-  
v idua l ly  in a s toppered  via l  con ta in ing  0.2% H y a m i n e  
(p - Di i sobuty l  - phenoxy  - e t h o x y -  e thy l -  d ime thy l  - benzyl  - 
a m m o n i u m  chloride) and shaken for several  seconds. 
Af te r  3 rinses each in fresh H y a m i n e  and sterile dist i l led 
wa te r  the  specimens were dissected in a sterile room. 
Asept ic  t echniques  were observed th roughout .  The  fa t  
b o d y  was removed ,  t ak ing  care no t  to punc tu re  the  gut,  
weighed and placed in I00 vo lumes  of cold, steri le 0 .88M 
sucrose solut ion for 12-16 h. Lysozyme,  p resumab ly  
present  in fa t  body  tissueXe was discarded in the  super-  
n a t a n t  a f te r  col lect ing the  tissues by  cent r i fugat ion  a t  
3830 g for 15 min  a t  0 °C. i n  the  first  cen t r i fuga t ion  some 
fa t  body  tissue remains  a t  the  surface of the  sucrose 
solut ion and can be discarded wi th  the  supe rna t an t  fluid. 
Bacteroids ,  myce tocy te s  and o ther  cell  debris  are  in the  
residue. The  residue was washed twice in flesh, cold 
0 .88M sucrose solut ion and then  placed in a 0.3% lipase 
solut ion in 0 .88M sucrose. W i t h  cons t an t  s t i r r ing for 30 
min  a t  room t empera tu r e  the  m y c e t o c y t e  membranes  are 
opened and the  bacteroids  are freed, The  bacteroids,  along 
wi th  cell nuclei  and o ther  debris, are collected by  centr i-  
fugation,  washed 3 t imes  in sterile 0.9% NaC1 solut ion 
and frozen for storage.  3 prepara t ions  of bacteroids  were 
ob ta ined  in this m a n n e r  f rom (1) 3.589 g, (2) 8.315 g and 
(3) 6.599 g of fa t  body,  respect ively.  The  prepara t ions  

were dr ied  in vacuo  a t  60°C g iv ing  d ry  weights  of (1) 
42.3 mg, (2) 37.2 mg  and (3) 127.4 mg  for the  3 prepara-  
t ions.  

Bacil lus subtilis was chosen for purposes  of compar i son  
since i t  conta ins  MorN,  G l e n  and  D A P  in its wall  mure in .  
Ceils were cu l tured  in nu t r i en t  broth,  ha rves ted  in the  
centr i fuge and washed 3 t imes  in 0.9% NaC1 solution.  2 
ba tches  of B.  subtilis yielded d r y  weights  of  (1) 77.9 mg  
and (2) 96.9 mg. 

Bac te ro id  prepara t ions  (1) and (2) and  B.  subtilis (1) 
were placed in sealed hydrolys is  vials  conta in ing  6N-HC1 
for  24 h a t  100°C. Hydroch lo r i c  acid was  r e m o v e d  in 
vaeuo.  The  hydro lysa tes  were dissolved in wa te r  and 
concen t ra ted  3 t imes.  Humis  was r emoved  by  f i l t ra t ion  
th rough  W h a t m a n  40 paper  discs. 

Bac te ro id  p repa ra t ion  (1) was dissolved in 3.0 ml  of 
water .  A 1.5 ml  a l iquo t  (21.15 mg ca lcu la ted  d ry  weight)  
was r emoved  and s t reaked on W h a t m a n  40 acid-washed 
paper  beside M u r N  (1100 /~g/1.5 ml) and D A P  (1150 
tzg]l.5 ml) s tandards .  Chroma tog rams  were deve loped  for  
37 h in descending (collidine/2,4-1utidine/2,5-1utidine, 
50 : 25 : 25) s a tu ra t ed  wi th  wate r  (=  so lvent  A). 

Bactero id  p repa ra t ion  (2) and B.  subtilis (1) were each  
dissolved in 2.0 ml  of  water .  A 0.5 ml  a l iquo t  (9.3 mg  
calcula ted d ry  weight)  of the  bac te ro id  hydro lysa te  was 
s t reaked on W h a t m a n  40 pape r  beside a s t reak of 0.25 ml  
(9.7 mg calcuIa ted  d ry  weight)  of B.  subtilis (1), and  the  
s tandards  MurN (325.0 pg), D A P  (217.5 pg) and GleN 
(1500 /~g). Chromatograms  were developed in so lvent  A 
for 37 h. 

The  posi t ions of n inhydr in  reac t ing  zones were located 
by  cu t t ing  a na r row str ip  along the  length  of the  paper  
(parallel  to the  so lvent  run) t h rough  each s t reak and 
spraying  the  s tr ips  w i t h  0.25%/0 n inhydr in  in acetone.  
Af te r  locat ing the  s tandards  and  s imi lar ly  locat ing nin-  
hydr in  pos i t ive  zones f rom the  hydrolysa tes ,  the  un t r ea t ed  
zones were e lu ted  in w a r m  wa te r  and concen t ra ted  in 
vacuo .  Considering the  por t ion  of the  s t reak  r emoved  in 
the  t r ea ted  s t r ip ,  the  f inal  concen t ra t ion  of the  etuates  
was calcula ted.  Bac te ro id  p repara t ion  (1) and the  s tand-  
ards were  concen t ra ted  to  1.0 ml  so t he  M u r N  e lua te  
conta ined  916.7 t2g and the  D A P  eluate  con ta ined  958.0 
/*g- The  2 corresponding bac tero id  (1) e luates  con ta in  
unknown  quant i t i es  of mater ia l .  ] ]acteroid p repara t ion  
(2) and B.  subtilis (1) and s tandard  eluates  were concen- 
t r a t ed  to  0.4 ml  so t h a t  the  s tandard  e luates  con ta ined  
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respec t ive ly  236.3 #g MurN,  163.1 #g D A P  and  1125.0/ ,g  
GlcN. 

Several  a l iquots  f rom each e luate  were s p o t t e d  o n  
W h a t m a n  40 p a p e r  (Table I). P r e p a r a t i o n  (1) and  i ts  
s t a n d a r d s  were run  in pheno l /wa te r ,  80 : 20 (=  so lven t  B) 
in an  N H  3 a t m o s p h e r e  to  t he  end  of t h e  p a p e r  (48 cm).  
P repa ra t i on  (2) and  B .  sub t i l i s  {1) and  t h e i r  s t a n d a r d s  
were run  in m e t h a n o l / l O N - H C 1 / w a t e r / p y r i d i n e ,  80:2.5:  
17.5:10 (= so lven t  C) ~v to  t he  cnd  of the  paper .  Af te r  
drying,  the  c h r o m a t o g r a m s  were sp rayed  wi th  1.0% n i m  
h y d r i n  in 95°/0 e t h a n o l  con ta in ing  a 2% m i x t u r e  of 5 vol- 
umes  of glacial acet ic  acid and  1 vo lume  of collidine. 
Before inspec t ion  t h e  pape r s  were p laced  in a 90 °C oven  
for 3 min.  

A modi f ica t ion  of a f rac t iona t ion  p rocedure  des igned 
to  isolate mure in  18 was employed  wi th  bac te ro id  p repa ra -  
t ion  (3) and  B .  subt i l i s  (2). D r y  cells were suspended  in 
10 ml  of glass-dis t i l led w a t e r  and  to  th is  was  added  2.5 ml  
of 25% cold TCA (10 min  a t  0 °C). A res idue was col lected 
by  cen t r i fuga t ion  a t  4000 g for 5 rain. The  s u p e r n a t a n t  
was  discarded.  15 ml  of 80% e thano l  were added  to the  
residue and  af ter  10 rain t he  res idue was  col lected in t he  
same manner .  The  residue was n e x t  su spended  in 10 ml  
of 5% TCA and  h e a t ed  6 min  a t  90°C, col lected again,  
and  f ina l ly  placed in 9.5 mt  of 0.052kr-NH,HCO s con ta in -  
ing 0.005 N - N H , O H .  To th is  was  added  0.5 ml  of a solut ion 
con ta in ing  I m g / m l  of crys ta l l ine  t ryps in .  Tryps in iza t ion  
was al lowed to  proceed for 45 rain a t  37 °C. The r emain ing  

"Fable I. Aliquots spotted on Whatman 40 paper from the eluates of 
streaks developed in collidine/2,4-1utidine]2,5-1utidine {50 : 25 : 25) 

saturated with water 

cell ma te r i a l  was  washed  twice  in buffer  and  t h e n  hydro -  
lyzed in 6N-HC1 for 24 h a t  100°C. The  h y d r o l y s a t e  was 
concen t r a t ed ,  as before,  to  a vo lume  of 0.5 ml. Two 
a l iquots  (50 jul con ta in ing  a ca lcula ted  3.2 mg  of t he  
original  d ry  we igh t  and  150 #1 con ta in ing  9.6 rag) of the  
bac te ro id  h y d r o l y s a t e  (3), one  a l iquo t  of t he  B .  sub t i l i s  
(2) h y d r o l y s a t e  (30 #I con ta in ing  a ca lcu la ted  1.5 rag of 
the  d r y  weight)  and  s t a n d a r d s  of MurN (26.3 #g), D A P  

Table II. Rf values of several ehromatograms run in solvent I3 
(phenol/water, 80:20, in an NH s atmosphere) or in solvent C 

(methanol/10 N-HCl/water/pyridine, 80 : 2.5 : 17.5 : 10) 

Eluatc Range Mean 

Solvent 
'B '  

Solvent 
tC~ 

MurN stm~dards 0.584-0.593 0.589 
MurN bacteroids 0.571-0.603 0.587 
DAP standards 0.150-0.201 0.179 
DAP bacteroids (?) 
1. 0.137-0.206 0,187 
2. 0.074-0.091 0.085 

MurN standards 0.787-0.818 0.807 
MurN bacteroids 0.787-0.815 0.802 
MurN B. subtiIis 0.794-0.815 0,807 
DAP standards 0.337-0.407 0,373 
DAP baeteroids none found - 
DAP B. subtiIis 0.357-0.402 0.372 
Glen standards 0.741-0.766 0,753 
GleN baeteroids 0.742-0.771 0,755 
GIcN B. subtilis 0.746-0.753 0.749 

II 

Eluted zone Range of size of Range 
several aliquots (/zg) in 
(/~1} the 

aliquots 

MurN standard 8- 30 

DAP standard 2- 10 

Bacteroid (I) 10-140 
MnrN zone 

Bacteroid (1) 1- 80 
DAP zone 

MurN standard 20- 80 

DAP standard 6- 20 

GleN standard 10- 20 

Baeteroid C2) 20-100 
MurN zone 

B. SUbtilis (1) 20-100 
MurN zone 

13acteroid (2) 10- 80 
DAP zone 

B. subtilis (I} 10- 80 
DAP zone 

Bacteroid (2) 20-100 
Glen zone 

B. subtilis (1) 20-100 
GleN Zone 

7.3-27.5 

1.9- 9.6 
? 

11.8-47.3 

2.4- 8.2 

28.1-56.2 

Ph~n0~ #0nt 

0 

o 0 

0 

A B G 

Fig. 1. Eluates of streaks developed in col- 
lidine run in descending phenol/water (80 : 20) 
in an NH, atmosphere. (A) muramic acid 
standard, (B) bacteroid preparation (1) eluate 
corresponding to the maramie acid streak in 
coIlidine, (G) diaminopimelic acid standard, 
(H) baeteroid preparation (1) eluate correspon- 
ding to the diaminopimelic acid streak in 
collidine. 

L Bactcroid preparation {1) and standards developed in phenol/water 
(80:20) in an NHa atmosphere. II. Bacteroid preparation (2), B. 
subtilis batch culture (1) and standards developed in mcthanol]10N- 
HCllwater/pyridine (80 : 2.5 : 17.5 : 10). 

17 L. E. RItULAND, E. WORK~ R. F. DESMAS and D. S. HOARE, J. 
Am. chem. Soc. 77, 4844 (1955). 

is j .  T. PARK and R. HANcock, J. gen. Microbiol. 22, 249 (1960). 
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(2.3 pg) a n d  G l e n  (48.0 /~g) were  s p o t t e d  on  s e p a r a t e  
sheets  of W h a t m a n  40 p a p e r  a n d  deve loped  in  2 d i m e n -  
sions us ing  f i rs t ,  s o lven t  A a n d  second,  s o l v e n t  C. Af te r  
drying,  t he  c h r o m a t o g r a m s  were s p r a y e d  w i t h  t h e  1% 
n i n h y d r i n  r e a g e n t  m e n t i o n e d  a b o v e  a n d  p laced  in  t h e  
90 °C oven  for  3 ra in  before  inspec t ion .  

Results .  I n  so lven t  A, zones  of n i n h y d r i n - r e a c t i n g  
m a t e r i a l  f r om t h e  b a c t e r o i d  a n d  B.  subti l is  s t r e aks  were  
found  in  pos i t ions  iden t i ca l  to  t h e  MurN,  D A P  a n d  G l e n  
s t a n d a r d s .  T h e  b a c t e r o i d  p r e p a r a t i o n  (1) zone co r r e spond-  
ing  to  M u r N  was  f o u n d  to  c o n t a i n  2 n i n h y d r i n  spo ts  in  
t h e  s o l v e n t  B run ,  one  of w h i c h  b e h a v e s  l ike t h e  M u r N  
s t a n d a r d  (F igure  1). T h e  m e a n  R f  va lues  for  al l  n i n h y d r i n -  
r eac t ing  spo ts  a re  p r e s e n t e d  in  T a b l e  I I  a n d  he re  i t  c a n  
be  seen t h a t  t h e  M u r N  s t a n d a r d  a n d  t h e  b a c t e r o i d  M u r N  
m e a n  R f  va lues  are  n e a r l y  iden t i ca l  (4- 0.002). 5 spo t s  
were o b t a i n e d  f rom m a t e r i a l  e lu ted  f rom t he  D A P  zone 
of bac t e ro id  p r e p a r a t i o n  (1) s t reaks ,  2 of these  are slow 
m o v i n g  b u t  n e i t h e r  m a t c h e s  prec ise ly  w i t h  t h e  D A P  
s t a n d a r d  (Figure  1). I t  is n o t  poss ible  to  conc lude  un-  
equ ivoca l ly  t h a t  D A P  is p r e s e n t  in  these  b a c t e r o i d  h y d r o -  
lysates .  

B a c t e r o i d  p r e p a r a t i o n  (2) a n d  B.  subti l is  (1) e lua tes  
c o n t a i n e d  n i n h y d r i n - p o s i t i v e  m a t e r i a l  which ,  in  s o l ven t  
C, co r r e sponded  to M u r N  a n d  G l e n  s t a n d a r d s  (Figure  2). 
The  bac t e ro id s  a n d  B.  subti l is  p r o d u c e  t h e  s ame  p a t t e r n s  
e x c e p t  t h a t  no  D A P  was  ~ound f rom t h e  bac te ro ids .  I t  is 
n o t e w o r t h y  t h a t  t h e  M u r N  s t a n d a r d  a n d  b a c t e r o i d  M u r N  
e lua te ,  w h e n  p l aced  o n  t h e  s ame  spot ,  t r a v e l  t o g e t h e r  
p r o d u c i n g  a s ingle  spo t  in t h e  v i c i n i t y  of t h e  M u r N  
s t a n d a r d  a lone .  I n  s o l v e n t  A, t h e  M u r N  a n d  G l e n  zones  
of t he  bac t e ro id s  a n d  B.  subtil~s o v e r l a p p e d  s l ight ly ,  w h i c h  

exp la ins  t h e  p resence  of some G l e n  (b roken  circles in  
F igu re  2) in  t he  bac t e ro id  a n d  B. subti l is  M u r N  eluates ,  
Likewise ,  some  M u r N  Was f o u n d  in  t h e  G l e n  e lua tes .  

F igure  3 shows t he  r e su l t s  of 2 -d imens iona l  c h r o m a t o -  
g r a m s  of  B .  subti l is  (2) h y d r o l y s a t e ,  2 r u n s  of t h e  bae-  
t e ro id  (3) h y d r o l y s a t e ,  a n d  a s ingle r u n  of t h e  s t a n d a r d s  
MurN,  D A P ,  G l e n ,  leucines,  v a l i n e  a n d  cys t ine .  T h e  
p a t t e r n s  f rom these  4 p a p e r s  h a v e  b e e n  s u p e r i m p o s e d  to  
i l l u s t r a t e  t h e i r  s imi lar i t ies .  T h e  s t a n d a r d s  M n r N ,  G l e n ,  
t h e  leuc ines  a n d  v a l i n e  a l t  h a v e  b a c t e r o i d  a n d  B.  subtilgs 
equ iva l en t s .  T h e  L L -  a n d  meso- i somers  of D A P  are  
s e p a r a t e d  he re  a n d  c o r r e s p o n d  to  t h e  D A P  of B.  subti l is .  
T h e  p re sence  of D A P  in  t h e  b a c t e r o i d s  is ques t ionab le .  
A n i n h y d r i n  spo t  (No. 12) f rom b o t h  b a c t e r o i d  r u n s  felt 
j u s t  s h o r t  of L L - D A P .  I t s  i d e n t i t y  is u n k n o w n .  N o n e  oI 
t h e  D A P  spots ,  i nc lud ing  s t a n d a r d s ,  p r o d u c e d  t h e  com-  
m o n  g reen  color in  r eac t i on  w i t h  n i n h y d r i n .  R f  va lues  
for t h i s  c h r o m a t o g r a m  are  p r e s e n t e d  in  Tab te  I I I .  

Our  d a t a  r evea l  t h e  p r e s e n c e ' o f  G l e n  a n d  a t  l eas t  one 
m u r e i n  ind ica to r ,  MurN,  in  t h e  b a c t e r o i d  s y m b i o t e s  of 
P.  americana, i n d i c a t i n g  a m u r e i n  basa l  s t ruc tu re .  F r o m  
these  d a t a  we conc lude  t h a t  t h e  b a c t e r o i d s  are  p r o c a r y o t i c  
microbes .  Cons ider ing  t he  p resence  of M u r N  in r i cke t t s i a e  
a n d  ps i t t a cos i s - t ype  o rgan i sms  10 a n d  t he  b lue -g reen  a lga ,  
P h o r m i d i u m  u n c i n a t u m  ~°, t h e  d i scove ry  of M u r N  in t h e  

19 H. R, P~Rmns and A. C. ALnlSON, J. gen. Microbiol. 30, 469 
(1963). 

20 H. FRANK, M. LlgFORT and H. H. I~IARTIN, Bioehem, biophys. Res. 
Commun. 7, 322 {1962). 

Table III. Rf values of 2-dimensional ehromatograrns developed in 
solvent A (collidine/2,4-1utidine/2,5dutidine, 50 : 25:25, saturated 
with water) and solvent C (methanot110N-HCllwaterlpyridine, 

80: 2.5:17.5: I0) 

Spot Solvent 'A' Solvent 'C' 

Bacteroid preparation (3) A 
1 0.364 0.659 
2 0.356 0.605 
3 0.383 0.731 
4 0,268 0.699 

12 0,012 0.276 

Bacteroid preparation (3) B 
1 0.366 0,664 
2 0.354 0.603 
3 0.412 0.739 
4 0.279 0.697 

12 0.014 0.281 

B. subtilis (2) 
i 0.368 0.659 
2 0.352 0.605 
3 0.381 0.729 
4 0.272 0.699 

11 0,002 0,316 
13 0,002 0.235 

Standards 
1 MurN 0.387 0.670 
2 Glen 0.350 0.603 
3 leueines 0.375 0.737 
4 valine 0.272 0.702 

11 LL-DAP 0.014 0.302 
13 meso-DAP 0.014 0.227 
14 cystine 0.141 0.273 
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Fig. 2. Eluates of streaks developed in coil/dine run in descending 
methanol/10 N-HCI[water[pyridine (80 : 2.5 : 17.5:10). (A) mnramie 
acid standard, (B) baeteroid preparation (2) eluate corresponding 
to the muramic acid streak in collidine, (C) B. s~btilis (1) etuate 
corresponding to the muramic acid streak in eollidine, (D) ghmos- 
amine standard, (E) bacteroid preparation (2) eiuate corresponding 
to the glucosamine streak in collidine, (F) B. subtilis (1) eluate 
corresponding to the glucosamine streak in collidine, (G) diamino- 
pimelic acid standard, (H) bacteroid preparation (2) eluate corre- 
sponding to the diaminopiraelie acid streak in eollidine, (I} B. subtilis 
(1) eluate corresponding to the diaminopimelie acid streak in eollidine. 
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Fig. B. 2-dimensionai chromatograms 
of standards and bacteroid and B. 
subtilis hydrolysates superimposed 
here for purposes of comparison. (1) 
muramic acid, (2) glucosamine, (3) 
leucines, (4) valine, {11) LL-diamino- 
pimelic acid, { 13) meso-diaminopimelle 
acid, (14) cystinc. Identity of 5-10, 12 
and 15 is unknown, 

bacteroids does not restrict them to the Eubacteria.  How- 
ever, considering these data  together with studies of 
bacteroid fine structure, we are left with no doubt as to 
the bacterial nature of these cockroach symbiotes 2~. 

21 This is paper No. 6175, Scientific Journal Series, Minnesota Agri- 
cultural Experiment Station, St. Paul (Minnesota, USA). The 
work was supported by U.S. Public Health Service Research 
Grant No. AI 00961, from the National Institute of Allergy and 
Infectious Diseases of the National Institutes of Health. 

Zusammen[assung. Papierchromatographisch wurde 
Murein in symbiontischen Bakteroiden der Periplaneta 
americana nachgewiesen. Die Murein-Komponente Glu- 
ko~amin und der Murein-Anzeiger Muramic-S~ure wurden 
mittels Bakteroid-Hydrotysaten identifiziert. Das Vor- 
handensein yon ~-e-Diaminopimelic-SAure iedoeh konnte 
nicht einwandfrei festgestellt werden. 

~ ,  S. DANIEL a n d  MARION A. BROOKS 

Department o[ Entomology, Fisheries and Wildli[e, 
University o~ Minnesota, St. Paul (Minnesota 55101, 
USd), 27th January/967. 

PRO E X P E R I M E N T I S  

Methods for Increasing Sensitivity in 
Immunoelectrophoresis 

Introduction. In the course of studies of the antigens of 
the vertebrate lens i t  was found advantageous to develop 
methods of immunoelectrophoresis giving increased reso- 
lution in 2 respects: firstly, the resolution of antigens 
whose arcs are superimposed, and secondly, the resolution 
of extracts available only in very small quantities. The 
superimposition of arcs in immunoelectrophoresis is due 
to a number of factors, primarily the possession of 
identical electrophoretic mobilities by different protein 
fractions and overlapping zones of optimal combination 
of several ant igen/antibody complexes. Several methods 
of overcoming these difficulties and increasing the 
resolution of components in a mixture have been re- 
portedX-L The majori ty  of these methods rely on the use 
of an additional supporting medium for electrophoresis, 
which has the effect of gel filtration. However, this may 
so alter the position of antigens in the run that  comparison 
with standard immunoelectrophoresis becomes difficult, 
In order to improve resolution but  permit  recognition by 

mobility, regions were cut  from an electrophoresed gel 
and rerun at a different pH, thus resolving antigens whose 
electrophoretic mobili ty in the first run was similar, 

Methods have also been devised for the immuno- 
analysis of small quantit ies of starting material,  e.g. 
immunoelectrophoresis on cellulose acetate 1°. However, 
this is not ideal in tha t  it is not possible to follow the 
progress of arc formation and it was considered that  a 
method which would prevent  lateral diffusion of the 
electrophoresing material  would increase the likelihood 

I B. BLANC, Bull, Son. Chim. biol. d/, 891 (1959). 
2 M. D. POOL*K, J- Immun. 82, 502 (1959), 
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