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Chromogenic i ty  of SAKAGUCHI Products  of 
Monosubst i tuted  Guanidines  and Histidine 

The chemis t ry  of the  SAKAGUCHI r e a c t i o n -  be tween  
arginine, 1-naphthol  and  alkaline hypochlor i te  - is no t  
known.  As originally descr ibed for ty  years  ago 1 th is  sensi- 
t ive  reac t ion  for tu i tous ly  revealed itself as a red colora- 
t ion  which  slowly developed and  faded. By subs t i tu t ing  
h y p o b r o m i t e  ~ for hypochlor i te ,  a lmost  i n s t an t aneous  
colour deve lopmen t  was effected, and more  recen t ly  
SZILAGYI and  SZABO 3 achieved an i m p r o v e m e n t  in the  
reproducib i l i ty  of the  reac t ion  wi th  the  aid of N-bromo-  
succinimide (BSI) - a more  s table  source of avai lable 
bromine.  

SAKAGUCHI 4 also observed t h a t  the  1-naphthol  could 
be replaced by  8 -hydroxy  quinoline (OHQ) in which  case 
an orange-yel low colour is produced,  and using OHQ, 
SATAKE and  LUCK ~ were able to  develop reasonab ly  
s table  colours f rom arginine. However ,  I have  found  t h a t  
a t  no rmal  l abo ra to ry  t e m p e r a t u r e s  a reagent  b lank  reac- 
t ion slowly develops,  which  compensa tes  for the  slow dis- 
appearance  of the SAKAGUCHI chromogen.  

In  the  absence of SAKAGUCHI-reactive compounds ,  
b romina t ion  of 1-naphthol  or OHQ in N N a O H  results  
in a yellow coloration.  This  react ion is inhib i ted  by  an 
increase in (Br+), a decrease in 1-naphthol  concen t ra t ion  
or a low t empera tu re .  If  a s t rongly  alkaline solut ion of 
OHQ (2.8 /*moles) and aqueous  BSI  (5.6 /*moles) are 
mixed  toge the r  and  allowed to s t and  for a few seconds no 
colour is ob ta ined  on adding  the  mix ture  to an arginine 
solution, a l though  the  addi t ion  of more  BSI  will resul t  in 
a p ink  colour. Appa ren t l y  OHQ (or 1-naphthol)  competes  
wi th  tile guanidine  der iva t ive  for Br+, and the  h igher  tile 
t empe ra tu r e  the  more  successfully does i t  do so (see 
Table I). For  th is  reason, a fairly s table  and low t empera -  
ture  (0-5~ is essent ial  for accurate  and reproducib le  
arginine analysis.  This was s t ipu la ted  by  SAKAGUCHI 1'4, 
a l though  the  condi t ion  has  been ignored in more  recen t  
a t t e m p t s  s,~ to a d a p t  the  react ion for quan t i t a t i ve  
analysis.  

Amino acids have  previous ly  been  shown to inhibi t  the  
SAKAGUCHI reac t ionL I t  can be demons t ra t ed ,  however ,  
t h a t  small  am oun t s  (0.05-0.2 /*moles) of m a n y  amino 
acids intensi/y the  colour react ion developed f rom 1 ml  
0.01 m M  arginine wi th  1-naphthol  (2 ml  0.25 raM) and  

BSI  (1 ml 2.5 mM) or wi th  OHQ (2 ml 1.4 mM) 5 and  B S I  
(1 ml  5 mM) .  The increase in colour occurs w i t h  glycine 
and  wi th  taur ine,  and  is mos t  marked  wi th  lysine and  
orni thine.  I t  is also found  wi th  e thylene  diamine.  No such 
effect on the  arginine react ion is seen wi th  similar  smal l  
amoun t s  of cystine,  g lutamine,  citrulline, glucosamine,  
creat inine,  urea  or EDTA.  The group responsible  for t he  
colour-enhancing effect  appears  to be - C H  2 �9 NH~. A 
larger a m o u n t  (1-5/*moles) of any  amino acid and  also of 
g lutamine,  cytosine,  guanidine  and bil irubin m a y  r emove  
bromine  and  t h e r eb y  decrease colour p roduc t ion  f rom 1 ml  
0.01 m M  arginine;  adenine,  E D T A  and  h e m a t i n  are 
w i thou t  influence. 

His t id ine  also reacts  unde r  similar condi t ions  wi th  
alkaline 1-naphthol  and BSI  to give a rose-red colour 
(~max: 495 nm). This react ion appears  no t  to have  been  
previously  repor ted.  I t  is abou t  t w e n t y  t imes  less sensi- 
t ive t h a n  the  arginine react ion.  I t  occurs when  hypo-  
chlori te  is used as the  oxidizing agent ,  as in the  original 
t echnique  of SAKAGUCHI 1. I t  does no t  occur in the  absence 
of 1-naphthol  (or a l t e rna t ive ly  OHQ), and thus  i t  differs 
f rom the  KNooP react ion s in which b romina t ion  of hist i-  
dine a t  p t I  1 produces  a similar coloured product .  The 
his t id ine  colour, bu t  no t  the  arginine colour, is in tensi f ied  
by  the  add i t ion  of a few micromoles  of a cupric salt .  
Nei ther  urocanic  acid nor  h is tamine,  which gives a posi- 
t ive  KNOOP reaction 9 yields colour in the SAKAGUCHI 
react ion.  

W i t h  h igh  concen t ra t ions  of OHQ (e.g. 2 .8 / ,moles  per  
5 ml reac t ion  mixture)  lower b lank  colours develop t h a n  
do wi th  s imilar  concen t ra t ions  of 1-naphthol  5. However ,  
wi th  smaller  amoun t s  of 1-naphthol  (0.25-0.5 /*moles), 
i.e. abou t  one-f i f th  t h a t  employed  by  previous workers,  
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Table I. Extinction coefficients of SAKAGUCHI reaction mixtures 

Arginine(/*moles) 

0 0.025 0.05 0.10 0.15 

Method A Readings at 5 min 
Temp. (~ 

4 3 70 178 350 520 
18 40 103 179 338 500 
23 69 124 190 350 490 
30 80 139 198 325 482 

Method B 
Temp. (~ 

4 0 141 278 550 780 
19 30 166 276 540 740 
30 81 190 288 475 615 

Method A: arginine solution (1 inl); 1.0 mM OHQ (2 ml); 5.0 mM 
BSI (1 ml). Method B: arginine solution (1 ml); 0.25 mM 1-naphthol 
(2 ml); 2.5 mM BSI (1 ml). 

Table II. Chromogenicity of SAKAGUCltI-reactive compounds 

Compound No. of No. of nanomoles 
guanidine of compound re- 
groups quired to give 

eolour �9 

Albumin, human 24 1.5 
Salmine 
(molecular weight : 4000) 20 2.8 
Methyl guanidine 1 11 
Arginine 1 18 
1-Guanidino acetate 1 36 
1-Guanidino butyrate 1 36 
Octopine 1 36 
Streptomycin 2 40 
Dicyandiamidine 1 140 
Histidine 0 440 

Optical density of 0.100 at 510 rim, 1.5 cm given by arginine solu- 
tion (2 ml), alkaline 1-naphthol solution (2 mt), bromosuccinimide 
solution (1 ml) at 5~ 
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I f ind t h a t  t he re  is no b l a n k  colour. F u r t h e r m o r e ,  a t  t he  
lower 1 - n a p h t h o l  r eagen t  levels  t he  p i n k  a rg in ine  co!our 
is a lways  more  in tense  t h a n  the  yel low colour  g iven  b y  
OHQ for the  same c o n c e n t r a t i o n  of arginine,  a n d  a two-  to  
th reefo ld  increase  in t he  sens i t i v i ty  of t he  or ig ina l  reac- 
t ion  m a y  read i ly  be achieved.  

The  m o n o s u b s t i t u t e d  guan id ine  compounds ,  m e t h y l  
guanid ine ,  1-guanidino ace ta te ,  1-guanidino b u t y r a t e  an d  
oc top ine  (N- [1 -ca rboxye thy l ]a rg in ine )  are k n o w n  to show 
a s imi lar  colour  r eac t ion  to  a rg in ine  1,2. The  mo la r  chromo-  
genic i ty  of these  and  some o t h e r  c o m p o u n d s  is i nd ica t ed  
in Tab le  I I .  No t  all m o n o s u b s t i t u t e d  guan id ine  der iva-  
t ives  are 'SAKAGUCHI-reactive', e.g. c a n a v a n i n e  yields no 
coloured produc t .  U n d e r  o p t i m u m  reac t ion  condi t ions ,  
m e t h y l  guan id ine  is t he  mos t  ch romogen ic  of the  SAI~A- 
GUCHI-reactive compounds .  I t  is of i n t e r e s t  t h a t  t h e  
SAKAGUCHI p roduc t s  of h u m a n  and  bov ine  a l b u m i n  h a v e  
equa l  molecu la r  ex t inc t i on  pe r  guan id ine  group  and  each  
is equa l  to  t h a t  p roduced  f rom 1-guanid ino  ace ta t e  
(Table II) .  Trace  a m o u n t s  of copper  have  no  effect  on  t h e  
SAKAGUCHI r eac t ion  of a lbumins .  F u r t h e r m o r e ,  mi ld  
a lka l ine  hydro lys i s  (2N KOH,  1 h, 20~ of a l b u m i n  has  
no apprec iab le  e n h a n c i n g  effect  on the  s u b s e q u e n t  

SAKAOUCHI colour  yield,  so t h a t  t h e  r eac t ion  m a y  ye t  
h a v e  ana ly t i ca l  app l i ca t ions  in t h e  c h e m i s t r y  of macro-  
molecules  t h a t  c o n t a i n  m o n o s u b s t i t u t e d  guan id ines  l~ 

Zusammen/assung. Es  werden  neue  B e o b a c h t u n g e n  
t iber  die Zweckm/tss igkei t  de r  SAKAGtYCHI-Farbreaktion 
fiir Arg in in  mi tge t e i l t  : Aminos~iuren,  die die F a r b I  e ak t i on  
gew6hnl ich  h inde rn ,  w i rken  in n iedr ige r  Quan t i t / i t  (0,05 
bis  0,2 # M )  vers t / i rkend .  H i s t i d in  e rg ib t  eine pos i t ive  
SAKAGUCHI-Reaktion. 
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10 These observations were made at the Regional Urological Centre, 
Liverpool, England, during the course of a study of blood serum 
amidine transferases, full details of which will be published else- 
where. The work was supported by a grant,from the Department 
of Surgery, University of Liverpool. 

Evidence  for an Intracytop lasmic  M e m b r a n e  in 
the Core of Spores  of Bacillus popilliae 

Fine  s t r u c t u r a l  s tud ies  revea l  bac te r i a l  spores  to  be 
cells of s ingu la r  complex i ty .  P a r t i c u l a r l y  s t r i k ing  is t h e  
e l abora te  layer ing  in the  i n t e g u m e n t .  Few pub l i shed  elec- 
t r o n  mic rographs ,  however ,  show m u c h  s t r u c t u r a l  de ta i l  
in the  so-called 'core ' ,  t h e  p r o t o p l a s t  1 of bac t e r i a l  spores. 

E x p e r i m e n t s  on  t h e  fine s t r u c t u r e  of Bacillus popilliae 
h a v e  r ecen t ly  yie lded a su rpr i s ing ly  de ta i l ed  spore  core, 
p r o m i n e n t  in  which  is a m e m b r a n o u s  e l e m e n t  descr ibed  
herewi th .  

Spores of Bacillus popilliae, h a r v e s t e d  f rom t h e  hemo-  
l y m p h  of infec ted  l a rvae  of J a p a n e s e  beetles,  were f ixed 

1 C. L. HANNAY, J. biophys, biochem. Cytol. 9, 285 (1961). 

Fig. 1. Longitudinal section 
of a spore of Bacillus popil- 

liae. Note the sporangial wall 
(SW) and the various layers 
of the spore wall (I) peri- 
pheral to the cortex (C). The 
core is bounded by the spore 
core membrane (SCM) pa- 
rallel to which runs inter- 
ruptedly another membrane 
(arrows) of comparable di- 
mensions, • 93,500. 


