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Fig. 2. Representative photographs 
of spores challenged with Fusarium 
solani antisera. A) Fusarium sola- 
hi; B) Fusarium roseum. • 630. 

animals .  Af te r  1 week, a 2nd inocula t ion ,  s imi la r  to  t h e  
1st, was  a d m i n i s t e r e d  i.p. and  a 3rd inocula t ion ,  also i.p., 
was  g iven  2 weeks a f t e r  i n i t i a l inocu la t ion .  One week follow- 
ing t he  3rd inocula t ion ,  15 ml  of b lood was o b t a i n e d  
f rom the  l a t e r a l  ear  vein.  

A g g l u t i n a t i o n  r eac t i ons  were pe r fo rmed  on o rd ina ry  
glass slides and  a t  room t e m p e r a t u r e s .  To each  slide was 
added  a 0.05 ml  of spore  suspens ion  and  0.05 ml  of e i the r  
n o r m a l  r a b b i t  or F. solani an t i se rum.  The  slides were 
gen t ly  swir led for 2 m i n  to  assure  m a x i m u m  cell con tac t .  
A t  t he  end  of th i s  per iod,  t he  a g g l u t i n a t i o n  reac t ions  were 
p h o t o g r a p h e d .  

Results and discussion. As seen in F igure  1, con t ro l  
(normal  r a b b i t )  sera d id  no t  a g g l u t i n a t e  to  a n y  degree 
cond ida  of e i the r  F. solani or F. roseum. However ,  as seen 
in F i g u r e  2, t 7. solani an t i s e r a  mass ive ly  a g g l u t i n a t e d  t h e  
con id ida  of F. solani, while  F.  roseum spores  showed  no 
agg lu t ina t ion .  I t  is of i n t e r e s t  to  no te  t h a t  t he  agg lu t ina -  
t i on  reac t ions  of t he  spores  d id  no t  decrease  fol lowing 
r epea t ed  wash ings  w i t h  PBS .  Th i s  ev idence  ind ica tes  
d i s t i nc t  an t igen ic  di f ferences  be tween  the  spores  of these  

14 We wish to acknowledge C.S.U.-F.I.C. grant No. 13-2018-826 for 
support of this study. 

2 t a x o n o m i c a l l y  re la ted,  t h o u g h  hos t -d i s t inc t ,  p l a n t  
p a t h o g e n s  an d  is p r o b a b l y  ref lec t ive  of t h e i r  hos t  specifici- 
ties. 

I t  would a p p e a r  t h a t  t h e  above  descr ibed  m e t h o d  of 
assay  of the  an t igen ic  p roper t i e s  of fungal  spores  m a y  be 
an  i m p o r t a n t  i n v e s t i g a t i v e  t e c h n i q u e  a n d  should  be 
explo i ted  in fu tu re  s tud ies  as t h e  a g g l u t i n a t i o n  r eac t ion  is 
one of t h e  m o s t  sens i t ive  assays  known.  Thus ,  w h e n  th i s  
m e t h o d o l o g y  can  be  appl ied  to  such  large cells as fungal  
spores  (4 to  5 t imes  more  v o l u m e  t h a n  e ry th rocy te s )  w i t h  
such  a p p a r e n t  specifici ty,  t he  in t imac ies  of t h e  hos t -  
pa ra s i t e  r ecogn i t ion  a n d  invas ion  m e c h a n i s m s  can  be  
more  easily i n v es t i g a t ed  an d  e lucidated .  

Zusammen/assung.  I m m u n o l o g i s c h e  Agg lu t ina t ions -  
R e a k t i o n e n  e ignen  sich als M e t h o d e n  zur  U n t e r s u c h u n g  
yon  spezies-spezif ischen A n t i g e n e n  y o n  Pi lzsporen.  
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A Convenient Colourimetric Method for Routine 

B r a i n  is a t i ssue  r ich  in a d e n y l a t e  cyclase and  e n z y m e  
a c t i v i t y  has  been m e a s u r e d  w i t h  un labe l l ed  s u b s t r a t e  b y  
ion exchange  a n d  UV-spec t ro scopy l .  To p rov ide  a s im- 
p ler  m e t h o d  su i t ab le  for u n d e r g r a d u a t e  t e a c h i n g  a d i rec t  
n o n c h r o m a t o g r a p h i c  m e t h o d  of s imi la r  s ens i t i v i t y  an d  
precis ion was devised.  

Materials and methods. B r a i n  a d e n y l a t e  cyclase : Whole ,  
f reshly  o b t a i n e d  cow b r a i n s  were i m m e d i a t e l y  i m m e r s e d  in 
icecold buffer  cons i s t ing  of g lyeylglycine  (glygly), 2 • 10 -a 
M, p H  7.5; MgSO~, 1 x 10-3 21//; a n d  NaC1, 2 • 10-a 21//. T h e  
cor tex  was minced ,  a n d  homogen ized  in a Tef lon  glass 
P o t t e r - E l v e h j e m  appa ra tu s ,  accord ing  to  BITENSKY 

Assay of Brain Adenylate Cyclase 

et  aI." a n d  t h e  h o m o g e n a t e  was processed accord ing  to  
SUTHERLAND et  al. 3 a n d  s tored  a t  - -20 ~ 

The  s t a n d a r d  i n c u b a t i o n  m e d i u m  (4.0 ml) consis ts  of  
ATP,  1.0 • 10 -a 2///; MgSO4, 3.6 • 10 -a 21//; caffe ine ,  5.0 • 

i L. S. BRADHAM and D. W. WOOLLEY, Biochim. biophys. Acta 93, 
475 (1964). 

2 5i. W. BITENSKY, V. RUSSELL and W. RO'BERTSON, Biochem. 
biophys. Res. Commun. 31, 706 (1968). 

3 ]~. W. SUTHERLAND~ T. W. RALL and T. MENON, J. biol. Chem. 
237, 1220 (1962). 
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10 -~ M ;  and glygly, 6.0 •  -2 M, p H  7.5. N a F  (6.0 X 
10 -a M) can be included or omit ted .  The  react ion is 
ini t ia ted by adding 0.2 ml  of par t icula te  adenyla te  cyclase 
suspension (approximate ly  4.0 mg to ta l  proteina);  this  
react ion mix tu re  is shaken for 20 rain at  25~ in a Dub-  
noff incubator  and then  s topped by rapid  heat ing  to 
100~ for 3.5 min  in a 15 m1 centrifuge tube.  After  rapid  
cooling, protein is sedimented a t  10,000 g for 40 min  at  
4.0~ and t h e  superna tan t  fluid t ransferred to a 25 ml  
flask containing 0.2 ml  of NaIO4 solut ion (100 mg/ml).  
The  s toppered flask is kept  at  40-45 ~ in the  dark 18-22 h, 
and 0.2 ml of freshly prepared N a B H  4 solution (60 mg/ml)  
is added at  25~ 30 min  later, 1 ml  of 0.2 M lead ace ta te  
and 20 bd distil led 2-octanol are added. The suspension is 
centr i fuged at  1,000 g for 20 min  a t  25 ~ 4 ml  of the  clear 
superna tan t  fluid is drawn into a 5 ml  syringe, and trans-  
ferred to a 25 ml  boiling tube.  A modif ied orcinol test  for 
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Fig. 1. S t anda rd  curve  for cAMP in  the presence of 3 x 10 -3 M ATP.  
Each  point  is  the mean  value of t r ip l ica te  exper iments .  
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Fig. 2. Effect  of m e t h y l x a n t h i n e s  on the cAMP levels, cAMP levels 
as a funct ion of caffeine wi th  (m) and  wi thou t  (@) 6.0 • I0 -a 11r 
NaF  and theophylI ine  wi th  ([~) and  wi thou t  (O) NaF.  Pro te in  
concent ra t ion ,  1.0 mg/ml .  Each  poin t  represents  a single reading.  

ribose 5 is appl ied:  4 ml  of 0.2% FeCI 3 in concentrat ion.  
HC1 and 0.4 ml  of orcinoI solut ion (100 mg/ml  water) 
are stirred into each 4 ml  al iquot .  The samples are hea ted  
to 100~ for 40 rain, cooled, and ex t rac ted  wi th  4.5 ml  of 
redisti l led n -bu ty l  acetate.  The  absorbance of the  clear 
upper  phase is read spec t rophotomet r ica l ly  at  670 nm. 

Resul t s .  The s tandard  curve  for cyclic AMP (cAMP) 
(Figure 1) was unaffected by  the  presence (100-500-fold 
excess) or absence of A T P ;  Beer 's  law applied over  a 
wide range of concentrat ions.  The  l imi t  of sensi t ivi ty  was 
about  10 nmoles (2.5 • 10 .6 M). An ident ical  curve was 
obtained wi th  equiva len t  concentra t ions  of ribose or 
cAMP but  wi thou t  per iodate  oxida t ion  confi rming the  
complete  r e c o v e r y  of chromophore  der ived f rom cAMP. 
Blanks were unchanged by the  addi t ion  of pro te in  (1.0 
mg/ml),  caffeine (5 • 10 .2 M), or epinephrine (1 • 10 .4 M). 
Tile mean  absorbance of 25 blanks (10 wi th  A T P  bu t  
wi thou t  prote in  and 10 vice versa, and 5 wi th  neither) 
was 0.023 ~ 0.002 a t  670 nm. 

As shown in Figure  1, t r ipl icate  de terminat ions  of 
known concentra t ions  of cAMP were reproducible  •  
at  the  lowest cAMP concent ra t ion  of the  s tandard  curve, 
wi th  increasing accuracy at  h igher  concentra t ions  ( •  
a t  60 nmoles). Fur thermore ,  t r ipl icate  de te rmina t ions  
(not shown) of cAMP in react ion mixtures  conta in ing 
10 -3 M ATP,  wi th  and wi thou t  fluoride, were reprodu- 
cible + 3 %. 

The relat ionship be tween  cAMP synthesis  and brain- 
cor tex prote in  concent ra t ion  was l inear  unt i l  abou t  
1.2 mg/ml  protein,  (the useful range being 0.6 to 1.2 mg/  
ml). W i t h  or wi thou t  NaF,  recovery  of cAMP was greater  
wi th  10 .2 M theophyl l ine  than  wi th  10 .2 M caffeine, and 
wi th  5 •  .3 M caffeine was twice tha t  wi th  10 .2 M 
theophyl l ine  (Figure 2). Under  the  var ious  assay condi- 
tions, the  amoun t  of cAMP synthesized was linear, wi th in  
exper imenta l  error, for 20 min. The addi t ion of 6.0 • 
10 -~ M N a F  increased cAMP synthesis  app rox ima te ly  
twofold (Figure 3), w i thou t  s ignif icant  K m  effect ( K i n  = 
3 X 10 -4 M ) .  

D i s c u s s i o n .  The method  is based on the  selective oxida- 
t ion of glycol units to dialdehydes by  periodate,  first  
described in 1926 by MALAPRADE 6 and resistance of 
cAMP to per iodate  a t t a c k L  Complete  ox ida t ion  of non- 
cyclic nucleotides can be demons t ra ted  by b lank  deter- 
minat ions  wi th  A T P  or AMP and no enzyme.  Excess 
N a I O  4 and oxida t ion  products  are reduced by  NaBt-I4; 
resul t ing iodide is prec ip i ta ted  by  excess lead aceta te  
before quant i f ica t ion  of in tac t  ribose. Sensi t iv i ty  (approx- 
imate ly  10 nmoles) is comparable  to t h a t  of the  assay of 
BRADHAM and WOOLL~Y 1, is cheaper, simpler, easier to 
perform, faster  (36 react ion rain assayed rout ine ly  in 2 
days) and reproducible.  The  low sensi t iv i ty  renders  the  
assay useful for h ighly  act ive  1, 8, 2 or purified 9-11 cyclase 

4 0 .  H. LOWRY, N. J.  ROSEBROUGtt, A. L. FARR and R . J .  RANDALL 
J.  biol.  Chem. "193, 265 (1951). 

5 W. MEJBAUM, Hoppe-Seyler ' s  Z. physiol .  Chem. 258, 117 (1939). 
6 L. MALAPRADE, C. r. hebd. Acad. Sci., Par is  Ser. D. "186, 382 (1928). 
7 W. H. COOK, D. LIPKtN and R. MARKHAM, J.  Am. chem. Soc. 79, 

3607 (1957). 
E. W. SUTHERLAND and T. W. RALL, J.  biol.  Chem. 232, 1077 
(1958). 

9 K. u and  J.  B. FIELD, Biocbem. biophys.  Res. Commun.  
40, 171 (1970). 

10 M. TAO and F. LIPMANN, Proc. natn.  Acad. Sci., USA 63, 86 (1969). 
11 O. M. ROSEN and S. M. ROSEN, Arch. Biochem. Biophys.  731. 449 

(1969). 
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Fig. 3. Lineweaver-Burk plot for adenylate cyelase activity, cAMP 
synthesis as a function of ATP with ([3) and wihtout (O) 6.0 • 10 -~ M 
NaF. Caffeine concentration 5• .3 M; protein concentration, 
1.0 mg/ml. Each point represents a single reading. 

p repa ra t ions  par t icu lar ly  where  unde rg radua te  teaching,  in 
v i t ro  pha rmaceu t i ca l  t r ials  Or kinet ic  s tudies  are involved.  
Excess  I 0 4 - - c o n s u m i n g  mater ia l s  (sucrose or glycerol), 
excess anions forming  insoluble lead salts  ( >  2 • 10 .3 M) 
and  cGMP interfere.  Over broad  concen t ra t ion  ranges  
m a n y  chemical  effecters  : ca techolamines ,  F - ,  Mg++, Ca++, 
Zn++, Mn++, Co++, Fe++, purines,  py r imidenes  and  
xan th ines  do no t  affect  the  assay.  Sn lphydry l  inh ib i tors  
which  can in terfere  in o the r  assays12,1~ were w i t h ou t  
effect.  

Loss of l inear i ty  wi th  high pro te in  concen t ra t ions  i s  
l ikely due to  excess dies terase  and  ATPase  act ivi t ies  un- 
der  these condit ions.  Caffeine a t  5 x 10 -2 M is op t ima l  in 
minimiz ing  in ter ference  by  the  former  (Figure 2). Sub= 
s tan t ia l ly  lower caffeine concen t ra t ions  were employed  in 
earlier b ra in  cyclase studies3,8, z4. Similar  to a d i p o s e  
adeny la te  cyclase ~5, b ra in  cyclase d isplays  a V ~ ,  increase 
and  no Km effect  by  the  add i t ion  of N a F  to  the  reac t ion  
med i u m (Figure 3)16. 

Zusammenfassung. Es wird  eine d i rekte  einfache 
chemische  Methode  zur t3es t immung yon  Gehirn  Aden-  
y la tcyclase  beschrieben,  die auf der  Neigung nichtzykl i -  
scher Nukleo t iden  zur P e r - J o d - O x y d a t i o n  im Gegensatz  
zur zykl ischen AMP basiert .  Empf ind l i chke i t :  10-100 
nmol  zyklischer AMP. 
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S u r f a c e  A r e a  an d  Effect  of D r y i n g  T e m p e r a t u r e  R e l a t e d  to  D r y  W e i g h t  of  J e j u n a l  T i s s u e  in  Rat  

Various workers  have  used d i f ferent  t echn iques  to  
e s t ima te  the  d ry  weigh t  of je junal  tissue. Often,  however,  
as is the  conven t ion  in shor t -c i rcui t  work,  ion m o v e m e n t s  
are expressed per  uni t  surface area. In  the  course of 
o ther  exper iments ,  the  effect  of d ry ing  above or below 
the  boil ing po in t  of wa te r  was inves t iga ted  and also the  
re la t ionship  of gut  d ry  weigh t  to  wet  surface area. Since 
resul ts  in t he  l i t e ra ture  are of ten  expressed per  t issue 
weigh t  incorpora t ing  d i f ferent  d ry ing  techniques ,  i t  was  
Ielt  t h a t  a brief inves t iga t ion  of this  and  the  e lucidat ion of 

the  regression of surface area on e s t ima ted  dry  weight  
migh t  faci l i tate  compar i sons  and t r ans fo rma t ions  and 
be of general  in teres t  in t r anspo r t  studies.  

Methods. The p rox imal  j e j u n u m was r emoved  f rom 
narcot ized  ra ts  of abou t  200-250 g body  weight  and  a 
sect ion cut  f rom sac I1, 5 cm dis ta l  to  t he  duodenal -  

1 B. A. BARRY, J. ~[ATTHEWS and D. H. SMYTH, J. Physiol., Lond. 
157, 279 (1961). 

Tissue dry weight as percentage wet weight under various drying conditions 

Dry weight (%) Significance (p) 

a) 120 ~ for 4 h (not incubated) 
b) 80 ~ for 4 h (not incubated) 
c) Freeze-dried (not incubated) 
d) Freeze-dried (incubated) 
e) 80 ~ for 24 h (incubated) 
f) 80 ~ for 48 h (incubated) 

17.45 -4- 0.83 (16) a) against b) 
19.35 4- 0.66 (16) < 0.001 
18.62 :t: 0.22 (4) c) against d) 
15.15 • 0.40 (4) < 0.001 
17.25 4- 0.40 (12) e) against f) 
15.65 4- 0.41 (12) < 0.02 

percentage given with standard error of mean and the number of animals in brackets, 


