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Phenol ic  Content of Sugarcane  in Relat ion to Red Rot Disease  

Following WALKER'S 1 demons t r a t i on  of phenol ic  com- 
pounds  as factors  for res is tance  in coloured onions to 
smudge  and  neck ro t  diseases, m a n y  more  workers  have  
d e m o n s t r a t e d  the  impor t ance  of such compounds  in the  
resis tance of p lan ts  to paras i t ic  diseases. Observa t ions  by  
ABBOTT g and PARTH, ASARATI-II and VIJAYASARADIIY3 
indicated that the juice of sugarcane varieties resistant 
to red rot disease had higher phenolic content than thai 
of the susceptible ones. In an attempt to study the nature 
of resistance in sugarcane to nodal infection by the red 
ro t  pa thogen ,  Colletotrichum /alcatum W e n t  (Glomerella 
tucumane~r (Speg.) A a x  and  MULLEIn), the  phenol ic  
con ten t s  in the  node,  in te rnode  and  leaf -shea th  of 4 
suscept ible  (Co. 312, Co. 331, Co. 445 and  C. 1181) and  
2 modera t e ly  res i s t an t  var ie t ies  (Co. 285 and Co. 1070) 
were de t e rmined  and the  results  are repor ted  here. 

The t issues of the  8th node f rom top, be tween  the  po in t  
of a t t a c h m e n t  of t he  leaf -sheath  and  the  g rowth  r ing;  
t he  leaf -shea th  a t t a ched  to t he  8th node (10 cm length  
f rom the  base) and  the  in te rnode  be tween  the  8th and  9th 
node  (4 cm por t ion  f rom the  middle) of 5 canes of each 
va r i e ty  were used for phenol  ext rac t ion .  E x t r a c t s  were 
p repa red  by  the  m e t h o d  of ECHANDI and  FERNANDEZ ~. 
The phenol  con ten t  of the  ex t rac t s  was e s t ima ted  colori- 
metr ica l ly  in chlorogenic acid equivalents ,  by  adop t ing  
the  Hoepfner -Vorsa tz  tes t  descr ibed by  IREEVE s. To 10 ml  

Phenol content in the node, internode and leaf-sheath of sugarcane 
varieties 

Variety Phenol content of Average 
(rag/100 g fresh weight) 

Node Internode Leaf-sheath 

of the  ex t r ac t  were added  2 ml of 10% freshly p repa red  
sodium nitr i te ,  2 ml  of 10% acetic acid and  af ter  3 min  
4 ml  of 2 N  sodium hydroxide .  The opt ical  dens i ty  of the  
solut ion was t h e n  measured  in a Bausch  and  L o m b  
colorimeter,  using a 420 n m  filter. The concen t ra t ion  of 
phenols  in the  solut ion was  calcula ted f rom a s t a n d a r d  
curve p repa red  by  using the  opt ical  densi t ies  of d i f ferent  
concen t ra t ions  of pure  chlorogenic acid in dist i l led water .  
The da t a  are p resen ted  in t he  Table.  

The resul ts  indicate  t h a t  the  phenol ic  con ten t s  in the  
node, in te rnode  and leaf -shea th  of sugarcane var ie t ies  
modera te ly  res i s t an t  to red  ro t  infect ion are h igher  t h a n  
those  of t he  suscept ible  ones. The  nodal  t issues of moder -  
a te ly  res i s tan t  var ie t ies  con ta ined  11/~ t imes  more  phenols  
t h a n  the  suscept ible  ones. Since the  red ro t  fungus infects  
sugarcane chiefly t h ro u g h  the  t issues a t  t he  nodal  region 
of t he  p l an t  (BUTLER and HAFIZ I~ttAN 6, CHONA 7, and  
ST]EIB and CI-IILTON8), i t  is fel t  t h a t  t he  q u a n t i t y  of 
phenols  in t he  noda l  t issues can be used as an index  for 
assessing the  degree of res is tance  to  infect ion by  the  
pa thogen  and to  e l iminate  the  highly  suscept ible  variet ies.  
The phenol ic  co n t en t  tes t  is easy to conduc t  and can be 
employed  in place of the  cumbersome  and t ime-consuming  
nodal  inocula t ion t es t  which  is being done cur ren t ly  for 
the  selection of red ro t  r es i s t an t  sugarcane  varieties.  

Zusammen/assung. Hohe  K o n zen t r a t i o n en  an pheno-  
l ischen Subs tanzen  in Zucker rohrpf lanzen  h e m m e n  die 
durch  den  Pa ras i t en  Collectotrichum falcatum W e n t  ver- 
ursachte  PilzfXule. 
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Co. 445 30.00 15.50 22.00 22.50 
Co. 331 41.00 15.83 22.50 26.68 
Co. 1181 42.50 16.50 22.50 27.06 
Co. 312 39.33 15.83 25.50 26.89 
Co. 1070 64.66 21.00 33.50 39.94 
Co. 285 66.33 23.00 34.50 41.33 
Average 47.33 18.01 26.75 

S.Em for variety - 0.22 F-test significant 
C.D. (at 5% level) - 0.62 

22.50 26.68 26.89 27.06 39.94 41.33 

S.Em for Part - 0.15 F-test significant 
C.D. (at 5% level) - 0.42 

18.01 26.75 47.33 
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Effects of Ions  and Cortisol  on R N A  Synthes i s  in Lysed Rat Liver Nucle i  

In  previous  papers  we have  shown t h a t  cortisol  en- 
hances  R N A  polymerase  ac t iv i ty  of isolated r a t  l iver 
nuclei  by  increasing the  t emp la t e  ac t iv i ty  of the  chro- 
matin1,  2. In  these  and other  reports ,  a t t en t ion  has  been 
called to  the  impor t ance  of ionic condi t ions  for IRNA 
synthes is  in in vi t ro  sys tems  3-*. In  order  to e lucidate  
the  mechan i sm by  which cortisol controls  the  R N A  

synthes iz ing  mach ine ry  of t he  cell nucleus, it  seems neces- 
sary  to inves t iga te  the  ionic dependence  of the  hormona l  
effect  and  the  na tu re  of the  p r o d u c t  synthes ized.  

Male Wis ta r  BtZ I I  ra ts  (120-160 g) were used. The 
1*C-labelled nucleoside t r iphospha tes  were ob ta ined  f rom 
The IRadiochemical Centre,  A m e r s h a m ;  the  non-label led 
r ibonncleoside t r iphosphates ,  creat ine p h o s p h a t e  and 
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creat ine phosphokinase ,  as well as the  r ibonucleoside  
m o n o p h o s p h a t e s  f rom Boehringer ,  Mannheim.  R N A  poly-  
merase  f rom E.  coli was p repared  by  the  m e t h o d  of 
ZILLIG et  al.L DNA from ra t  l iver was p repa red  by  the  
m e t h o d  of MARMIJR s w i th  an addi t ional  pronase-r ibo-  
nuclease t r e a t m e n t  before the  last  p rec ip i ta t ion  wi th  
isopropanol .  

R a t  l iver nuglei were p repared  in isotonic sucrose and  
purif ied by  t r e a t m e n t  wi th  Tr i ton  X-100 or Nonide t  
N P  40 as previous ly  descr ibed 9. In  the  exper imen t s  in 
which  the  ho rmona l  effect  was s tudied,  the  in tac t  nuclei 
were incuba ted  for 10 min  at  37~ in the  presence  of 
cort~sol dissolved in e thanol  or so lvent  alone. The final  
concen t ra t ion  of e thanol  did no t  exceed 2%. The cortisol  
concen t ra t ion  was 5 ~.g/ml 2 

For  the  m e a s u r e m e n t  of R N A  polymerase  act ivi ty ,  the  
nuclear  sediment ,  ob ta ined  af ter  hypo ton ic  lysis of the  
purif ied nuclei  in 0.05 M tris-HC1 buffer,  p H  7.4, for 
10 min, followed by  cen t r i fuga t ion  at  8000 • g for 10 rain, 
was used. The pel le t  r esuspended  in 0 .065M tr/s-HC1 
buffer,  p E  7.9, by  h a n d  homogen iza t ion  was used for 
fu r ther  charac ter iza t ion .  D N A  was de t e rmined  by  the  
m e t h o d  of CERIOTTI ~0, pro te in  according to LowRY et 
al. ~ and  R N A  according to  OGUR and ROSEN n. The in 
vi t ro  sys tem for the  assay of R N A  po lymerase  ac t iv i ty  
was essent ia l ly  the  same as descr ibed by  LUKACS and  
S~;KERIS 1. A m o u n t s  of nuclear  s ed imen t  conta in ing  
100 vg D N A  were used. De t e rmina t i on  of the  t e m p l a t e  
ac t iv i ty  of t he  nuclear  s ed imen t  was pe r fo rmed  in the  
presence of an excess of R N A  polynlerase  as descr ibed 
by  BEATO et al. ~. The concen t ra t ion  of ions will be 
ind ica ted  in the  t e x t  of t he  figures. 

For  base analysis  of the  RNA,  incubat ion  mix tures  
were p repa red  conta in ing  all 4 r ibonucleoside t r iphos-  
pha t e s  labelled wi th  ~C toge the r  wi th  creat ine phospha te ,  
crea t ine  phosphok inase  and the  d i f ferent  ions. The R N A  
was p rec ip i t a t ed  wi th  cold 5% HC10~, washed  and  
hydro lyzed  in 0.5 N KOH.  The hydro lysa t e  was chromato-  
g raphed  by  the  m e t h o d  of LANE ~ and the  mononucleo-  
t ide  spots  counted  by  l iquid scinti l lat ion.  

Opt ima l  ra te  of R N A  synthes is  was observed at  37 ~ 
and  p H  7.9. The incorpora t ion  of ~4C-uridinetriphosphate 
(~C-UTP) in to  acidinsoluble mater ia l  requires  the  pre- 
sence of the  o ther  3 r ibonucteoside t r i phospha te s  and  
d iva len t  cations,  and can be marked ly  inh ib i ted  by  
ac t inomycin  D or r ibonuclease t r e a t m e n t .  

The incorpora t ion  of ~4C-UTP into R N A  by  the  nuclear  
sed imen t  was op t imal ly  s t imula ted  by  MnC12 a t  a con- 
cen t ra t ion  of 3.6 m M  (Figure 1). W i t h  MgC12 as d i v a l e n t  
ca t ion max i ma l  incorpora t ion  was observed at  15-20 m M  
and reached  only 60% of t h a t  seen wi th  op t ima l  MnC12 
concent ra t ion .  Opt ima l  express ion of t he  s t imula to ry  
effect  of cortisol  on R N A  synthes is  was seen in the  
presence of 2.5-10 m M  MnCI~ and was abou t  30%. In  
the  presence  of MgCl~ the  ho rmona l  effect  was only seen 
in a concen t ra t ion  range be tween  7 and  12 m M  and the  
var iab i l i ty  of expe r imen ta l  results  was grea ter  t h a n  in 
t he  presence of MnCI 2 (Figure 1). W h e n  b o t h  d iva lent  
cat ions were used together ,  the  express ion of ho rmona l  
s t imula t ion  t ended  to disappear .  A very  similar  depen-  
dence on d iva len t  ca t ion concen t ra t ion  was seen when  
the  t emp l a t e  ac t iv i ty  of the  nuclear  sed iments  was tes ted  
in the  presence of an excess of bacter ia l  R N A  polymerase  
f rom E.  coll. 

Addi t ion  of increasing amo u n t s  of a m m o n i u m  sulfate 
to the  R N A  polymerase  assay results  in a very  pro- 
nounced  s t imula t ion  of the  R N A  synthesis ,  especially in 
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Fig. 1. Effect of divalent cations on the RNA poly- 
merase activity of rat liver nuclear sediment. RNA 
Polymerase was determined 2 at different concentra- 
tions of MnCI~ or MgC12, in the nuclear sediment from 
control ( ) and cortisol-treated nuclei ( - - - ) .  Incuba- 
tion was performed at 37 ~ for 10 rain. The points are 
the mean of 5 duplicate experiments. For this and 
the foIlowing figure, standard deviations are only 
shown when the difference between control and 
hormone treated preparations is significant. 
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the  presence  of Mn 2+ (Figure 2). This could be the  con- 
sequence of an inhibi t ion of r ibonuclease a c t i v i t y ~  or of 
a dissociat ion of the  DNA-pro te in  complex  due to the  
h igh  ionic s t r eng th  ~5. A direct  effect  of a m m o n i u m  sulfate 
on the  R N A  polymerase  seems unlikely, since max i ma l  
s t imula t ion  was seen at  0 .2-0 .4M, a concen t ra t ion  which  
inhibi ts  the  ac t iv i ty  of t he  purif ied liver enzyme when  
tes ted  wi th  isolated DNA as t e m p l a t e  ~6. As has been 
suggested 2,16, the  s t imula t ion  of R N A  synthes is  induced  
by  cortisol in the  presence  of an excess of bacter ia l  R N A  
polymerase  is p robab ly  due to the  l iberat ion of new 
regions of the  t empla te .  Since high salt  concent ra t ions  
also damask  the  D N A  in the  ch roma t in  ~5, the  hormona l  
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l~ig. 2. Effect of ammonium sulfate on the RNA polymerase activity 
of rat liver nuclear sediment. RNA polymerase activity was deter- 
mined at variable concentrations of ammonium sulfate (abscissa) 
alone ([2 tt), and in the presence of 6.6 mM MnC12 (�9 Q) or 6.6 mM 
MgC12 (A A), in the nuclear sediment from control (--) and cortisol- 
treated ( - - - )  nuclei. Incubation was performed at 37 ~ for 10 min. 
Each point is the mean of 3 duplicate experiments. 

Base analysis of in vitro synthesized RNA 

Conditions Base analysis (%) AU/GC 
of incubation A U G C 

effect  was not  observed when the  tes t  was pe r fo rmed  at  
h igh concen t ra t ions  of a m m o n i u m  sulfate (Figure 2). 

Most  of the  R N A  synthes ized  in v i t ro  by  the  R N A  
polymerase  of the  nuclear  sed imen t  has a sed imen ta t ion  
cons t an t  be tween  4 and 10 S as shown by  sucrose dens i ty  
grad ien t  centr i fugat ion.  This low molecular  weight  m a y  
resul t  f rom the  act ion of nucleases or f rom the  absence 
or inac t iv i ty  in our sys t em of some factors  required in 
vivo for joining the  small  R N A  f ragment s  to form larger 
molecules 17. The sed imen ta t ion  profile of the  R N A  was 
not  affected by  the  ionic condi t ions  of the  synthes is  nor  
by  the  p re incuba t ion  of the  nuclei wi th  cortisol. Moreover,  
a s imilar  sed imen ta t ion  p a t t e r n  was observed when  the  
synthes is  was pe r fo rmed  in the  presence of an excess of 
bacter ia l  R N A  polymerase .  

The R N A  synthes ized  by  the  ra t  l iver nuclear  s ed imen t  
in vi tro shows a r a the r  low adenine + uraci l /guanine 
+ cytosine (AU/GC) ratio,  be tween  0.7-0.8 depending  
on the  ionic condi t ions  (Table). R N A  synthes ized  
in the  presence  of Mg ~+ has a lower AU/GC rat io  
t h a n  t h a t  synthes ized  in the  presence  of Mn 2+, while th i s  
ra t io  rises in the  presence of h igh concen t ra t ion  of am-  
mo n i u m sulfate. Incuba t ion  of t he  nuclei  for 10 rain wi th  
cortisol b o t h  in the  presence of Mn 2+ or Mg 2+ results  in 
a 10-15% increase of the  AU/GC rat io  of the  R N A  
synthes ized  by  the  nuclear  sed imen t  (Table). This  is in 
accord wi th  our previous  f inding of the  messenger  proper -  
ties of the  nuclear  R N A  induced by  cortisol in r i v e  and  
in vi t ro  is as well as wi th  repor t s  by  YtJ and FEIGELSON 19. 

These expe r imen t s  show t h a t  the  concen t ra t ion  of 
manganese ,  magnes ium and a m m o n i u m  sulfate are of t he  
u t m o s t  impor tance  for the  man i fes t a t ion  of the  hormona l  
effect  on nuclear  R N A  syni:hesis and  t h a t  an ear ly  
response of ra t  l iver nuclei  to  cortisol  is the  s t imula t ion  
of the  synthes is  of DNA-l ike  R N A  ~0. 

Zusammen/assung. Die I n k u b a t i o n  yon  isolierten Ra t -  
ten leberze l lkernen m i t  Cortisol f i ihrt  zu ether Ste igerung 
der endogenen  Po lymeraseak t iv i t g t  um 30% im Kern-  
sediment ,  wenn  b e s t i m m t e  Ionenbed ingungen  e ingehal ten  
werden.  Cortisol bewi rk t  einen Anst ieg  im AU/GC Ver- 
hgl tnis  der  in v i t ro  syn the t i s i e r t en  R N A  ohne das Sedi- 
menta t ionsprof i l  in Saccharosed ich tegrad ien ten  zu be- 
einflussen. 
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+ Mn 2+ 
Control 15.75 26.30 26.65 31.30 0.72510.023 
Cortisol 16.80 29.20 25.40 28.60 0.823 ~ 0.029 
AetinomycinD(2btg/Inl) 17.45 31.54 26.04 24.97 0.960 ~ 0.046 

+ Mg e+ 
Control 13.35 25.95 30.90 29.80 0.647 :J: 0.019 
Cortisol 12.10 30.05 24.05 33.80 0.730i0.045 

The incubation mixture and base analysis was as described in the 
text. The concentration of tr nueleoside triphosphates was 
1.2 • 10 aM (specific activity 1.66 ~e/~zmole). MnCl~ or MgCI~ were 
used at concentrations of 6.6 raM. The values represent the mean 
and standard error of 3 separate experiments. 
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