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S u m m a r y .  5 -SH-u r id ine  in j ec t ed  into the s t y l a r  canal  of de tached  l i ly  s t i g m a - s t y l e s  was taken up in i t i a l ly  into 
the r a p i d l y - l a b e l e d - R N A  of the nuc le ic  ac id  p ro f i l e  of  a me thy la ted  a lbumin  k i e s e l g u h r  (MAK) co lumn but with 
i n c r e a s i n g  t i m e  was found in all  po r t ions  of the RNA p ro f i l e ,  but not in the DNA. Heat t r e a t m e n t  of the s ty l e  
be fo re  in jec t ion  of 5 -SH-ur id ine  g r e a t l y  r educed  the r a t e  of i n c o r p o r a t i o n  of label  into and the u l t ima te  amount  
of label  found in the RNA s p e c i e s  of the l i ly  s t y l e .  T rans loca t ion  of 5 - a H - u r i d l n e  through the o v a r y  into hea t -  
t r e a t e d  p i s t i l s  and the in jec t ion  of 5 - 3 H - u r i d i n e  into s ty l e s  which had been incubated  for  1 o r  2 days  a f t e r  heat  
t r e a t m e n t  r e s u l t e d  in s t y l a r  nuc le ic  ac ids  m o r e  highly l abe led  than nuc le ic  ac ids  in con t ro l  s t y l e s ,  with an i n c o r -  
pora t ion  pa t t e rn  d i f fe ren t  than cont ro l  s t y l e s .  Heat t r e a t m e n t  of l i ly  p i s t i l s  r e s u l t e d  in de tec tab le  changes  in the 
p ropor t ion  of s t y l a r  RNA s p e c i e s  as s e p a r a t e d  on MAK co lumns  and m e a s u r e d  as a b s o r b a n c e  uni t s .  A c t i n o m y -  
cin D and 6 - m e t h y l p u r i n e  t r e a t e d  s t y l e s  i n c o r p o r a t e d  label  f r o m  a s t y l a r  in jec t ion  of r a d i o a c t i v e  u r id ine  in pa t -  
t e r n s  d i f fe ren t  than each  o the r ,  d i f fe ren t  than h e a t - t r e a t e d  s t y l e s  and d i f fe ren t  than n o n - t r e a t e d  s t y l e s .  6 - m e t h y l -  
pur ine  and heat  t r e a t m e n t  of s t y l e s  only s l igh t ly  r educed  the r a t e  at which 5 -SH-u r id ine  was r e m o v e d  f r o m  the 
s t y l a r  canal  into the s t y l a r  t i s s u e .  

In t roduct ion  

Lilium longiflox~m Thunb. ,  the E a s t e r  l i ly ,  p o s s e s -  

s e s  a s e l f - i n c o m p a t i b i l i t y  r e a c t i o n  which d e t e r m i n e s  

that pol len  tubes  will  g row halfway down the 100 mm 

o r  l onge r  s ty le  in 48 h r  if  de r i ved  f r o m  a s e l f -  o r  

i n t r a c l o n a l - p o l l i n a t i o n ,  but will  t r a v e r s e  mos t  of the 

s ty le  i f  d e r i v e d  f r o m  a c r o s s -  o r  i n t e r c l o n a l - p o l l i n a -  

t ion ( A s c h e r  and Pe loqu in  1966).  The shor t ,  i n c o m -  

pat ib le  pol len  tube growth can be c o n v e r t e d  into the 

l onge r ,  c o m p a t i b l e - t y p e  pol len  tube growth if the s ty le  

is  a l t e r e d  be fo re  pol l ina t ion  by plunging the s ty l e s  in -  

to 50~ wa te r  for  6 min o r  by in jec t ing  the RNA syn-  

t h e s i s  i nh ib i t o r s ,  6 - m e t h y l p u r i n e  and ac t i nomyc in  D, 

into the hol low s ty l e s  6 hr  be fo re  pol l ina t ion  (Hopper  

et  al. 1967, A s c h e r  1971).  Heat t r e a t m e n t  a f fec t s  

s t y l e s  d i f f e ren t ly  than does  inh ib i to r  t r e a t m e n t  for ,  

when h e a t - t r e a t e d  s ty l e s  a r e  f lushed with wa te r  and 

then po l l ina ted ,  i ncompa t ib l e  and compa t ib l e  pol len 

tubes  g row to incompa t ib l e  lengths  only ( A s c h e r  1975).  

F lu sh ing  of i n h i b i t o r - t r e a t e d  s t y l e s  has  no ef fec t  on 

subsequent  po l len  tube growth,  compa t ib l e  and in -  

compa t ib l e  pol len  tubes  all  g rowing  to compa t ib l e  

lengths  ( A s c h e r  1971 ).  

The p r i m a r y  pu rpose  of th is  r e s e a r c h  was to a s -  

c e r t a i n  what e f fec t  heat  t r e a t m e n t  had on the i n c o r -  

pora t ion  of label  f r o m  5 -3H-u r id ine  into the s t y l a r  

nuc le ic  ac ids  of Lilium lvngifloz~m Thunb. A s e c o n d -  

a ry  pu rpose  was to d e t e r m i n e  the ef fec t  of 6 - m e t h y l -  

pur ine  and ac t inomyc in  D on the i nco rp o r a t i on  of 

label  f r o m  r a d i o a c t i v e  u r id ine  into s t y l a r  nuc le ic  

a c i d s .  

M a t e r i a l s  and Methods 

F l o w e r s  of  Lilium longifloz~m c u l t i v a r s  ' A c e '  and 
' N e l l i e  Whi te '  (NW) w e r e  cut e a r l y  the day of  an the -  
s i s  and p laced  in j a r s  of wa te r  on the l a b o r a t o r y  bench 
at room t e m p e r a t u r e .  S t i g m a - s t y l e s  w e r e  h a r v e s t e d  
f rom f l ow er s  the day a f t e r  an thes i s  (un less  spec i f i ed  
o t h e r w i s e )  by cut t ing through the o v a r y  with a t r i a n -  
gu l a r  need le .  Except  where  noted,  s t y l a r  heat  t r e a t -  
ment  invo lved  s u b m e r g i n g  s ty l e s  with o v a r y  p i ece  a t -  
t ached  in d i s t i l l ed  wate r  at 50~ fo r  6 min .  A f t e r h e a t  
t r e a t m e n t ,  the s ty l e s  w e r e  blot ted  d r y .  F o r  in jec t ion  
of a solut ion into the s t y l a r  cana l ,  the o v a r y  was snap-  
ped off and the so lu t ion  in j ec t ed  through the s t i g m a  with 
a needle  and s y r i n g e  until a drop appea red  at the o v a r -  
ian end of the s ty l e .  Incubation of s t y l e s  was on m o i s -  
tened  f i l t e r  pape r  in pe t r i  p la tes  at 23~ 

E x p e r i m e n t  1. To e s t ab l i sh  that r a d i o a c t i v i t y  f r o m  
5 -SH-u r id ine  in j ec t ed  into the l i ly  s t y l a r  canal  would 
be i n c o r p o r a t e d  into s t y l a r  nuc le ic  ac ids ,  9 'NW'  
s t y l e s / i n c u b a t i o n  t i m e  were  in j ec ted  with 5 -SH-ur i  - 
dine ~ in 1 • 10-4M ur id ine  ~, incubated for  t i m e  p e -  

~* P a p e r  n u m b e r  8917 of the Sc ien t i f ic  Jou rna l  S e r i e s ,  
Minn. A g r .  Exp.  S t a . ,  St .  Pau l ,  MN 55108. 

New England N u c l e a r ,  Speci f ic  Ac t iv i ty  (SA) 29.3 
c u r i e s  ( c ) / m M ,  l m c / m l .  

2 S igma Chemica l  Co.  
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riodsof 1.5, 3, 6, 12, 24 and 48hr, and the stylar 
nucleic acids extracted and separated on MAK col- 
umns. Extractions at 11 and 45 rain after injection 
of label were done in much the same way except that 
4 styles/treatment were used, radioactivity was di- 
luted with water and 5 non-radioactive styles were 
added to each treatment prior to nucleic acid extrac- 
tion. 

Experiment 2. To determine the effect of heat 
treatment on the incorporation into stylar nucleic 
acids of label from 5-3H-uridine previously injected 
into the stylar canal, 'Ace' styles were submerged 
in 49~ water for 6 rain. Immediately, 50ul of un- 
diluted 5-3H-uridine was injected into each heat- 
treated style and non-treated style and the styles in- 
cubated for 6, 24 and 48hr. Similarly, 'NW' styles 
were heat treated at 50~ for 6 rain, and the styles 
incubated for 11 rain, 35 rain and 5 days after injec- 
tion of label. Two heat-treated and 2 control styles 
were each combined with 8 non-radioactive styles at 
the end of each incubation period for nucleic acid ex- 
traction. 

Experiment 3. In the preceding experiment, label 
was injected into the style immediately after heat 
treatment. To determine whether a time interval be- 
tween heat treatment and labeling might affect the in- 
corporation of label into stylar nucleic acids, 'NW' 
styles were heat treated or left non-treated, incubat- 
ed 24 or 48 hr and 50ul of 5-3H-uridine injected in- 
to each style. One hr later, 2 heat-treated and 2 con- 
trol styles were added separately to enough 'NW' 
styles to make a total of 6.0 gr fresh weight for nuc- 
leic acid extraction. Two heat-treated and 2 control 
styles were pulsechased 24hr after heat treatment, 
with 30 rain between injection of 5-3H-uridine and 
flushing with 10 drops of 1 • 10-4M uridine perstyle. 
The 2 batches of styles were incubated for another 
60 rain before nucleic acid extraction. 

Experiment 4. During the course of this study, 
Ascher (1975) discovered that a water flush of heat- 
treated styles caused both compatible and incompat- 
ible pollen tubes to grow as incompatible, as if the 
flushing washed out a substance stimulatory to pollen 
tube growth which had been released into the stylar 
canal by the heat treatment. In effect, injection of 
5 -3 H-uridine into heat-treated styles was the same as 
a stylar flush and would negate the heat treatment from 
the standpoint of subsequent pollen tube growth. There- 
fore, to determine the incorporation pattern of label 
from 5-3H-uridine into the nucleic acids of heat- 
treated styles without injection of the label into the 
stylar canal, 20 'Ace' pistils were harvested 1 and 
2 days after anthesis with 5 mm of ovary attached 
and 10 were heat treated. The 20 styles were in- 
serted singly into small test tubes containing 100 ul 
redistilled water and 10 ul 5-3H-uridine. Forty hr la- 
ter, 0.5 ml water was added to each test tube. The 
styles wilted and recovered turgidity during the 40 hr, 
but the heat-treated styles wilted more rapidly. The 
ovary was snapped off after 48 hr and each style 
flushed with 2 drops of water which was collected on 
a 2.4 cm Whatman GF/A fiberglass filter disk. The 
disks were dried, placed in scintillation vials, I0 ml 
toluene scintillator 3 added and the vial counted twice 
for I0 rain or until 20,000 counts accumulated. The 
I0 heat-treated and I0 non-treated styles were di- 

4 gr PPO, 0. I gr dimethyl-POPOP, I000 ml toluene. 

vided into 2 lots of 5 styles each, each lot added to 
enough 'Ace ' style to give a final total fresh weight 
of 6gr and the nucleic acids extracted for MAK col- 
umn chromatography. 

Experiment 5. To determine what qualitative ef- 
fects heat treatment might have on the MAK column 
profile of stylar nucleic acids, 20 'Ace' and 20 'NW' 
styles were harvested 1 and 2 days after anthesis 
and 10 of each cultivar were heat treated. The 'NW' 
styles were incubated 24hr and the 'Ace' styles, 
48 hr. Stylar nucleic acids from the treated and con- 
trol styles were extracted and the nucleic acid spe- 
cies separated on MAK columns. The absorbancy 
profiles of heat-treated styles were compared to the 
absorbancy profiles of control styles in the same man- 
ner as is described later in the Materials and Methods 
comparing absorbancy profiles and radioactivity pat- 
terns for experiments in which labeling was done. 

Experiment 6. Two separate studies partially de- 
termined the effect of RNA synthesis inhibitors on 
the incorporation of label from radioactive uridine in- 
to stylar nucleic acids. The inhibitor and label were 
injected at the same time. Part A. Thirteen 'Ace' 
styles harvested 2 and 3 days after anthesis were 
injected with 1 x 10-3M 6-methylpurine 4 containing 
2-14C-uridine 5 or with water containing 2-14C-uri - 
dine, incubated 48 hr and the nucleic acids extracted 
from the 2 set of 13 styles. Part B. Forty 'Ace' 
styles were harvested the day of anthesis, 20 were 
injected with 1 • 10-3M 6-methylpurine containing 
5-3H-uridine or 2 x 10 -5 gr/ml actinomycin D 6 con- 
taining 5-3H-uridine, incubated 3 or 6hr and the 
stylar nucleic acids extracted. There were no controls. 

Experiment 7. To test whether heat treatment or 
6-methylpurine might be affecting the ability of the 
stylar canal cells to remove 5-3H-uridine from the 
stylar canal, 'NW' and 'Ace ' styles were heat treat- 
ed or injected with 1 x 10-3M 6-methylpurine 12hr 
before labeling, and 40ul of a 10uc/ml 5-3H-uridine 
solution injected into each style. Check styles for the 
6-methylpurine treatment were injected with water 
12hr before labeling. At 11 rain to 48hr after in- 
jection of label, 0.4 ml of water was flushed through 
each of 2 styles/treatment/incubation time and col- 
lected in a scintillation vial, 10 ml of a 30 % triton X 
scintillator v added to each vial, and the vials capped 
and vigorously shaken to develop a clear phase. Counts 
per min (CPM) data were obtained for each vial, twice, 
by counting for 5 rain or until 900,000 counts accumu- 
lated. 

F o r  n u c l e i c  a c i d  e x t r a c t i o n ,  t h e  s t y l e s  w e r e  c o o l e d  
on  a n  i c e  b a t h ,  a d d e d  to 30 m l  i c e - c o l d  b u f f e r  s : 80 m g  
b e n t o n i t e :  30 m l  b u f f e r - s a t u r a t e d  p h e n o l  : 1% s o d i u m  
l a u r y l  s u l f a t e ,  a n d  g r o u n d  in  a V i r t i s  M a c r o  " 4 5 " h o -  

4 K & K Laboratories, Inc. 

5 Schwarz BioResearch, SA 49.6 mc/mM, 10 uc/ml. 

6 Lot 940051, Calbiochem. 

300 ml triton X-100 (Research Products Internatio- 
nal Corp.): 700 ml toluene scintillator. 

s Experiments I, 2, 5 and 6: 0.01M Tris-HCl,pH 7.6 
containing 0.01M magnesium chloride and 0.06M 
potassium chloride. Experiments 3 and 4: IxSSC, 
pH 7.6 = 0.01M iris (hydroxymethyl) aminometha- 
he, 0.15M sodium chloride, 0. 015M sodium citrate 
and 0.01M 2-mercaptoethanol. 



R.J. Campbell and P.D. Ascher: Incorporation of Label from Radioactive Uridine 217 

mogenizer at top speed (45,000 rpm) for 3 rain, de- 
canted into an extraction flask, shaken at room tem- 
perature for 15 rain and then centrifuged in a Sorvall 
RC2B in an S-34 head at 15,000rpm for 10rain at 
0~ The supernatant was re-extracted against 40 ml 
buffer-saturated phenol plus 80 mg bentonite at 0 ~ 
recentrifuged and the supernatant combined with 2 
volumes 2-ethoxyethanol overnight at 20 ~ The pre- 
cipitate was collected by centrifugation at 15,000 rpm 
for 20 rain, washed twice with room temperature 95~ 
ethanol and stored upside down to drain at -20~ until 
chromatographed. 

Nucleic acids in the samples were chromatogra- 
phically separated on MAK columns, made in 3 lay- 
ers of 1 gr cellulose powder, 12gr MAK and, finally, 
lgr kieselguhr as the sample layer. Each layer was 
individually suspended in 0.1 M NaCI-P0~ buffer, 
pH 7.69 and packed in turn at 4 ibs/in 2 air pressure 
into a 2 x 40 cm glass column. Before packing, the 
kieselguhr suspensions were boiled to remove the air. 
Then, 4 ml methylated albumin (MA) was stirred into 
the 12gr kieselguhr suspension to produce the MAK. 
Each column was washed with I00 ml 0.3 NaC1-P0~ 
buffer, pH 7.6. 

The nucleic acid sample was dissolved in 20 ml 
0.1M NaCI-POT at 0~ loaded onto the column and 
washed with 100 ml 0.3M NaCl -P0~. A600 ml gra- 
dient containing 300 ml 0.4M NaCI -P0~ in the mix- 
ing chamber and 300 ml 1.2M NaCI -P0~ in the re- 
servoir was attached to the column and 31b/in e air 
pressure applied to the gradient. After the salt gra- 
dient, the column was washed with I00 ml of cold 
0.74M NH4OH. Fractions of 7.6mi were collected. 

The absorbance at 260nm(A26o) for each of the 
approximately 100 fractions was obtained, the test 
tubes and their contents cooled to 0~ and 1 ml of 
a I% albumin I~ solution added to each test tube. 
Enough 40% trichloroacetic acid (TCA) was added to 
each test tube to make the solutions 57~ in TCA, and 
the test tube contents vigorously mixed. Six hr later, 
the precipitate was collected by filtering the solutions 
through 2.4 cm fiberglass filter disks, rinsing the 
test tubes twice with 5ml cold 5 % TCA. The disks 
were dried in scintillation vials and I0 ml of the tol- 
uene scintillator solution added. CPM data was ob- 
tained for each vial, several times, by counting in a 
Beckman Liquid Scintillation Spectrophotometer or 
a Packard 3375 Automatic TriCarb Liquid Scintilla- 
tion Spectrophotometer at 8~ with the gain set to 
give an automatic external standard (AES) ratio of 
1.000 for the unquenched background standard found 
in each machine. 

Quench curves were obtained for each machine 
with the formula of y = ax b, plotting efficiency of 
counting the isotope versus AES ratio. These quench 
curves were encoded in a computer program for a 
Wang 2000 desk computer, and the average disinte- 
grations per rain (DPM) per fraction was calculated 
utilizing the raw CPM data and the AES ratio from 
the replicates of counting. The efficiency of counting 
3H on the 2 spectrophotometers was approximately 
45%. 

9 0.1, 0.3, 0.4 and 1.2M sodium chloride in 0.05M 
sodium phosphate buffer, pH 7.6. 

~o Bovine serum albumin, Fraction V, Sigma Chemi- 
cal Co. 

To standardize A26o profiles and the radioactivity 
profiles I experiment to the other (see Fig.2), the 
RNA portions of the MAK profile were replotted with 
each test tube's A26o and DPM designated as a % of 
the total A2s 0 units or DPMs present in the total 
RNA of the MAK chromatographic profile for that 
experiment (see Fig.2). According to standard meth- 
ods of describing the profile of plant nucleic acids 
separated on MAK columns by salt gradient, the 2 
major RNA portions of the MAK profile were divided 
into 5 separate areas (Fig. 1) : the light-RNA was di- 
vided into 4S-RNA and 5S-RNA, and the heavy-RNA 
was divided into 18S-RNA and 28S-RNA. The 28S- 
RNA was subdivided into peak-RNA (from 18S-RNA 
to 2 fractions past the highest A26o reading in the 
28S portion) and rapidly-labeled-RNA (the shoulder 
of the 28S-RNA portion). The A26o units or radioac- 
tivity within the 5 portions of the RNA profile were 
summed and the 5 sectional totals expressed as a % 
of the total A26o units or radioactivity present in 
RNA. Subsequently, the ratio RD/A was calculated 
using this formula, 

%DPM X 

RD/A = % A X 

where X was I of the 5 portions of the RNA profile 
or was any summed part of the profile. RD/A values 
were calculated also for the 2 major areas of the 
RNA profile, the light-RNA and heavy-RNA (see 
Fig. 2). 

Results 

Experiment 1. Label derived from 5-3H-uridine in- 

jected into non-treated, day-after-anthesis styles 

first appeared as a tall slender peak in the rapidly- 

labeled-RNA region of the A260 profile and as a 

broad, low peak between the 4S-and 5S-RNA (Fig. 

2a-d). As the time of labeling increased, the label- 

ing pattern de-emphasized the rapidly-labeled-RNA 

and by 48hr closely fit the A260 profile of the 18S- 

and 28S-RNA peaks (Fig. le,g). The fit improved 

after 5 days labeling. The same occurred for the 4S- 

and 5S-RNA region, with the label following closely 

the A260 profile for the light-RNA region by 48 hr 

(Fig. le, g). The proportion of label in light-RNA in- 

creased steadily from 11 rain to 5 days (Fig. Ic, e, g). 

Tenaciously-bound-RNA acquired label while DNA 

did not acquire label in this and all other experiments. 

Non-labeled DNA was expected since 5-3H-uridine is 

a specific precursor of RNA synthesis (Hayhoe and 

Quaglino 1965). 

The results of the 3, 6, 12 and 24hr incubation 

times were marred by drastically reduced amounts of 

heavy-RNA caused by poor extraction or some other 

factor. However, the qualitative picture of how the 
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label became distributed over time in the stylar nuc- 

leic acids is sound. Quantitative data involving per- 

centage recovery of injected radioactivity in stylar 

RNA species was derived from control treatments in 

Experiment 2 (Fig. 2a). The percentage of injected 

label incorporated into the total stylar RNA and the 

heavy-RNA species increased until 24 hr of labeling 

and in light-RNA increased until 48 hr of labeling. 
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F i g .  l a - h .  Abso rbancy  p ro f i l e  of Lilium longiflorum s t y l a r  nuc le i c  ac ids  c h r o m a t o g r a p h e d  on a MAK co lumn .  
a) Typical nuc le ic  ac id  p r o f i l e :  l igh t -RNA (1 -RNA)  + 4S + 5S-RNA; h e a v y - R N A  (h -RNA)  = 18S- + 28S-RNA; 
peak -  + r a p i d l y - l a b e l e d - ( r l )  RNA = 28S-RNA; t e n a c i o u s l y - b o u n d - ( t b )  RNA is  r e m o v e d  by NH4OH. b-  h) Nuc-  
l e i c  ac id  p ro f i l e  with s u p e r i m p o s e d  r a d i o - a c t i v i t y  p r o f i l e :  label  in the s t y l a r  RNA f r o m  5 -3H -u r id ine  in j ec ted  
into the s t y l a r  canal  of n o n - t r e a t e d  (b, c ,  e ,  g) o r  h e a t - t r e a t e d  (d, f, h) s t i g m a - s t y l e s .  S t i g m a - s t y l e s  w e r e  incu-  
bated l l m i n  ( b , c , d ) ,  6 h r  ( e , f )  o r  4 8 h r  ( g , h )  a f t e r  in jec t ion  of l abe l ,  b) E n t i r e  A260 and r ad ioac t iv i t y  p r o -  
f i l e .  c - h )  Adjus ted  abso rbancy  and r a d i o a c t i v i t y  p r o f i l e s  ( s e e  tex t )  

E x p e r i m e n t  2. In h e a t - t r e a t e d  s t y l e s ,  the i n c o r p o -  

ra t ion  pa t t e rn  o v e r  t ime  r e m a i n e d  the s a m e  as  in non-  

t r e a t e d  s t y l e s ,  but the heat  t r e a t m e n t  caused  a s l ow-  

down in the ini t ia l  phases  of that pa t t e rn  and an o v e r -  

al l  l ower ing  of the amount  of label  i n c o r p o r a t e d  ( F i g .  

ld ,  f, h, 2a ) .  F o r  i n s t ance ,  the pa t t e rn  and l eve l  of 

l abe l ing  a f t e r  11rain in n o n - t r e a t e d  s ty l e s  was not 

r e a c h e d  in h e a t - t r e a t e d  s ty l e s  until a f t e r  a p p r o x i m a -  

te ly  6 h r  of l abe l ing  ( F i g .  l c ,  f, 2a) .  The labe l ing  pa t -  

t e r n  a f t e r  24 h r  for  both h e a t - t r e a t e d  and check  s t y l e s  

showed a DPM c u r v e  that fol lowed c l o s e l y  the A260 

peaks  of  4S-,  5S-,  18S- and 28S-RNA ind ica t ing  that  

qua l i t a t ive  d i f f e r e n c e s  in l abe l ing  were  d i s a p p e a r i n g .  

The amount  of the label  o r i g i n a l l y  in j ec t ed  found in 

s t y l a r  RNA s p e c i e s  d e c r e a s e d  a f t e r  4 8 h r  in hea t -  

t r e a t e d  s t y l e s  r a t h e r  than a f t e r  24 h r  as  in n o n - t r e a t -  

ed s ty l e s  ( F i g . 2 a ) .  Af t e r  l l m i n ,  2 days  and 5 days 

of l abe l ing ,  the RNA f r o m  the h e a t - t r e a t e d  s ty l e s  

conta ined  2 7~, 54~ and 27 7~ of  the label  i n c o r p o r a t e d  

into the RNA of the con t ro l  s t y l e s .  

E x p e r i m e n t  3. When in jec t ion  of 5 - 3 H - u r i d i n e  o c -  

c u r r e d  24 and 4 8 h r  a f t e r  heat  t r e a t m e n t ,  h e a t - t r e a t -  

ed l i ly  s t y l e s  i n c o r p o r a t e d  s l igh t ly  m o r e  labe l  into 

s t y l a r  RNA but l e s s  label  into l i gh t -RNA than did 

con t ro l  s t y l e s  with a pa t t e rn  of i n c o r p o r a t i o n  d i f f e r -  

ent than con t ro l  s t y l e s  ( F i g .  3a, b ) .  The l eve l  of  in -  

c o r p o r a t i o n  in h e a t - t r e a t e d  and con t ro l  s t y l e s  incubated  

24 h r  ( F i g .  2b ) and the pa t t e rn  of i n to  r p o r a t i o n  for  hea t -  

t r e a t e d  and con t ro l  s t y l e s  incubated 2 4 h r  ( F i g .  3a, b) 

and 48 h r  was the s a m e  as expec ted  for  n o n - t r e a t e d  

s t y l e s  a f t e r  60 o r  90 rain of labe l ing  (F ig .  2a ) .  In 

o the r  words ,  the m a j o r  peak of r ad ioac t i v i t y  was 

c e n t e r e d  in the r a p i d l y - l a b e l e d - R N A  por t ion  of  the 

A260 p ro f i l e ,  it showed ind ica t ions  of an 18S-RNA 

shou lde r  and poss ib ly  a 28S-RNA s h o u l d e r ,  and the 

peak of label  in the l igh t -RNA por t ions  was a s s o c i a t e d  

with 5S-RNA. Accord ing  to R D / A  va lue s ,  h e a t - t r e a t e d  

s ty l e s  had l e s s  highly l abe led  5S- and 4S-RNA and 

m o r e  highly l abe led  r a p i d l y - l a b e l e d -  and 18S-RNA. 

The leve l  of l abe l ing  for  h e a t - t r e a t e d  and check  s ty l e s  

incubated  48 hr  be fo re  labe l ing  was a p p r o x i m a t e l y  50 

of the l eve l  in the s ty l e s  incubated  24 hr  be fo re  l a b e l -  

ing and was so low as to be l e s s  than the i nco r po r a t i on  

l eve l  of n o n - t r e a t e d  s t y l e s  incubated  11 min a f t e r  in-  

j ec t ion  of label  ( F i g .  2a, b ) .  This may have been the 

r e s u l t  of s t y l a r  age ing .  

E x p e r i m e n t  4. Label f rom 5 - 3 H - u r i d i n e  abso rbed  

into l i ly  p i s t i l s  through the o v a r y  was i n c o r p o r a t e d  

in 48 hr  into s t y l a r  nuc le i c  ac ids  of both h e a t - t r e a t e d  

and check  s t y l e s  with the l abe l ing  p ro f i l e  c l o s e l y  fo l -  

lowing the nuc le i c  ac id  p ro f i l e  ( F i g . 3 c ,  d ) .  Like the 

h e a t - t r e a t e d  s ty l e s  c o m p a r e d  to t h e i r  c o n t r o l s  in E x -  
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periment 3 (Fig.2b) and like the 24 hr control styles 

compared to the 48 hr control styles in Experiment 

2 (Table I), the light-RNA species of the heat-treated 

styles in this experiment had a lower RD/A value and 

also contained a smaller ?~ of the absorbed label than 

the light-RNA of the controls while the total RNA of 

the heat-treated styles contained a greater % of ab- 

sorbed label than did the RNA of the control styles 

(Table 1 ). 

The 20 drops of water flushed through the I0 heat- 

treated styles contained a total of 331,493.4DPM or 

39.5% of the 839,?08.8DPM flushed out of the 10 

control styles. Analysis of variance indicated that the 

difference was very highly significant. The amount 

flushed out was I. I ~0 of the total fed to the styles. 

Translocation of label through the ovary was less 

efficient in labeling stylar RNA than injection of label 

into the stylar canal. The % of label translocated 

through the ovary and incorporated into RNA of heat- 

treated styles was at about the same level as in heat- 

treated styles incubated 24 hr after a stylar injection 

of 5-3H-uridine (Fig.2a) and in the control styles was 

a little lower than the incorporation level in non-treated 

styles incubated 6 hr after label injection (Fig.2a). 

Quicker wilting of heat-treated styles and the secre- 

tion of less free label into the stylar canal argues that 
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heat t r e a t m e n t  d i s rup ted  the n o r m a l  f low of so lu tes  

within the s t y l a r  t i s s u e .  

E x p e r i m e n t  5. S ty la r  heat  t r e a t m e n t  changed the 

r e l a t i v e  amounts  of s t y l a r  RNA s p e c i e s  r e s o l v e d  by 

MAK co lumn c h r o m a t o g r a p h y .  The p ropor t i ona l i t y  

r a t i o s  d e r i v e d  by c o m p a r i n g  the c o r r e s p o n d i n g  pa r t s  

of  the RNA p r o f i l e s  f rom the h e a t - t r e a t e d  and con t ro l  

s t y l e s  for  both the 24 hr  and 48 h r  incubat ion t i m e s  
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4iS ,~S I:I~IA H-IRNA 18S PdAK RL 28S 
RNA SPECIES 

F i g .  3a-h .  Adjusted abso rbancy  and rad ioac t iv i ty  prof i les  of l i ly  s ty le s :  a , b )  H e a t - t r e a t e d  or  n o n - t r e a t e d  s ty les  
incubated 24 hr before 5 - e H - u r i d i n e  was in jec ted  and labe led  1 hr .  c , d )  H e a t - t r e a t e d  or  n o n - t r e a t e d  s ty les  ab -  
so rbed  5 -3H-u r id ine  through the ovary  for 48 h r .  Data is  the second r ep l i ca t e ,  e -h )  R N A - s y n t h e s i s - i n h i b i t o r  
t r ea ted  s ty les  incubated  3 or  6 hr with 5 - a H - u r i d i n e  (see  F i g . 2 d )  

Table 1. P e r c e n t a g e  label  i nco rpo ra t ed  into s t y l a r  nucle ic  acids  of Lilium longiflorum Thunb. compar ing  
label  in jec ted  into the s t y l a r  canal  (Exp.  2) to label  t r ans loca t ed  into the pis t i l  through the ovary  (Exp.  4) 

Stylar  canal  in jec t ion  Trans loca t ion  through ovary  

Treatment L-RNA H-RNA RNA Treatment L-RNA H-RNA RNA 

24hr control 0. 183 0.768 0.950 48hr heated 
Run I 0.0648 0.295 0.360 
Run 2 0.0427 0.326 0.369 

48hr control 0.205 0.673 0.879 48hr control 
Run 1 0.0848 0 .242  0.327 
Run 2 0.0870 0.252 0.339 

after heat treatment were not equal to 1.0 (Fig.4). 

The heat-treated 'NW' styles incubated 24hr (Fig.4a) 

and heat-treated 'Ace' styles incubated 48 hr (Fig.4b) 

had a greater proportion of nucleic acids in the light- 

RNA than the controls, the 5S-RNA portions of the 

light-RNA being especially higher. Both sets of heat- 

treated styles exhibited increased proportions of nuc- 

leic acids in the rapidly-labeled-RNA and to a lesser 

extent in the 18S-RNA, apparently at the expense of 

nucleic acids in the peak-RNA portion of the profile. 

Comparisons between treated and control styles over 

time is confounded with differences in cultivars and 

should not be made. 

Experiment 6. Part A. The addition of I • I0-3M 

6-methylpurine to the 2-14C-uridine injected into the 

lily stylar canal reduced the amount of label incor- 

porated into the heavy-RNA of the style by 41~ and 

increased the label in the light-RNA by 25 Y~ (Fig. 2c). 

There was a loss of label in the 3 portions of the 

heavy-RNA, a 53 7o reduction in peak-RNA, a 29~ 

reduction in rapidly-labeled-RNA and a 26 ~ reduc- 

tion in 18S-RNA. 

Part B. Compared to the 6-methylpurine-treated 

styles, the actinomycin D-treated had proportionally 

more label in the light-RNA species after 3 and 6 hr 

of labeling and lacked on the slender rapidly-labeled- 

RNA radioactivity peak the definite peaks in the 18S- 

and 28S-RNA regions of the A260 profile (Fig.3e-h). 

Label profiles from the 2 sets of the actinomycin 

D-treated styles most closely resembled the 11 rain 

labeling profile of non-treated styles (Fig. Ib) although 

the % of injected label incorporated was 5 to 6 times 

higher (Fig. 2a, d). The labeling profile after 3 hr in 

6-methylpurine-treated styles resembled most close- 

ly the labeling occurring after 11 to 35 rain in control 

styles (Fig. lb, 3e) although the ~ of injected label 
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Fig.4a,b. Adjusted absorbency profiles of nucleic 
acids extracted from heat-treated and non-heat- 
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AT/~ Ar is a ratio of the percentage A26o units of 
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responding portion of the profile of non-heat-treated 
styler RNA 

incorporated was 10 times higher (Fig. 2a, d). The 

labeling profile after 6 hr most closely resembled the 

I. 5 hr labeling profile in control styles. 

Little can be said about the possible effects of the 

inhibitors on the ~ of injected label incorporated into 

styler nucleic acids because of the lack of adequate 

controls, except that the actinomycin D-treated styles 

during 6 hr incorporated 25 ~ less label into stylar 

RNA than did the control styles in Experiment 2 (Fig. 

2a, d) .  

E x p e r i m e n t  7. Both heat t r e a t m e n t  and 6 - m e t h y l -  

pu r ine  in jec t ion  12 hr  be fo re  pol l ina t ion  s l igh t ly  r e -  

duced the stylar ability to remove label from the ca- 

nal. The reduction was at its greatest for both heat- 

and inhibitor-treated styles between 6 and 24 hr 

(Fig. 5). This reduced ability in heat-treated styles, 

which was 13 % of the control level at its maximum, 

could not be the cause of the reduction in incorpora- 

tion of label from a stylar injection of 5-3H-uridine 

into styler nucleic acids of heat-treated styles, which 

at 11 min labeling was 99.4 g of the control styles 

and at 48 hr was 46 ~ of the labeling level in control 

styles. 

Discussion 

Label from radioactive uridine was incorporated into 

lily stylar nucleic acids in the pattern usually attrib- 

uted to processes of RNA synthesis in plant tissue. 

As reviewed by Loening (1968), short bursts of la- 

beled RNA synthesis precursors applied to various 

plant systems initially appear on the MAK column 

as 2 peaks, one just after the 28S-ribosomal RNA 

peak and inseparable from it, and the other as a much 

smaller, broad peak between 4S- and 5S-RNA. The 

rapid labeling on the edge of the ribosomal-RNA area 

is thought to result from synthesis of a nuclear pre- 

cursor to either cytoplasmic messenger-RNA or to 

cytoplasmic ribosomal-RNA synthesis. Progression 

of label into all portions of the 18S- and 28S-riboso- 

mal RNA peaks usually results from ribosomal-RNA 

synthesis. The rapidly-labeled intermediate in the 4S- 

and 5S-RNA area gradually disappears and soon de- 

velops 2 peaks of label corresponding to the 4S- and 

5S-RNA peaks. Label in the 4S-RNA area comes from 

transfer-RNA synthesis (or from addition of label to 

the 3' end of transfer-RNA as reported by Mascaren- 

has and Goralnick (1971)) while label in the 5S-RNA 

area comes from the synthesis of the 5S-ribosomal 

molecule. Transfer-RNA, 5S-ribosomal RNA, 18S- 

and 28S-ribosomal RNA labeling occur at about the 

same rate. Therefore, the incorporation pattern of 

label into lily stylar nucleic acids seems to indicate 

the synthesis of various RNA species in the lily 

styles, except for the label in the 4S-RNA peak 

which may be addition to the 3' end of transfer- 

RNA. Base analysis of the labeled RNA from lily 

styles and separation of stylar RNA species by 

other biochemical methods would determine in fact 
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whether each of the separable species contained la- 

bel and had undergone synthesis to acquire that label. 

6-methylpurine and actinomycin D appeared to 

affect the incorporation of label into lily stylar RNA 

in much the same way as they do in other plants. 

6-methylpurine depresses adenine incorporation into 

RNA and the conversion of adenylic acid (adenosine 

monophosphate) to guanylic acid (guanosine mono- 

phosphate) (Miller and Kempner 1963). In lily styles, 

6-methylpurine depressed but did not block the incor- 

poration of label from uridine into RNA or, in other 

words, 6-methylpurine depressed RNA synthesis in 

lily styles. This depressed RNA synthesis was some- 

how responsible for the slight loss of stylar ability 

to remove 5-3H-uridine from the stylar canal (Fig. 

5b). It also must have increased, through non-com- 

petition, the amount of free tritiated nucleosides and 

nucleotides in the pools since light-RNA acquired more 

label than controls, possibly through addition to the 3' 

end of the transfer-RNA (Fig. 2c). 

Actinomycin D binds to DNA, inhibiting DNA-di- 

rected RNA synthesis in both eukaryotes and proka- 

ryotes by prohibiting chain elongation of the RNA. At 

concentrations that do not suppress all RNA synthesis 

in a cell, actinomycin D selectively suppresses syn- 

thesis of certain RNA species, ribosomal-RNA syn- 

thesis being the most sensitive (Goldberg and Fried- 

man 1971). Since synthesis in lily styles apparently 

occurred, actinomycin D must have been acting at 

concentrations that did not inhibit all RNA synthesis. 

Therefore, the removal of the 18S- and 28S-RNA 

shoulders on the rapidly-labeled-RNA peak of radio- 

activity in the heavy-RNA portion of the profile seemed 

to confirm that these shoulders represented ribosomal 

RNA and that ribosomal synthesis occurs in lily styles. 

An explanation for the effect of heat treatment must 

incorporate these phenomena: I) The lagging but other- 

wise unchanged pattern of stylar RNA labeling; 2) the 

reduction in the ability of the stylar tissue to remove 

5-3H-uridine from the stylar canall 3) the loss of 

heavy-RNA which was still apparent after 48 hr in 

heat-treated styles (Fig. 4), even though the style 

appeared to be replenishing the heavy-RNA content 

with large amounts of synthesis (Fig.3a, b and 4)the 
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dependence  of the s t y l a r  par t  of the s e l f - i n c o m p a t i b i -  

l i ty r eac t i on  in E a s t e r  l i ly  on p ro t e in  s y n t h e s i s  only 

until  the f l ower  opens ,  but i t s  dependence  on a con-  

t inued RNA syn thes i s  f rom be fo re  the f lower  opens  

to s o m e  days a f t e r  an thes i s  ( A s c h e r  1974). This l a s t  

point r e q u i r e s  e l a b o r a t i o n .  P r e - p o l l i n a t i o n  in jec t ion  

of p u r o m y c i n ,  an inh ib i to r  of p ro te in  syn the s i s ,  b locks  

the s e l f - i n c o m p a t i b i l i t y  r eac t i on  al lowing incompa t ib l e  

pol len  tubes  to r each  compa t ib l e  lengths  only when the 

s ty le s  a r e  in j ec ted  be fo re  a n t h e s i s .  However ,  6 - m e -  

thy lpur ine  p r o d u c e s  th is  e f fec t  whe ther  s ty le s  a r e  

t r e a t e d  in the bud (about 12hr  p r e - a n t h e s i s ) ,  at an-  

t he s i s  o r  1 o r  2 days p o s t - a n t h e s i s .  

Whether  i n j ec t ed  into the s t y l a r  canal  o r  abso rbed  

into the v a s c u l a r  s y s t e m  through the o v a r y ,  the t r i -  

t ia ted  nuc leos ide  u r id ine  would have pas sed  ce l l  wal ls  

and m e m b r a n e s  and moved through the c y t o p l a s m  into 

nuc leos ide  pools  in the s t y l a r  c e l l s .  Such movemen t  

could r e q u i r e  e n e r g y .  Subsequent ly ,  the nuc leos ide  

would be m e t a b o l i z e d  with the aid of v a r i o u s  e n z y m e s  

to u r id ine  monophosphate  and then u r id ine  diphosphate  

which is  i n c o r p o r a t e d  into s t y l a r  RNA with the aid of 

RNA p o l y m e r a s e .  The t r i t i a t e d  u r id ine  might  a lso  have 

been m e t a b o l i z e d  into the o the r  p y r i m i d i n e s  los ing  

t r i t i a t e d  hydrogen  on ca rbon  5 if me tabo l i zed  into 

thymidine  (Hayhoe and Quaglino 1965), o r  the u r id ine  

might  have l abe led  t r a n s f e r - R N A  by addi t ion.  Heat 

t r e a t m e n t  could have a t t acked  3 vu lne r ab l e  spots  in 

the m o v e m e n t  of the l abe led  nuc leos ide ,  by 1) d e s t r o y -  

ing the e n e r g y  s o u r c e s  for  u r id ine  m o v e m e n t  f r o m  the 

outs ide  of the ce l l  to nuc leos ide  poo l s ;  2) i m p a i r i n g  

the abi l i ty  of e n z y m e s  to a)  t r a n s f o r m  ur id ine  to u r i -  

dine d iphosphate ,  b) syn the s i ze  RNA by af fec t ing  an 

e f f e c t o r  equiva len t  to the s i g m a  fac to r  involved  with 

RNA p o l y m e r a s e ,  o r  e)  c a r r y  on any vi ta l  ce l l  func-  

t ion;  o r  3) d e s t r o y i n g  the s t y l a r  RNA. P r e s u m a b l y ,  

me tabo l i c  p r o c e s s e s  would work to r e v e r s e  the e f fec t  

of any of these  e v e n t s .  

A heat  ef fec t  at any of  these  3 m e t a b o l i c  points  

could expla in  the r educed  abi l i ty  of the s ty l e  to r e -  

move  5 -3H-u r id ine  f rom the s t y l a r  cana l .  Heat t r e a t -  

ment  might  i m p a i r  e n z y m e s  bes ides  those  invo lved  in 

RNA s y n t h e s i s  and c o n v e r s i o n  of nuc leos ide  to n u c l e o -  

t ide and s o m e  of these  o the r  e n z y m e s  might  affect  the 

e n e r g e t i c s  of nuc l eos ide  m o v e m e n t  into the c e l l .  Also ,  

d e s t r u c t i o n  of RNA might  s i m u l a t e  the 6 - m e t h y l p u r i n e  

i m p a i r m e n t  of s t y l a r  abi l i ty  to r e m o v e  5 -3H -u r id ine  

f rom the cana l .  However ,  s t y l a r  RNA d e s t r u c t i o n  can 

not expla in  the lag in label  i n c o r p o r a t i o n .  In fac t ,  the 

l o s s  of RNA l ike ly  would have f o r c e d  new RNA syn the -  

s i s  so that h e a t - t r e a t e d  s ty le s  should have i n c o r p o r a t e d  

label  as  fast  o r  f a s t e r  than con t ro l  s t y l e s .  Also ,  an 

a t tack on the m o v e m e n t  of l abe led  nuc l eos ide  f r o m  

outs ide  the ce l l  to the pools  would not have caused  r e -  

duct ions in the amount  of s t y l a r  RNA. T h e r e f o r e ,  the 

e f fec t  of heat  must  invo lve  an irnt~,airment of e n z y m e  

funct ion.  

This t heo ry  for  the e f fec t  of heat  t r e a t m e n t  can be 

e x p e r i m e n t a l l y  t e s t e d .  If heat  t r e a t m e n t  d e s t r o y e d  the 

e n z y m a t i c  funct ioning of p r o t e i n s ,  among them the 

l o n g - l i v e d  p ro t e in  pos tu la ted  by A s c h e r  (1974) to be 

n e c e s s a r y  for  the RNA syn thes i s  that condi t ions  the 

s t y l a r  por t ion  of the s e l f - i n c o m p a t i b i l i t y  r e a c t i o n s ,  

RNA syn thes i s  dependent  on the a f fec ted  p ro t e in s  would 

not o c c u r  and the amount  of s t y l a r  RNA would d e c r e a s e .  

The p ro t e in  would have to be r e - s y n t h e s i z e d  to r e c o v e r  

n o r m a l  RNA l e v e l s .  T h e r e f o r e ,  h e a t - t r e a t e d  s ty l e s  

should exhibi t  t hese  c h a r a c t e r i s t i c s :  I m m e d i a t e  r e -  

duced amounts  of e n z y m a t i c a l l y  ac t ive  p r o t e i n s  p o s -  

s ib ly  RNA p o l y m e r a s e ,  the e n z y m e s  that m e t a b o l i z e  

u r id ine  to u r id ine  d iphosphate ,  o r  o the r  s t y l a r  e n z y m e s  ; 

r ap id ly  d e c r e a s i n g  amounts  of RNA ; and subsequent  

p ro te in  syn thes i s  giving i n c r e a s e d  e n z y m a t i c  ac t iv i ty  

of h e a t - i m p a i r e d  e n z y m e s  fol lowed by i n c r e a s e d  RNA 

s y n t h e s i s .  

This model  expla in ing  the e f f ec t s  of heat  t r e a t m e n t  

on the s ty le  p r o v i d e s  an explana t ion  of the l abe l ing  pa t -  

t e r n  exhib i ted  by l i gh t -RNA s p e c i e s  in h e a t - t r e a t e d  

s t y l e s .  In s t y l e s  l abe led  i m m e d i a t e l y  a f t e r  heat  t r e a t -  

ment ,  the low labe l ing  l eve l  of the 4S- and 5S-RNA 

( F i g .  1, 2a) a r g u e s  that 4S- and 5S-RNA syn thes i s  

was h inde red  o r  that  the funct ioning of e n z y m e s  r e -  

spons ib le  for  addi t ion to the 3' end of t r a n s f e r - R N A  

was i m p a i r e d .  However ,  in h e a t - t r e a t e d  s t y l e s  i n -  

cuba ted  1 o r  2 days  be fo re  labe l ing ,  funct ional  en -  

z y m e s  again would be p r e s e n t  helping to r e - s y n t h e -  

s i ze  needed  RNA ( F i g .  5) and the t r i t i a t e d  nuc leos ide  

ava i l ab le  for  3' addi t ion would be l i m i t e d  because  of 

compe t i t i on  f r o m  RNA s y n t h e s i s .  T h e r e f o r e ,  t h e l i g h t -  

RNA in t he se  s ty l e s  would accum ula t e  as they did a 

s m a l l e r  % of in j ec ted  label  than c o n t r o l s  ( F i g .  2b) .  
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