
active fraction crystallized from acetone 
to give lupeyl cerotate (9), with m.p. 
84?-85?C; specific rotation -16.1 ?(0.56 
percent in chloroform); infrared bands 
at 1720 cm-1 (ester) and 1640 cm-' 
(olefin). Its structure was established 
on the basis of the products obtained 
after hydrolysis (IN KOH, 90 percent 
ethanol, 5 hours). Lupeol was separated 
from the potassium salt of the fatty 
acid by ether extraction, then passed 
through a short basic alumina column 
(benzene to chloroform), and crystal- 
lized from ethanol, m.p. 216?-217?C. 

Comparison (as judged by mixture melt- 

ing point, infrared and nuclear mag- 
netic resonance spectra, and specific 
rotation) of the isolated lupeol (10) with 
an authentic sample showed them to be 
identical; their acetates were also iden- 
tical (12). The potassium salt of the 

fatty acid was suspended in dilute HCI 
and warmed until globules formed; the 
mixture was cooled and filtered; the 

fatty acid was crystallized from ben- 
zene and identified as cerotic (hexaco- 
sanoic) acid, m.p. 88?-90?C, with in- 
frared bands :at 3500 to 2500 cm-' 

(carboxylic acid OH) and 1705 cm-' 

(carboxyl). The mass spectrum showed 
a molecular ion at m/e 396.3923 (71 
percent) (calculated mass for C2GH6202 
is 396.3967 and prominent peaks ,at 
m/e 339 (4 percent), 297 (9 percent), 
241 (7 percent), 185 (13 percent), 129 

(36 percent), 73 (63 percent), and 43 

(100 percent), a pattern characteristic 
for an unbranched long-chain fatty acid 
(13, 14). 

The aqueous extract residue (B) was 
examined for its active constituents by 
a number of procedures including ex- 

traction, precipitation, and chromatog- 
raphy; but in the end the separation 
was accomplished by chromatographing 
the total acetates (as with fraction G) 
on silicic acid. Acetylation of 10 g of' 
residue B gave 15 g of acetates which 
were separated into nine fractions of 
which the most active yielded 0.64 g 
of the heptaacetate 1. The glycoside 2 
is present in a larger amount in fraction 

B, and that isolated from G apparently 
represents a quantity carried over as a 
result of a slightly favorable partition- 
ing into chloroform. 

The combination of the two new 
isolated substances, (+)-catechin xylo- 
side (2) and lupeyl cerotate (9), elicits 
a feeding response approaching 60 to 
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70 percent of that obtained from the 
residue of the initial extract. The differ- 
ence probably represents the effect of 

other, unidentified constituents acting 
additively or synergistically, but these 
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were not readily indicated in our study. 
Since S. multistriatus is the principal 

vector in the spread of the Dutch elm 
disease fungus, Ceratocystis iu/mi (Buis- 
man) C. Moreau, knowledge related to 
the chemical factors influencing the 
feeding behavior of the insect might 
be of use in measures designed to con- 
trol this disease. 
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In the presence of chloramphenicol, 
Escherichia coli cells synthesize an 
RNA (CM-5S RNA) (1) of low molec- 
ular weight. The CM-5S RNA, in con- 
trast to normal ribosomal 5S RNA, is 
not bound to ribosomes (or to "chlor- 

amphenicol particles") but is found free 
in the 100,000g supernatant fraction of 
the centrifuged cell homogenates (2). 
Although CM-5S RNA is eluted from 

Sephadex G-100 columns in the same 

position as normal 5S RNA, it is eluted 
from methylated albumin kieselguhr 
(MAK) columns somewhat later than 
normal 5S RNA (2). We now report a 
difference in primary structure between 
CM-5S RNA and normal ribosomal 
5S RNA. 

Normal Escherichia coli EA2 cells 
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and those treated with chlorampheni- 
col (100 utg/ml) were grown in a low 

phosphate medium containing 32p; the 
RNA was prepared by extraction of 
the whole cells with phenol at 4?C, in 
the presence of whole cell, nonradio- 

active, carrier RNA (1 mg/ml). The 
RNA was precipitated by alcohol, and 
then fractionated by Sephadex G-100 

gel filtration. The fractions correspond- 
ing to 5S RNA were collected, precipi- 
tated in alcohol, and purified by MAK 
column chromatography. The purified 
5S RNA and CM-5S RNA were di- 

gested by pancreatic ribonuclease and 
ribonuclease T1 and analyzed by two- 
dimensional oligonucleotide fractiona- 
tion (3). 

The two-dimensional fractionation 
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5S RNA Synthesized by Escherichia coli in Presence of 

Chloramphenicol: Different 5'-Terminal Sequences 

Abstract. Escherichia coli cells, grown in the presence of chloramphenicol, 
synthesize a low molecular weight RNA (CM-5S RNA) not bound to ribosomes 
which is similar to ribosomal 5S RNA. Oligonucleotide patterns derived from 
ribonuclease digests of 5S RNA and of CM-5S RNA are indistinguishable except 
that the 5'-terminal oligonucleotides differ. Whereas the nucleotide sequence of 
the 5'-terminus of normal 5S RNA is pUpG-, there are three alternate sequences 
of the 5'-terminus of CM-5S RNA: pUpUpG-, pUpUpUpG-, and pApUpUpUpG-. 
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patterns of ribonuclease Tl digests of 
CM-5S RNA and normal 5S RNA 
(Fig. 1) are similar except in one area; 
the CM-5S RNA lacks the normal 5'- 
terminal oligonucleotide pUpGp (spot 
18), but contains three additional oligo- 
nucleotides which are absent from 
digests of normal 5S RNA (spots 25, 
26, and 27). The nucleotide sequences 
of these three oligonucleotides are: 
spot 25, pApUpUpUpGp; spot 26, 
pUpUpGp; and spot 27, pUpUpUpGp. 
The nucleotide sequences of spots 26 
and 27 were determined by alkaline 
hydrolysis of the oligonucleotides fol- 
lowed by electrophoretic fractionation 
of the digest on Whatman No. 1 paper 
at pH 3.5 (3); spot 26 yielded pUp, Up, 
and Gp; and spot 27 yielded pUp, 
(Up,Up), and Gp. 

The sequence of spot 25 is based on 
the following results. (i) Fractionation 
of alkaline hydrolyzates at pH 3.5 
yielded products in the positions of Gp 
and Up only, the latter containing 
radioactivity (count/min) equivalent to 
five phosphate residues as compared to 
the one phosphate residue of Gp. How- 
ever, the material in the position of Up 
can be fractionated into ,two compo- 
nents by descending chromatography 
with either an isopropanol, water, and 
concentrated ammonia (70 : 30: 1) (3) 
system or an ethanol, ammonium ace- 
tate (4) system; of {the two components, 
one migrates rapidly, coinciding with 
Up (three phosphate residues) and the 
other migrates more slowly (two phos- 
phate residues). (ii) Digestion of spot 
25, with pancreatic ribonuclease yields 
three products, Gp, (Up,Up), and a 
product (product 1) containing radio- 
activi,ty (count/min) equivalent to three 
phosphate residues. Product 1, on 
Whatman No. 1 paper (pH 3.5), mi- 
grates between Up and pGp, .and, on 
DEAE paper (pH 1.7), migrates much 
more slowly than Gp. After being sub- 
jected to alkaline hydrolysis and frac- 
tionation on Whatm,an No. 1 paper at 
pH 3.5, product 1 yields only one prod- 
uct which migrates with Up, but which 
can be fractionated into two compo- 
nents by chromatography as described 
above: Up, and a slower migrating 
component containing twice the radio- 
activity !as Up. (iii) Product 1, after 
being treated with bacterial alkaline 
phosphomonoesterase, subjected to al- 
kaline hydrolysis, and fractionated at 
pH 3.5, yielded a single product in the 
position of Ap. Thus the sequence of 
product 1 seems to be pApUp and that 
of spot 25, pApUpUpUpGp. The re- 
sults of digestion of spot 25 with ribo- 

23 JANUARY 1970 

pH 3.5 

27-. *25 
26 

9* 
1%f 

I 

9 

" 

18 I 

1 * 

* *19 I * ̂19 

CM 5s RNA 5s RNA 

Fig. 1. Radioautograph of two-dimensional fractionations of ribonuclease TI digests of 
normal Escherichia coli ribosomal 5S RNA and 5S RNA synthesized by E. coli grown 
in the presence of chloramphenicol (CM-SS RNA). Fractionation in the first dimension 
(right to left) is by electrophoresis (1 hour, 3000 volts) on cellogel strips at pH 3.5 
(5 percent acetic acid and 0.5 percent pyridine). Fractionation in the second dimen- 
sion (top to bottom) is by electrophoresis (21 hours, 1500 volts) on DEAE-cellulose 
paper at pH 1.7 (7 percent formic acid). Spot 19 is CpApU-OH, the 3'-terminal 
sequence of normal 5S RNA; spot 18 is pUpGp, the 5'-terminal sequence of normal 
5S RNA; spots 25, 26, and 27 are the alternate 5'-terminal sequences of CM-5S RNA. 

nuclease T2, snake venom phosphodi- 
esterase, and spleen acid ribonuclease 
support this conclusion. 

When the molar ratios of oligonu- 
cleotides are calculated for CM-5S 
RNA in a manner similar to that de- 
scribed by Brownlee et al. for 5S RNA 
(5), each of the three additional oligo- 
nucleotides of CM-5S RNA (spots 25, 
26, and 27) is present in a yield sub- 
stantially less than 1 mole. However, 
the sum of their yields is 0.8 ? 0.2 
mole. This indicates that these three 
oligonucleotides can be considered as 
alternate 5'-terminal sequences of an 
RNA molecule that is approximately 
120 base residues in length. The yields 
of the other oligonucleotides of CM- 
5S RNA are similar to those of the 
corresponding oligonucleotides from 
normal 5S RNA. 

The two-dimensional fractionation 
patterns of CM-5S RNA digested by 
pancreatic ribonuclease show the same 
spots present in normal 5S RNA (in- 
cluding the 5'-terminal oligonucleotide 
pUp) plus one additional oligonucleo- 
tide which migrates more rapidly than 
GpUp in the first dimension and some- 
what more slowly than GpUp in the 
second dimension. This oligonucleotide 
yields analyses similar to those of prod- 
uct 1 (pApUp) obtained by pancreatic 
ribonuclease digestion of oligonucleo- 
tide No. 25, which is obtained in frac- 
tionations of ribonuclease Tl digests of 
CM-5S RNA. In the CM-5S RNA 
digested with pancreatic ribonuclease, 
the yield of pUp is much lower than 1 

mole, but the combined yield of pUp 
and pApUp approaches 1 mole. No 
other significant differences were de- 
tected in the yields of the other oligo- 
nucleotides of these two RNA's di- 
gested with pancreatic ribonuclease. 

These results lead us to conclude 
that CM-5S RNA contains three major 
alternate 5'-terminal sequences longer 
than the 5'-terminal sequence of nor- 
mal 5S RNA, pUpG- (enclosed by 
broken line). 

1 (spot 25) pApUpU pUpG- 
2 (spot 27) pUpU pUpG- 
3 (spot 26) pU pUpG- 

The presence of these three se- 
quences is consistent with the hypoth- 
esis that CM-5S RNA is a precursor of 
normal 5S RNA. The two shorter se- 
quences (spots 26 and 27) may be inde- 
pendent transcription products or could 
conceivably be derived, by specific 
cleavages, from the longer sequence, 
pApUpUpUpGp (spot 25). The 5S 
RNA may be first synthesized as an 
RNA chain slightly longer than the 
mature ribosomal 5S RNA; the addi- 
tional 5'-terminal base residues of this 
chain would be cleaved from the se- 
quence when the precursor RNA chain 
of 5S RNA is integrated into the ribo- 
some. 

This type of cleavage could con- 
ceivably be accomplished by the potas- 
sium-activated phosphodiesterase of E. 
coli, ribonuclease II (6), primarily a 
ribosome-bound exonuclease which re- 
leases 5'-nucleotides from long RNA 
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chains (6). The cleavage would occur 
early during biosynthesis of the 50S 
ribosomal subunit since the 5S RNA 
contained in 43S ribosomal precursor 
particles has the normal 5'-terminal se- 
quence pUpG- (7). 

We do not believe that CM-5S RNA 
is an artifact caused by the presence of 
chloramphenicol because, when E. coli 
EA2 (an RCrel strain of E. coli requiring 
methionine for normal growth) is grown 
in the absence of its required amino 
acid (a situation where RNA synthesis 
continues despite inhibition of protein 
and ribosome synthesis), the 55S RNA 
synthesized is modified at its 5'-termi- 
nus in the same fashion as CM-5S 
RNA (8). Furthermore, an RNA with 
the same 5'-terminal sequences as CM- 
55 RNA can be isolated from normally 
growing E. coli cells pulse-labeled dur- 

ing the exponential phase of growth 
(8). The conversion of 5S RNA to the 
form terminated in pUpG appears to 
occur in ribosomes of normal cells but 
not in those where protein synthesis, 
and subsequently ribosome synthesis, 
has been blocked by amino acid defi- 
ciencies or by the antibiotic chloram- 
phenicol. 
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(8). The conversion of 5S RNA to the 
form terminated in pUpG appears to 
occur in ribosomes of normal cells but 
not in those where protein synthesis, 
and subsequently ribosome synthesis, 
has been blocked by amino acid defi- 
ciencies or by the antibiotic chloram- 
phenicol. 
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Floral Inducing Extract from Xanthium 

Abstract. Flower formation was initiated in Lemna by acetone extracts of 
flowering cocklebur (Xanthium). These extracts also initiated flower formation 
in Xanthium when they were supplemented with gibberellic acid. No flower 
formation was initiated in dickweed (Lemna) or Xanthium by extracts from 
vegetative Xanthium. Extracts from vegetative plants supplemented with gibber- 
ellic acid did not initiate flowers in Xanthium or Lemna. 
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Various claims have been made of 
isolating substances that will induce 
flowering in short-day plants (1). Lin- 
coln et al. (2) reported that extracts 
from several species will induce flower- 
ing in vegetative cocklebur Xanthirum. 
Although Carr (3) has repeated this 
work, the results have not been fully 
accepted (4) for the following reasons: 
(i) a relatively small percentage of test 
plants was induced to flower; (ii) the 
response of test plants to extracts from 
vegetative plants was not thoroughly 
documented (5); and (iii) the extracts 
were tested on one species. We now 
present evidence for a marked floral 
inducing activity of extracts from 
flowering plants and for a lack of floral 
inducing activity of extracts from vege- 
tative plants of Xanthium. 

Plants of Xanthium strumarium L. 
(6) grown from seeds that were gathered 
in the vicinity of Chicago, Illinois, 
served as the source of the extracts. 
The vegetative plants were grown in 
20-hour photoperiods, the natural day- 
length being supplemented with incan- 
descent light that produced 250 lux at 
bench height. The flowering plants were 

given 15 hours of darkness daily. 
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Twenty extracts were prepared (7), 
ten from flowering plants and ten from 
vegetative plants. Five hundred grams 
of expanding leaves and buds were cut 
from the stem, frozen immediately in 
liquid nitrogen, crushed into small frag- 
ments, and leached with 4 liters of cold 
acetone. The debris was washed twice 
with 3 liters of cold acetone (70 percent 
by volume). One liter of 0.1N NH4OH 
was added to the combined filtrates, 
and this solution was reduced in vol- 
ume by vacuum distillation below 30?C 
in a circulating evaporator. The re- 
sultant extracts (4.5 g) were kept frozen 
until they were tested. 

In the Xanthilum bioassay, extracts 
were tested for activity on vegetative 
plants that had four to six fully devel- 
oped leaves. At the time of treatment, 
all leaves and axillary buds below the 
two youngest fully expanded leaves 
were trimmed from the plants. With 
the stem-flap method (8), we applied 
10 ml of distilled water containing 1 
mg of extract, or 1 mg of extract and 
0.1 mg of gibberellic acid (GA), or 0.1 
mg of GA directly to the vascular tissue 
of each test plant. All plants were kept 
in noninductive conditions and were 
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Table 1. Extract activity evaluated by the Xanthium bioassay. One hundred plants were used 
in each of the six treatments. Ten plants were used to evaluate each of the 20 extracts from 
flowering or vegetative plants. The figures represent the total number of plants in each stage of 
flowering (9). Plants in stage 2 or above are considered to be flowering. GA, gibberellic acid. 

Treatment, extract Flowering stage 
or chemical 0 1 2-5 6-10 > 10 

Flowering plants 91 9 0 0 0 
Flowering plants + GA 11 13 44 21 11 
Vegetative plants 97 3 0 0 0 
Vegetative plants + GA 84 16 0 0 0 
Gibberellic acid 88 12 0 0 0 
Water 100 0 0 0 0 
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Table 2. Extract activity evaluated by the Lemna bioassay. A total of 30,000 plants were used 
to evaluate the activity of the 20 extracts. The extracts were tested with and without the 
addition of gibberellic acid (GA). Each figure represents the average response of five lots 
of 100 plants each. 

Treatment Plants flowering (%) 

Flowering plants 45 31 54 37 58 46 45 51 39 60 
Flowering plants + GA 0 0 0 0 0 0 0 0 0 0 
Vegetative plants 0 0 9 0 7 0 0 0 2 0 

Vegetative plants + GA 0 0 0 0 0 0 0 0 0 0 
Gibberellic acid 0 0 0 0 0 0 0 0 0 0 
Water 0 0 5 0 11 3 0 0 1 5 
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