
1,3-phytadiene with the cis structure 
being assigned to the lower-boiling 
compound II. 

The infrared spectrum of compound 
IV shows no terminal unsaturation but 
rather a disubstituted ethylene (trans) 
structure conjugated with a trisubsti- 
tuted ethylene. This is in agreement 
with the position of the ultraviolet ab- 
sorption peak and the production upon 
ozonolysis of a C15 aldehyde. Thus IV 

2: 

is one of four possible geometric iso- 
mers of 2,4-phytadiene. 

The biochemical source for the phy- 
tadienes in zooplankton has to be 
sought in the phytol of the phytoplank- 
ton diet of the animals. Phytol is a 
labile compound which is dehydrated by 
mild catalytic action of acids and bases 
to mixtures of phytadienes. Dehydra- 
tion easily takes place on chromato- 
graphic adsorbents (alumina, silica 
gel). The zooplankton phytadienes are 
not laboratory artifacts from phytol 
present in the animals; their presence 
in crude zooplankton extracts or dis- 
tillates which have not been in contact 
with chromatographic adsorbents can 
be shown by gas chromatography. A 
mixture of phytadienes very similar to 
that encountered in the zooplankton is 
formed by catalytic dehydration of 
phytol with oxalic acid (3). This might 
suggest their formation by acid cataly- 
sis in the digestive tract of the animals. 

Pristane (1), the phytadienes, and 
the related mono- and polyolefins con- 
stitute a group of closely related com- 
pounds of graded chemical resistance 
to nonbiological and biological degrada- 
tion. We intend to study the spread 
of these compounds from their com- 
mon source through the marine bio- 
sphere and hydrosphere. 
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Protein Synthesis Inhibition: 
Mechanism for the Production of 

Impaired Fat Absorption 

Abstract. Treatment of rats with pu- 
romycin and acetoxycycloheximide re- 
sults in a defect in intestinal lipid trans- 
port. Under these conditions rats given 
corn oil accumulate triglyceride within 
the intestinal cells and fail to develop 
the normal postprandial hyperlipemia. 
The observed interference in lipid trans- 
port appears to be a consequence of 
impaired chylomicron formation. 

The absorption of dietary triglyceride 
from the intestine involves the forma- 
tion of specific lipid particles, chylomi- 
crons, which are secreted from the 
mucosal cells and appear predominantly 
in the lymphatic system (1). 

The chylomicron is a complex struc- 
ture consisting of a central core of 
triglyceride, additional lipid compo- 
nents (phospholipids, cholesterol), and 
an outer protein surface (2). 

Although the protein moiety is very 
small (0.5 to 2 percent), this compo- 
nent is probably essential for the move- 
ment of lipid out of the mucosal cell, 
especially since lipoproteins are re- 
quired for the transport of lipids in the 
systemic circulation. Support for such 
a concept was obtained from observa- 
tions that a rare hereditary disorder in 
which there is a deficiency of /:-lipo- 
proteins is associated with a striking 
defect in the movement of lipid out of 
the intestinal mucosal cells (3). We 
have now shown that the inhibition of 
protein synthesis in the rat by puromy- 
cin and acetoxycycloheximide is asso- 
ciated with interference in the absorp- 
tion and transport of lipid from the in- 
testine. 

Female Sprague-Dawley rats (180 to 
200 g) were fasted for 24 hours and 
then injected intraperitoneally with pu- 
romycin (15 mg) (4) dissolved in buf- 
fered salt solution (0.04M phosphate 
buffer, pH 7.4 in 0.154M NaCl); the 
drug was administered in a series of 
hourly injections of 2.5 mg for 4 hours 
followed by five injections of 1 mg 
each. One hour after the fourth injection 
the animals were given 1.5 ml of corn 
oil by intubation, and killed 2, 4, 
and 6 hours later. Plasma triglycer- 
ides were determined at intervals (see 
5) and multiple jejunal sections were 
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oil by intubation, and killed 2, 4, 
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ides were determined at intervals (see 
5) and multiple jejunal sections were 
examined with light and electron 
microscopes. 
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appear rapidly within intestinal villous 
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appear rapidly within intestinal villous 
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tration. Four hours after such adminis- 
tration microscopy of intestinal biop- 
sies shows most of the stainable lipid 
within villous and submucosal lymphat- 
ics with relatively little lipid remaining 
within epithelial cells; however, the 
lymphatics of the mucosa and submu- 
cosa show an abundance of stainable 
lipid droplets. By 6 hours lipid droplets 
in the mucosa are generally sparse, 
even within lymphatics. 

In contrast, rats treated with puro- 
mycin show progressive accumulation of 
fat within the intestinal epithelial cells. 
Six hours after corn oil administration 
the villous epithelial cells are laden 
with lipid droplets of varying size (Fig. 
1). The lipid is distributed rather uni- 
formly throughout the cells and appears 
morphologically unremarkable except 
for the very large size of some particles, 
which suggests that a coalescence of re- 
tained droplets has occurred. In com- 
parison with normal controls, relatively 
little lipid is seen in the villous lymph- 
atics at any time after corn oil adminis- 
tration. 

The accumulation of fat within the 
mucosal cells of the puromycin-treated 
rats is reflected by a failure of the 
plasma triglycerides to rise after a corn 
oil "load." Normal rats given 1.5 ml 
corn oil exhibit a progressive elevation 
of plasma triglycerides with the mean 
of the maximum values being 380 mg 
per 100 milliliters after 6 hours. In 
contrast, the means of the values for 
plasma triglycerides in the puromycin- 
treated animals barely rise above those 
of fasting animals (10 mg per 100 ml), 
and at 6 hours after administration of 
corn oil are only 37 mg per 100 ml, or 
10 percent of those of the normal group 
(Fig. 2). 

A similar defect in mucosal lipid 
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Fig. 1. Electron micrograph of small in- 
testinal villous epithelial cells 6 hours 
after administration of corn oil (1.5 ml) 
in a rat treated with 15 mg of puromycin. 
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Fig. 2. Plasma triglycerides after oral ad- 
ministration of corn oil (1.5 ml) in the 
normal fasted rat and after treatment with 
15 mg of puromycin. The values represent 
mean determinations. 

transport may be produced in rats when 
they are treated with acetoxycyclohexi- 
mide, another potent inhibitor of pro- 
tein synthesis (6). The administration 
of acetoxycycloheximide (0.2 mg per 
kg) and, 3 hours later, 1.5 ml corn oil 
also results in pronounced intestinal 
mucosal lipid accumulation together 
with low concentrations of plasma tri- 
glycerides. Six hours after administra- 
tion of corn oil the means of the plasma 
triglyceride concentrations are only 13 
mg per 1)00 ml. 

This defect in the absorption of lipid 
produced by inhibitors of protein syn- 
thesis did not depress other transport 
processes. Thus the oral administration 
of glucose (400 mg) to rats resulted in 
a normal rise of blood glucose. Similar- 
ly, the doses of puromycin did not de- 
press the uptake of C(4-alanine by in- 
testinal slices. There was no evidence 
that the inhibition of fat transport by 
puromycin was secondary to cell dam- 
age. Ultrastructu-ral abnormalities were 
not observed in the intestinal epithelial 
cells of aninmals treated with as much 
as 60 mlg puronmycin over 8 houtrs; in 
fact the intracytoplasmic lipid droplets 

Table 1. Effect of puromycin on C'4-palmitate 
esterification to glycerides and on palmitate 
thiokinase by microsomes of rat intestinal 
nmucosa. For assay of C'4-palmitate esterifica- 
tion microsomes were isolated (10) and in- 
cubated as described (11). Thiokinase activity 
was assayed by the formation of palmitate 
hydroxamate (9). 

C'4-palmitate. _Pa_itat 
GIoup esterified thioine de to glycerides*' thiokiase 

(mrnmole/mg) (m,mole/mg) 

Normal 59 280 

Puromnycin 
(20 mg) 52 250 

* 70 mnjomole C(4-palmitate present in incubation 
system, . i2 unmole palmitate in 1 percent 
albumin present in incubation system. 

115) 

were surrounded by well-formed mem- 
branes similar to those described by 
Palay and Karlirn (7). 

In normal absorption of fat from the 
intestine at least three processes can 
be defined; (i) uptake of lipid from 
the lumen into the mucosal cells; (ii) 
esterification of the absorbed fatty acids 
(or monoglycerides) to triglycerides; 
and (iii) formation of chylomicrons 
and their entry into the lymphatic sys- 
tem. 

In considering which of these three 
mechanisms might take part in the lipid 
blockade produced by inhibition of 
protein synthesis, a defect in uptake 
seemed unlikely as a primary event 
since accumulation was in fact the most 
prominent feature. If the lipid accumu- 
lation was due to a decrease in the 
enzymes necessary to convert fatty acids 
to triglycerides, one would expect the 
lipid retained within the cells to consist 
mostly of fatty acid. This, however, was 
not the case; the analysis of the nu- 
cosal lipid by thin-layer chromatog- 
raphy revealed that it was predominant- 
ly triglyceride. Further evidence for 
normal esterification by miucosal en- 
zymes was obtained by studies in 
vive. 

Rats were fasted for 24 hours and 
then given puromycin intraperitoneaIly 
every hour for 4 hours. They were then 
anesthetized and given 5 Pc of C14- 
palmitate in 10 percent Tween 80 di- 
rectly into the duodenum. The animals 
were killed 15 minutes later, and the 
mucosal lipids were extracted (8) and 
isolated by thin-layer chromaatography. 
In the normal mucosa 78 percent of the 
C"T was in triglyceride and in the puro- 
mycin-treated animals 76 percent of the 
label was also in this fraction. 

Final evidence for normal lipid es- 
terification was obtained with experi- 
ments in vitro. Esterification of fatty 
acids to triglycerides is catalyzed by en- 
zymes in the microsomal fraction of the 
mucosal cell (9). The initial step in this 
process includes the activation of the 
fatty acids to their acyl-coenzymne A 
derivatives by a thiokinase. Both the 
conversion of palmitate to palmityl 
coenzyme A and the overall esterifica- 
tion of palmitate to triglyceride were 
measured in microsomes of intestinal 
mucosa. In the animals treated with 
puromycin (20 mg) there was no sig- 
nificant reduction in either the overall 
esterification of C14-palmlitate to triglyc- 
eride or the conversion of palmitate to 
palmityl-coenzyme A (Table 1). Thus 
the block in intestinal lipid transport 

produced by puromycin is probably in 
the final phase of absorption-namely, 
in the assembly of the chylomicron 
particle. 

The intestinal mucosa can synthesize 
lipoproteins, including those in chylo- 
microns (12), and puromycin effective- 
ly inhibits mucosal lipoprotein forma- 
tion (13). There is still considerable 
debate, however, as to whether the pro- 
teins in lymph chylomicrons belong to 
the alpha or beta group of lipoproteins 
(12). In the present experiments elec- 
trophoresis (14) showed a marked de- 
crease in 3-lipoproteins of the plasma 
at a dose of puromycin (10 to 15 mg) 
which did not produce demonstrable 
changes in plasma a-lipoproteins. Thus 
the turnover of i3-lipoproteins may be 
more rapid, and, in conjunction with 
the mucosal lipid accumulation, would 
support the concept that fl-lipoproteins 
are more intimately related to fat ab- 
sorption than are a-lipoproteins. Fur- 
ther evidence is the fact that patients 
with a congenital deficiency of a-lipo- 
proteins have no impairment of fat ab- 
sorption (15). 

Puromycin influences the accumula- 
tion of lipid in other organs, especially 
liver. Robinson and Seakins produced 
a fatty liver in rats given this agent and 
noted a reduction in the synthesis of 
plasma lipoproteins by liver slices from 
puromycin-treated rats (16). They 
reasoned that the lipid accumulation 
was secondary to defective lipoprotein 
synthesis. 

Finally, as mentioned already, the 
experimental observations cited resem- 
ble findings in the human disorder 
known as congenital or hereditary i- 
lipoprotein deficiency. In this disease 
there is a reduction in all plasma lipids, 
impaired fat absorption, and pro- 
nounced accumulation of lipid within 
mucosal epithelial cells, even when the 
patient is in the fasting state. The mor- 
phologic appearance of the intestinal 
mucosa in the human disease and under 
the conditions of puromycin or acet- 
oxycycloheximide administration in our 
experiments is almost identical with 
both the light and electron microscopes. 
Thus it would appear that proteins are 
not only essential for the transport of 
lipids in the vascular system but also 
for the movement of lipids within the 
mucosal wall and for their normal entry 
into the lymphatic system. 

SEYMOUR M. SABESIN 
KURT J. ISSELBACHER 

Department of Medicine, 
Massachusetts General Hospital, Boston 
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Bacteria on Leaf Surfaces and 
in Intercellular Leaf Spaces 

Abstract. Ultraviolet irradiation kills 
bacteria on the leaf surface but not 
those in the intercellular leaf spaces. 

Plant leaves provide habitats for 
saprophytic microorganisms and infec- 
tion courts for various plant pathogens. 
This ecologically neglected environment 
has been called "the phyllosphere" (1). 
One of the problems in a study of this 
environment is the determination of 
which microbes occur on the surface 
of the leaf and which occur in the 
intercellular spaces, such as the sub- 
stomatal chambers. 

The number of viable cells of Xan- 
thomonas phaseoli var. sojensis re- 
covered from intact soybean leaves 
steadily decreased for 12 hours after 
inoculation and washing (Fig. 1A). How 
many of the original number of viable 
cells were on the surface, and how many 
were in the intercellular spaces of the 
leaf? Perhaps the decrease in number 
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steadily decreased for 12 hours after 
inoculation and washing (Fig. 1A). How 
many of the original number of viable 
cells were on the surface, and how many 
were in the intercellular spaces of the 
leaf? Perhaps the decrease in number 
for the first 12 hours was a reflection 
of the death rate of those bacteria on 
the surface, particularly since X. phase- 
oli var. sojensis has a rapid death rate 
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on drying and exposure to air (Fig. 1C). 
When leaves were treated with ultra- 
violet light (UV) for 15 minutes, there 
was an initial decrease in the number 
of viable cells that was followed by a 
continuous increase (Fig. 1B). 

Cultures of X. phaseoli var. sojensis, 
a pathogen of soybean, and Serratia 
marcescens, a saprophyte in soil and 
water, were cultured on nutrient agar. 
Soybean plants (Glycine max var. Black- 
hawk) were grown in a greenhouse. 
Leaves were inoculated by spraying a 
suspension (108 cells/ml) on the under- 
surface which had first been sprayed 
with water until the intercellular spaces 
were filled (water-soaked). After 5 min- 
utes the inoculated leaves were thor- 

oughly rinsed with running water. 
Numbers of viable bacteria were de- 

termined by grinding a disk (12 mm) 
of leaf tissue against the side of a test 
tube with a stirring rod and making 
culture plates at appropriate dilutions. 
Colonies representing the number of 
viable cells were well separated from 
fragments of leaf disks. 

Ultraviolet light was applied with a 
General Electric G30T8 germicidal 
lamp at a distance of 46 cm (a dosage 
of approximately 3000 ergs sec-1 
cm-1). 

Ultraviolet light has little penetrating 
capacity and should kill microorganisms 
on the surface of the leaf before killing 
those in the intercellular spaces. With 
increasing exposure to UV the total 
number of viable bacteria should de- 
crease for a time (indicating the death 
rate for those on the surface) and then 
remain constant with prolonged ex- 

posure (indicating the number of bac- 
teria in intercellular spaces and pro- 
tected from the UV). The number of 
viable cells of X. phaseoli var. sojensis 
and S. marcescens applied by inocula- 
tion to soybean leaves decreased rapidly 
with exposure to UV for 15 minutes 
and then remained constant with pro- 
longed exposure (Fig. 2, B and C). Vi- 
able cells of the naturally occurring 
bacterial flora in uninoculated but water- 
soaked leaves responded in a like man- 
ner (Fig. 2E). 

The cells surviving prolonged treat- 
ment do not represent bacteria resistant 
to UV, since cells of X. phaseoli var. 
sojensis suspended in water to a depth 
of 1 mm are rapidly killed by exposure 
to UV (Fig. 2D). And that the leaf 

on drying and exposure to air (Fig. 1C). 
When leaves were treated with ultra- 
violet light (UV) for 15 minutes, there 
was an initial decrease in the number 
of viable cells that was followed by a 
continuous increase (Fig. 1B). 

Cultures of X. phaseoli var. sojensis, 
a pathogen of soybean, and Serratia 
marcescens, a saprophyte in soil and 
water, were cultured on nutrient agar. 
Soybean plants (Glycine max var. Black- 
hawk) were grown in a greenhouse. 
Leaves were inoculated by spraying a 
suspension (108 cells/ml) on the under- 
surface which had first been sprayed 
with water until the intercellular spaces 
were filled (water-soaked). After 5 min- 
utes the inoculated leaves were thor- 

oughly rinsed with running water. 
Numbers of viable bacteria were de- 

termined by grinding a disk (12 mm) 
of leaf tissue against the side of a test 
tube with a stirring rod and making 
culture plates at appropriate dilutions. 
Colonies representing the number of 
viable cells were well separated from 
fragments of leaf disks. 

Ultraviolet light was applied with a 
General Electric G30T8 germicidal 
lamp at a distance of 46 cm (a dosage 
of approximately 3000 ergs sec-1 
cm-1). 

Ultraviolet light has little penetrating 
capacity and should kill microorganisms 
on the surface of the leaf before killing 
those in the intercellular spaces. With 
increasing exposure to UV the total 
number of viable bacteria should de- 
crease for a time (indicating the death 
rate for those on the surface) and then 
remain constant with prolonged ex- 

posure (indicating the number of bac- 
teria in intercellular spaces and pro- 
tected from the UV). The number of 
viable cells of X. phaseoli var. sojensis 
and S. marcescens applied by inocula- 
tion to soybean leaves decreased rapidly 
with exposure to UV for 15 minutes 
and then remained constant with pro- 
longed exposure (Fig. 2, B and C). Vi- 
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Fig. 1. Number of colonies of X. phaseoli 
var. sojensis from intact soybean leaves 
after inoculation and incubation. A, With- 
out exposure to UV; B, with 15 minutes 
exposure to UV immediately prior to 
counting; C, the death rate of the organ- 
ism after drying and exposure to air on 
disks on aluminum foil. 
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Fig. 2. The effect of UV on (A) the surviv- 
al of X. phaseoli var. sojensis in soybean 
leaves when the side opposite to that 
which is inoculated is irradiated and when 
(B) the inoculated side is irradiated. (C) 
Survival of S. marcescens in soybean 
leaves when the inoculated side is irra- 
diated. (D) Survival of cells of X. phaseoli 
var. sojensis when suspended in water and 
irradiated. (E) Survival of naturally oc- 
curring bacterial flora in soybean leaves 
when both sides of the leaf are irradiated. 
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