ethyl alcohol containing 10 percent HCI
(wt./vol.). This solution was concen-
trated to dryness on a water bath, re-
dissolved in a small amount of 6N HCI,
and heated at 100°C for 1 hour to hy-
drolyze the conjugate. The resulting solu-
tions were subjected to the BaNO, test
(8) for sulfate ion. This test was con-
sistently positive with the compound be-
lieved to be the azo pyrryl sulfate, and
negative with the azo pyrryl glucuronide
from bile. After hydrolysis of the glu-
curonide followed by paper chromatog-
raphy of the reaction mixture and elu-
tion with ethanol-HC1 (9), glucuronic
acid was demonstrable by Dische’s
method (10).

Apart from strictly chemical consider-
ations, a bilirubin sulfate is of special
interest in the demonstration of another
conjugate of bilirubin with an acid radi-
cal characterized by a change in the van
den Bergh reaction from indirect to
prompt direct, of the type observed in
the bile and in blood serum from pa-
tients with “regurgitation” jaundice.
Billing et al. (5) observed that the con-
jugated bilirubin from bile is readily
converted to free bilirubin in 0.06N
NaOH at room temperature. They
noted, however, that a small fraction was
stable to this treatment, behaving as
though it were a different type of conju-
gate. The present bilirubin sulfate is also
unaffected by this treatment. Neverthe-
less, an azo pyrryl compound with R;
corresponding to the sulfate has not thus
far been encountered in bile or samples
of blood serum, and thus it cannot be
stated that the small fraction of alkali-
stable, direct-reacting bilirubin observed
by Billing is a sulfate. The fact that the
bilirubin sulfate is alkali-stable, as com-
pared with the glucuronide, may indicate
that the conjugation is through the OH
rather than the COOH groups, the latter
being conjugated in the glucuronide (6).

Despite the failure, at least thus far, to
observe the R; of bilirubin sulfate on
paper - chromatograms-of. natural mate-
rial (bile and blood serum), it is recog-
nized that at least under certain circum-
stances complexes of bilirubin with acid
radicals other than glucuronic acid might
be responsible for a prompt, direct diazo
reaction (11). ,

o C. J. Warson
Department of Medicine, University of
Minnesota Hospitals, Minneapolis
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Possible Involvement of
Lipids in Protein Synthesis

Since the pioneering observations of
Caspersson () and Brachet (2) some
17 years ago on the coincidence of loca-
tion of ribonucleic acid and protein-syn-
thesizing ability, an impressive number
of correlative observations has accumu-
lated (3). Because of the sheer weight
of this information, one is compelled to
recognize that, in general, the mainte-
nance of protein synthesis is dependent
upon the integrity and, in some cases,
upon the dynamic state of the ribonu-
cleic acid.

The number of papers appearing in
the literature pertaining to the possible
role of ribonucleic acid in protein syn-
thesis has followed an almost autocata-
lytic curve, such that in the first decade
after the initial observations compara-
tively little was done or said about the
relationship. The emphasis, however, has
continued to grow at an increasing rate,
so that at present, practically all work
in the field includes some observation
which is interpreted in terms of the an-
ticipated close relationship. At present
ribonucleic acid is given the role of
template (4), amino acid carrier (5),
and activator (4).

The danger in this trend is in the pos-
sibility that it may tend to overshadow
and obscure other aspects of the prob-
lem of protein synthesis. The fact that

microsomal material of a wide variety
of cells appears to be the most active
component with respect to protein syn-
thesis (amino acid incorporation) and
that the major part of the cellular ribo-
nucleic acid is also contained in this
structure is often cited in favor of the
ribonucleic acid—protein relationship. It
is often overlooked, however, that most
of the cytoplasmic lipid is also in this
structure and, interestingly enough, ac-
counts for about 5 times as much of the
total weight as the ribonucleic acid (6).
A substantial group of observations
supporting a ribonucleic acid—protein re-
lationship is based on the fact that pre-
liminary NaCl extraction or ribonuclease
treatment strongly inhibits amino acid
incorporation in cells and cell fragments
(3). It has been similarly observed that
in the hen oviduct, purified lecithinase A
(7), lysolecithin (7) and deoxycholate
have a very potent inhibitory effect on
amino acid incorporation (Table 1).
Coenzyme A and cytosine triphosphate
have been shown to be actively involved
in the biosynthesis of lipids (8). Stimu-
lation of incorporation of amino acids
into protein has been observed in the
hen oviduct upon the addition of CoA
and cytosine triphosphate (9). These
findings may be the result of a quite
indirect relation in the over-all metabo-
lism of the cell, as is also true in most
of the observations linking ribonucleic
acid to protein synthesis. In experiments
reported in this paper (I10) it has been
observed that after a few minutes’ incu-
bation the chloroform-soluble lipid frac-
tion of hen oviduct contains relatively
large amounts of radioactivity compared
with the amount which is entering the
proteins or is associated with the nucleic
acids. For example, after a 10-minute
incubation of a hen oviduct mince with
phenylalanine, in which the total cold
trichloroacetic acid soluble radioactivity
within the cell was 390,000 count/min,
the total proteins contained 11,200
count/min, the total nucleic acids (solu-
ble in 5 percent trichloroacetic acid at

Table 1. Effect of lipolytic agents and ribonuclease on phenylalanine-3-C* incorporation

in hen oviduct mince.

Total
Conditions for 5-min Medium - count/min Percentage
pretreatment concentration® incorporated inhibitiont
in 10 min
Control (no additions) 17,200
Lecithinase A 70 ug/ml 9,000 48
Lysolecithin 210 pg/ml 7,150 59
Deoxycholic acid 0.5%% 4,600 73
Ribonuclease 210 pg/ml 12,600 34

* These figures are based on the total liquid volume in the incubation and do not indicate the internal

concentration of the cells.

+ These effects are not due to decreased ability of cells to take up amino acid.
I Since the solubility of deoxycholic acid in water is only 0.025 percent, the actual external concentration

was much lower.
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90°C in 15 minutes and two washes)
contained 800 count/min, and the total
chloroform-soluble lipids contained 9000
count/min.

The lipid-soluble radioactivity can
rapidly enter and leave the lipid frac-
tion and, on the basis of its partition be-
havior between aqueous and nonaqueous
solvents, cannot be in the free amino
acid form. Hydrolysis liberates the radio-
activity in the form of the administered
amino acid (alanine and phenylalanine).
Furthermore, the chloroform-soluble lip-
id fraction contains relatively large
amounts of bound amino acids, which
upon hydrolysis appear to represent
most or all of the common amino acids.

During the past 7 years there have
been a number of reports of amino acid
and peptide components of lipid frac-
tions (/7). Since peptides are noticeably
absent in the aqueous part of the cell,
it is unlikely that they are carried over
into the lipid fraction as an artifact.
Folch and Lees (I2) have described a
class of proteolipids characterized by
their occurring as a white fluff when a
solution of a chloroform-methanol ex-
tract of tissue is allowed to equilibrate
with water. Material having similar
characteristics accounts for a major por-
tion of the lipid-soluble radioactivity ob-
tained when hen oviduct is incubated
with radioactive amino acid. In the past
several years many intensive efforts have
been made to find protein precursor ma-
terial presumably of peptide nature.
These efforts have generally met with
failure. Since lipid-soluble materials
were eliminated in most of these at-
tempts, it would seem worth while to
reconsider the possibility that such pre-
cursor material may be concentrated in
this hitherto ignored fraction.

Several theoretical aspects would
make the consideration of a lipid par-
ticipation in protein synthesis seem

worth while. The microsomal mem-
branes present an extensive oriented lipid
surface within the cytoplasm. Since it
would appear that amino acids may
occur in a lipid-soluble complex, it
would seem that an efficient means of
rapid amino acid accumulation at sites
of synthesis may be accomplished by the
structure. Furthermore, the energy con-
siderations in the condensation of two
amino acids to form a peptide bond with
the concomitant splitting out of water
would favor a medium of low water
concentration.

The present arguments do not in any
way detract from the apparent relation-
ship of ribonucleic acid and protein syn-
thesis but are intended to show another
possible aspect in the over-all problem.

Ricaarp W. HENDLER
Laboratory of Cellular Physiology and
Metabolism, National Heart Institute,
Bethesda, Maryland
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Measurement of the Permeability
of the Two Surfaces
of a Living Membrane

Recent studies have demonstrated ac-
tive sodium transport by the isolated
toad bladder (). Histologically, toad
bladder consists of a single layer of mu-
cosal cells supported on a thin layer of
connective tissue containing the blood
supply to the tissue and occasional small
bundles of smooth muscle. Most of the
outer bladder surface has a serosal cover.

When this tissue is mounted as a mem-
brane separating two halves of a Lucite
chamber, it can be shown that sodium is
actively transported from the solution
bathing the mucosal surface to that bath-
ing the serosal surface—that is, in the
direction of reabsorption from the blad-
der urine. Under anaerobic conditions,
active sodium transport continues, al-
though at a lesser rate than in the pres-
ence of oxygen, and this transport is asso-
ciated with glycolysis. The lactic acid
formed from the glycogen within the
membrane does not distribute itself
equally about the two surfaces of the
membrane, but, regularly, much more
accumulates in the medium bathing the
serosal surface than in the medium
bathing the mucosal surface. This dis-
tribution of endogenous lactate is not in-
fluenced by the pH of the medium on
the two sides of the membrane or by the
transmembrane electrical potential. This
distribution is not dependent on the con-
commitant transport of sodium ions, for
it occurs even when the medium is a
choline or magnesium Ringer devoid of
sodium. A similar distributon of lactate
has been demonstrated about the mu-
cosa of the rat intestine in vitro by
Wilson (2).

Although more lactate accumulates in
the serosal bathing medium than in the

mucosal medium, the concentration of
lactate is even higher in the tissue water
than in the bathing medium. The sim-
plest explanation for the distribution of
lactate in the bathing medium is that
the mucosal surface is less permeable to
lactate than the serosal surface and
hence more lactate diffuses out through
the latter than through the former.

Figure 1 is a schematic representation
of a segment of the bladder wall. The
two parallel vertical lines represent the
mucosal and serosal surfaces of the mem-
brane, respectively (actually, probably
the opposite faces of the mucosal layer
of cells); k, and k, are the respective
permeability coeflicients of these two sur-
faces; C,, Cp, and C; are the concentra-
tions in mucosal medium, membrane
water, and serosal medium of any sub-
stance whose permeation is being studied
—in this case, lactate.

The generalized equation for the uni-
directional flux, A, per unit time for a
substance whose concentration on one
side is C, across a unit area of membrane
containing n separate diffusion barriers
is:

_C k1'k2~k3-.‘.kn
- (k1+k2) (kg“"ka) e (kn—1+kn)
(1)
The requirement for passive diffusion
across any barrier is that the respective
value of k be the same in both directions.
If any process in the membrane facili-
tates the movement of the test substance
in any manner in one direction across the
diffusion barrier, this distinction must be
recognized, and the resulting different
values of k for the two directions must
be used in this equation.

In the case of lactate formed within
the membrane, there must exist at least
the two diffusion barriers depicted in
Fig. 1. The net flux, N, of lactate from
mucosal to serosal surface is simply

M

_ B k- ks
N=(CmC) e (2)
However, there must also exist a trans-
membrane  permeability  coefficient,
K ans such that
N:(Co—Ci)Ktr:\ns (3)
Therefore,
_kike
K= 2t 4)

By adding a tracer amount of radio-
active CGl%-labeled lactate to the medium
bathing one surface, let us say the mu-
cosal side, and measuring its rate of ap-
pearance on the opposite side, Ky, 4,4 can
be directly evaluated over successive
periods. After several periods during
which the constancy of flux rate indicates
that a steady state has been achieved,
the experiment is terminated, and the
membrane is rapidly weighed and ho-

SCIENCE, VOL. 128



