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was not affected, precluding the interpretation that the tumour
exhausted an essential component of the medium. This possi-
bility is further made unlikely because liver explants cultured
in the presence of tumour tissue consistently increased in total
mass and protein by 15-209%,, whereas controls did not.

All culture dishes containing Walker carcinoma (and those
serving as controls) were supplemented with additional 2 mM
glutamine (in view of the high glutaminase content of tumours)
and with hydrocortisone (0.4 pg ml—). The inhibitory effect
of the tumour on the rate of enzyme accumulation in the liver
explants did not depend on the presence of the corticoid in the
medium; rather, in initial mixed culture experiments without
hydrocortisone, enzyme levels in the cocultured liver explants
were too low to be measured accurately.

Table 1 Enzyme development in 19-d foetal liver explants

Additions to culture medium

Daysin Foetal None Cortisol (0.4 pg ml—1)
culture age Injected Controls Injected Controls
TAT

0 19 0.03 0.03 0.03 0.03

i 20 — — — —

2 21 0.31 0.14 0.74 0.28

3 22 0.54 0.23 1.06 0.67

4 23 0.44 0.39 1.25 0.95

AAT

0 19 23.7 18.3 23.7 18.3

1 20 — — — —

2 21 48.2 30.0 64.3 42.0

3 22 66.5 41.8 78.1 62.7

4 23 60.5 56.6 92.6 76.0

Arginase

0 19 26 21 26 21

1 20 37 13 62 47

2 21 90 32 142 90

3 22 83 59 217 158

4 23 70 71 248 174

Foetuses in one uterine horn were injected with 25 pg cortisol each,
24 h before their livers were explanted as described in the legend to
Fig. 1; non-injected foetuses from the other uterine horn served as
controls. Activities are given in units per g tissue.

To ascertain whether the inhibition of TAT and AAT
accumulation was tumour specific, foetal livers were cultured
in conditions identical to those described, but with mammary
tissue from a pregnant dam instead of tumour. The activities
of all three enzymes were always 10-20 % higher than in controls
(foetal liver explants alone). We cannot explain this observation;
however, a differentiating effect of mammary mesenchyme on
tumour tissue explants has been reported!.

The inhibitory effect of the tumour on the enzymatic matura-
tion of the liver explants was reversible and depended on the
continued survival of the tumour in culture. When the sponges
supporting the tumour tissue were replaced by empty sponges
on day 3 of culture, enzyme accumulation resumed at the rate of
controls. Similarly in some experiments in which the tumour
did not survive as long as the liver explants (as ascertained by
thymidine kinase activity measurements), accumulation of the
indicator enzymes resumed at the rate of controls.

Because the cultures containing the tumour had to be main-
tained in the presence of hydrocortisone to obtain detectable
enzyme levels in the cocultured livers, and all three enzymes
responded to the hormone with an increased rate of accumula-
tion in organ culture although two of them did not respond
in this way in utero, it seemed that the corticoid may serve
some nonspecific function in the system, perhaps the main-
tenance of tissue viability, similar to that of certain serum
factors’®. To test this possibility we injected each of several
foetuses in utero with 25 ug hydrocortisone 24 h before their
livers were explanted into media with and without hydrocorti-
sone. The results of a representative experiment (Tabie 1) show
that enzyme levels in cultures from 19-d-old foetuses which had
received hydrocortisone in utero were similar for 2-3 d in culture
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to those which were explanted from uninjected controls into
medium containing hydrocortisone. The rate of enzyme
accumulation in the injected samples then slowed, whereas
explants maintained on hydrocortisone with daily medium
changes continued to respond with the same rate of enzyme
accumulation; those injected and maintained on hydrocortisone
showed the greatest response, particularly arginase. When
foetuses were injected with hydrocortisone on day 16 of gesta-
tion and their livers were explanted 24 h later into media
with and without hydrocortisone, the injected hormone was
ineffective (data not shown). This argues against the possibility
that the injected hormone had some lasting, nonspecific effect;
rather it suggests that hydrocortisone has a specific inducing
effect if administered when the liver is competent to initiate
in utero the processes which culminate in enzyme production
in vitro.

Our findings suggest that the Walker 256 carcinoma produces
a diffusable factor (or factors) with an inhibitory effect on the
rate of accumulation of some, but not all, enzymes that develop
in embryonic liver maintained in organ culture. The effect is
specific for Walker carcinoma tissue and its maintenance
depends on the continued survival of the tumour in culture.
The apparent rapid inactivation of the factor(s) in this system
need not signify an inherent instability precluding its isolation;
serum factors that withstand remarkably harsh conditions dur-
ing their purification are known to be inactivated rapidly by
cells in culture'®. While the endocrine state of a tumour-bearing
animal is undoubtedly modified, our results show that Walker
carcinoma tissue exerts a readily measurable direct effect on
developing liver in organ culture, that is without the inter-
vention of endocrine changes. The system described is therefore
well suited as an assay for the isolation of the pertinent factor(s)
and for the study of its mechanism of action.

This work was supported by a grant from the US Public
Health Services.
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Mechanism for suppression of
cellular biosynthesis of prostaglandins

BrosynTHesis of prostaglandins (PGs) from unsaturated fatty
acid precursors involves a complex sequence of reactions that
seem to proceed rapidly in response to physiological stimuli.
Studies in vitro have revealed a capacity for biosynthesis greater
than would be expected from measures of tissue content'? or
daily prostaglandin (PG) production®. Biosynthesis requires

©1976 Nature Publishing Group



Nature Vol. 260 April 15 1976

release of esterified precursor from tissue lipids*?, and control
of the hydrolytic event may be a major means of controlling
PG biosynthesis (for example, in brain® or spleen’). Another
possible type of regulation is control of cyclo-oxygenase activity.
Many chemical agents have been examined as modifiers of the
PG-forming oxygenase (for example, reviews in refs 8 and 9).
The enzyme can be inhibited by fatty acids'® although they
appear only in limited amounts in the cytosol. In addition,
inhibition of the oxygenation reaction has been observed in
vitro with added glutathione peroxidase (GSP) and reduced
glutathione (GSH)'' ~1*. We have further investigated this form
of enzymatic regulation, and propose that it inhibits by
destroying an essential activator of the oxygenase which forms
the PGs and thromboxanes.

Supernatant (BSN) obtained from centrifugation of homo-
genates of bovine vesicular glands at 105,000¢ for 90 min gave
609, inhibition of oxygenation of arachidonic acid by bovine
vesicular gland microsomes, and 40%; inhibition of the activity
of an acetone powder preparation from sheep vesicular glands.
Since the bovine oxygenase showed only 129 of the specific
activity of that from sheep, and the supernatant from sheep
vesicular glands gave little inhibition of oxygenase preparations,
the most active inhibitory and oxygenating preparations were
used in subsequent experiments (Table 1). When sodium
cyanide, an inhibitor of PG synthesis'®-¢, was in the oxygenase
assay mixture at a concentration (0.5 mM) that gave about 459
inhibition of oxygenation in the absence of added BSN, a
synergistic inhibition was observed that was proportional to the
amount of BSN when < 0.1 ml of BSN was present, and was
complete with > 0.1 ml of BSN. The BSN was only about half
as inhibitory when additional GSH was omitted from the assay,
and did not inhibit the oxygenase when 1.0 mM N-ethyl-
maleimide (NEM, which combined with the necessary mer-
captan group of GSH) was added. Oxygenase activity could
also be recovered when NEM was added to a reaction mixture
several minutes after total inhibition by 0.1 ml of BSN. The
total extent of reaction before and after addition of NEM was
the same for all concentrations of BSN used, indicating that
the capacity of the oxygenase for production of PGs and
related derivatives was not irreversibly impaired by BSN.

When radioactive eicosatetraenoic acid (150 nmol) was
incubated with the oxygenase preparation, 69-74%, of the
product formed migrated with *H-PGF,, (R = 0.05-0.20)
and *H-PGE, (R; = 0.20-0.45) standards, 12-17%, with the
region associated with PGD,, PGG, and PGH, (R, = 0.30-
0.45) and 10-19%, with the hydroxy acid standard (R; = 0.45-
0.60). The relative amounts of product formed were similar in
the presence of GSH and the BSN with or without NEM
present. In the presence of 4 mM S,Cl,, 73-809%; of the product
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Fig. 1 Time-dependent destruction of the oxygenase activator
by BSN and GSP. Activator was generated from 65 uM arachi-
donic acid with 350 pg of sheep vesicular gland dioxygenase in
3 ml of 0.1 M Tris chloride at pH 8.5, containing 0.67 mM
phenol and NaCN, as indicated below. After 4 min of reaction
and cessation of oxygen consumption, 500 uM GSH and the
BSN or GSP solution were added. Then, after various times,
the oxygenase reaction was initiated by addition of 350 ug of
vesicular gland enzyme, and initial velocities were measured using
an oxygen electrode equipped with an electronic differentiator.
The value for the oxygenase velocity at 9 s is a measure of the
amount of activator!é18. (O, 0.5 mM NaCN + heat-treated GSP;
@, 0.5 mM NaCN-+120 U of GSP; [, 1.0 mM NaCN+150 U
of GSP; A, 0.5 mM NaCN+0.015 ml of BSN.

migrated with PGF,, (R; = 0.05-0.20) and 6-199%; with PGE,
(R; = 0.20-0.29) standards.

We have proposed'*!¢ that the oxygenase required a hydro-
peroxide activator and PG production may be inhibited by
removal of activator molecules by GSP. Figure 1 shows that
very low levels of either BSN or GSP destroy the activator in a
few minutes.

The inhibitory agent in the cytosol of bovine glands (BSN)
had several properties similar to those of the GSP purified from
rat liver'? or bovine blood*®. Both GSP and BSN were dependent
on added GSH for maximal inhibitory ability (and added NEM,

Table 1 Inhibition of sheep vesicular gland dioxygenase by BSN

Initial reaction conditions

After addition of dioxygenase

After addition of | mM NEM

Optimal velocity Extent Optimal velocity Extent
(umol O, min~! mg™") (umol 0,)  (umol O, min—* mg™) (umol O,)
Control 470 46 0 0
+50 ul BSN 430 41 50 7
+ 100 pl BSN 270 28 145 16
+0.5 mM NaCN 289 45 0 0
+0.5 mM NaCN+50 pl BSN 182 29 74 16
+0.5 mM NaCN+70 ul BSN 89 19 161 22
+0.5 mM NaCN+100 pl BSN 0 0 239 38
+0.5 mM NaCN+ 100 pl heat-treated BSN 222 32 124 12
+0.5 mM NaCN+ 100 ul BSN+1 mM NEM 318 47 0 0
+0.5 mM NaCN+ 100 ul BSN+no exogenous GSH 205 43 0 0
+0.5 mM NaCN at pH 7.0 420 42 0 0
+0.5 mM NaCN+70 pul BSN at pH — 7.0 277 29 17 22

BSN was obtained by homogenising 100 g of bovine seminal vesicles in 200 mi of 0.1 M Tris-HCl at pH 8.5. The homogenate was centrifuged

at 10,000g for 15 min and the supernatant was filtered through cheesecloth. ; 1
°C for later assay. Assays were made in 3.0 ml of 0.1 M Tris-HCI at pH 8.5 (except

resultant supernatant was removed and stored at —20

This supernatant was centrifuged for 90 min at 105,000g and the

where otherwise indicated the pH 7.0 buffer was 0.1 M EDTA) containing 0.67 mM phenol, 0.5 mM reduced glutathione, 65 M arachidonic
acid and other additions as indicated. Reaction was initiated by addition of 375 pg of phenol-activated sheep vesicular gland enzyme. After

3-5 min, 1.0 mM N-ethylmalemide was added to the reaction mixturcs.

with an electronic differentiator.

Dioxygenase activity was monitored with an oxygen electrode equipped
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which removes GSH, eliminated inhibition by both); inhibitory
in a concentration-dependent manner; synergistic with NaCN
in the inhibition of PG formation; heat-labile and non-dialys-
able, destroying the activator of the oxygenase in a time-
dependent manner (Fig. 1).

BSN also appeared most effective as an inhibitor at or near
the pH optimum for GSP (pH > 8.5; see also refs
19-22). There was a slight difference in the amount of
(NH,),S0, required to salt the two inhibitors out of solution:
approximately 68 %/ of the total inhibitory ability of the BSN
precipitated from solution between 0.33 and 0.50 saturation
with (NH,),S0, whereas about 609 of the measured GSP
activity of rat liver supernatant was salted out between 0.45
and 0.65 (NH,),SO,. (Rat liver~GSP was obtained by extraction
of protein precipitated in ethanol at —25 °C (ref. 17), whereas
the BSN was a high speed supernatant and contained more
protein per ml than the liver preparation which could explain
the differences.) BSN, like GSP, catalysed the destruction of
cumene hydroperoxide in the presence of reduced GSH (8 U
peroxidase activity per pl of BSN—see ref. 18 for assay condi-
tions and definition of units).

The apparent K for GSH may vary greatly depending on
the initial steady-state concentration of the peroxide sub-
strate?®-23 suggesting that as the local physiological concen-
trations of hydroperoxide substrate approach 1uM the in
vivo level of GSH (usually between 100 uM and 5 mM (refs 24
and 25) may be close to its Km for GSP. Thus, metabolic
alterations of the intracellular concentrations of GSH within
this concentration range could alter directly the effective perox-
idase activity and thereby act as an intracellular modulator of
the activity of the fatty acid oxygenase(s) that form the PGs and
thromboxanes. Homogenisation of a tissue in vitro also gives
dilution of the cytosolic GSP and GSH to concentrations that
are less inhibitory than those in vivo.

Formation of PGs in vitro has been reported to be inhibited
in a dose-dependent manner by a component of the supernatant
obtained during the preparation of microsomes from bovine
seminal vesicles?®%7 and rabbit renal medulla®s, but the nature
of the inhibition was unclear. Inhibition by a soluble component
from tissue preparations may also be inferred from the data
from other studies with these and other tissues® —22 that is, total
product found in one or more of the PG fractions was signi-
ficantly less when supernatant was included in the assays.
Metabolic enzymes could lower accumulated levels of PG,
particularly where the assay involves measurement of final con-
centrations of PG products (for example, ref. 32).

Although there is insufficient evidence to propose that GSP
is the only inhibitor present in supernatant preparations, many
assays for PG biosynthesis have included levels of GSH > 0.2
mM (refs 28-31), and a GSP-like activity could account for
much of the inhibitor in supernatant reported in some of those
in vitro studies. The observed effectiveness of the GSH-
dependent peroxidase in blocking PG biosynthesis suggests that
it has a significant physiological role in the many cell types in
which it occurs. Thus, peroxidase activities could suppress PG
biosynthesis by destruction of the essential activator as it is
formed, so that (depending on the levels of peroxidase and
essential cofactor, GSH) some dioxygenase molecules are not
activated and therefore cannot participate in PG production.
A decreasing concentration of cellular GSH could be an
important means for cells to modulate cyclo-oxygenase activity
to give increased production of PGs and their related derivatives.
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a grant from the US National Science Foundation.

H. W. Cook

W. E. M. LANDS
Department of Biological Chemistry,
University of Michigan,
Ann Arbor, Michigan 41809

Received August 25, 1975; accepted February 17, 1976.

Nature Vol. 260 April 15 1976

* Jouvenaz, G. H., Nugteren, D. H,, Beerthius, R. K., and van Dorp, D. A.,
Biochim. blophys Acta, 202, 231—234 (1970).

2 Piper, P. J,, and Vane, J. R., Ann. N. Y. Acad. Sci., 180, 363-383 (1971).

3Hamberg, M Analyt. Blochem 55, 368—378 (1973)

4 La(nl%% N . E. M., and Samuelsson, , Biochim. biophys. Acta, 164, 426-429

5Vo(nl;eman, H., and van Dorp, D. A., Biochim. biophys. Acta, 164, 430-432

6 Wolfe, L. S. if in Advances in Neurochemistry, 1 (edit. by Agranoff, B. W,, and
Aprison, M. H.), 149 (Plenum, New York, 1975).

7 Danon, A., Ch ang, L. C. T., Sweetman, B. J., Nies, A. S., and Oates, J. A.,
Biochim. biophyx. Acta, 388 71-83 (1975).

8 Shen, T. Y., Ham, E. A., Clrxllo, V. ), and Zanetti, M., in Prostaglandin
Synthetase Inhlbn‘ors (edit. by Robinson, H. J., and Vane,.l R), 19-31 (Raven,
New York, 1974)

9 Gryglewski, R. J., in Prostaglandm Synthetase Inhibitors (edit. by Robinson,
H. J., and Vane, J. R.), 33-52 (Raven, New York, 1974

10 Pace-Asciak, C., and Wolfe, L. S., Bmchtm biophys. Acta, 152 784--787 (1968).

11 Smith, W. L., and Lands, W. E. , Biochemistry, 11, 3276—3285 (1972).

12 Lands, W, E. M., LeTellier, P. R. Rome, L. H, and Vanderhoek, J. Y., Adv.
BIOSCI 9, 15-28 (1972).

13 Lands, . E M., LeTelller, P R Rome, L. H., and Vanderhoek, J. Y., in

landin Sy s, (edit. by Robinson, H. J., and Vane,
R, 1-7 (Raven New York 1974).

14 Lands W. E. M., Cook, H. W,, "and Rome, L. H., in Advances in Prostaglandin
and Thromboxane Research 1 (edit. by Samuelsson, B., and Paoletti, R.),
7-17 (Raven, New York, 19

15 Le;[l'gl?;)r, P. R., Smith, W. L and Lands, W. E. M., Prostaglandins, 4, 837-843

16 Co((lllg(,7§§. W., and Lands, W. E. M., Biochem. biophys. Res. Commur., 65,464-471

17 Smith, W. L., and Lands, W. E. M., J. biol. Chem., 247, 1038-1047 (1972).

18 Cook, H. W.. and Lands, W. E. M., Can. J. Biochem. (m the press).

19 Pagha D. E, and Valentme, W. N., J. lab. clin. Med., 70, 158-169 (1967).

20 Mills, G. C., J. biol. Chem., 234, 502—506(1959)

21 O’Brlen P. J and Little, C Can. J. Biochem., 47, 493-499 (1969).

22 Flohé, L Loschen G., Gunzler,W A., and Elchele E., Z. physiol. Chem., 353,
987-999 (1972).

23 Little, C. Olinescu, R., Reid, K. G., and O’Brien, P. J., J. biol. Chem., 245,

3632-363 6 (1970).

24 Tietze, F., Analyt. Biochem., 27, 502-522 (1969).

25 Snvastava, S. K., and Beatler, E J. biol. Chem., 244, 9-16 (1969).

26 Takeguchi, C., Kohno, E., and Slh C.J., Blmhemutry, 10, 23722376 (1971).

27 Holland, J., Kérdsx L., and Jécsay,G Abstr. int. Conf. Prostaglandms 51(1975).

28 Rose, A. J and Collms T, Prostaglandms, 8, 271-283 (1974

29 Zlboh V. A McElligott, T and Hsia, S. L., Adv. Biosci., 9, 457—459 (1972).

30 Pennys, N. S Ziboh, V., Lord ., and Slmon, P., Nature 254 351-352 (1975).

31 Taij, H. H., Fedn Proc 34, 672, Abstr. 2570(1975)

32 Carpemer M. P., and Manmng, L. M., Fedn Proc., 34, 672, Abstr. 2575 (1975).

Evidence for the proximity
of sweet and bitter receptor sites

ALTHOUGH sweetness and bitterness are generally referred
to as two of the common or basic tastes, it is by no means
certain that they are, in fact, primary’. Furthermore, neuro-
physiological evidence has shown that response to several
of the basic taste stimuli can occur in a single taste cell’.
Much structural progress in the chemistry of sweetness has
been made in the past decade through Shallenberger’s hypo-
thesis®™® that the sweetness of sugars depends on hydrogen
bonds between the sugar molecule and receptor site. Our
previous work®™® has indicated that sugar molecules and
their simple derivatives are nearly always sweet, bitter or
bitter-sweet. Bitter—sweet sugar molecules, like certain arti-
ficial sweeteners such as saccharin, have both bitterness and
sweetness as intrinsic features of their molecules'’—neither
response can be altered by exhaustive stepwise purification
of such compounds®. Bitter-sweet sugar molecules appear
to be ‘polarised’ on taste receptors’ so that one end of the
molecule binds to sweet receptor sites and the other to
bitter receptor sites. It is not clear, however, whether these
molecules distribute themselves, some on sweet receptors

Fig. 1 Polarisation of methyl-a-pD-mannopyranoside 3.
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