1080

12 h of incubation, is in agreement with the results of
Jounit Urrro! and Jurxa Urrrto™. The continuous pro-

gress in the incorporation of C-proline was in accordance,

to the experiments of YEP et al.15. It is possible that pro-
tocollagen proline hydroxylase was inactivated before the
incorporation of “C-proline was finished. The pH de-
pendency of the incorporation and hydroxylation and the
same optimal pH value was found earlier in studies of dif-
ferent connective tissues?s 1431, This indicates a similarity
between the metabolic processes under study 8.

Zusammenfassung. Mit Bakterien im Inkubationsme-
dium wurde eine 10-bis 15-fache Erhéhung der *C-Prolin-
Inkorporation und eine stimulierende Wirkung der 4C-
Hydroxyprolin-Synthese gefunden. Diese Beobachtungen
zeigen, dass sterile Bedingungen notwendig sind, um fal-
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sche Schlussfolgerungen durch die Untersuchung des
Kollagenmetabolismus mit 1C-Prolin-Bildung in vitro zu
vermeiden.

R. MANTHORPE

Med. Department C, Amissygehuset ¢ Gentofte,
Niels Andersensvej 65, DK—2900 Hellevup and
The Connective Tissue Reseavch Labovatory,
Deymaiologic Depayiment H, Rigshospitalet,
Copenhagen (Denmark), 26 February 1973.
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15 P. Yep, S. GurLLanper and R. B, RUCKER, Experientia 28, 508
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Evidence for the Excretion of 2-Phenylethylamine Glucuronide in Human Urine?

The presence of 2-phenylethylamine (PEA), as a
normal constituent of human urine, was first reported by
JePsoN et al. 2. Its levels are of medical interest because it
is increased in phenylpyruvic oligophrenia® and in the
manic phase of manic depressive psychosis 4, and decreased
in patients with endogenous depression®-7. The identity
of PEA in human urine?, brain®, and in peripheral
organs?® has been ascertained by us using a variety of
procedures e.g., UV-, mass and IR- spectroscopy. Its
occurrence in animals other than man has been reported
by others and ourselves using UV-11:12, mass and IR-
spectroscopy®® and by gas-liquid chromatographic pro-
cedures4. However, little is as yet known about the
metabolism of PEA in vivo. More recently, BouLron and
MmLwarD® found that in addition to free PEA, human
urine contains conjugated forms of PEA: the nature of
the conjugates is unknown. In this paper, we report
evidence for suggesting that at least one form of the
PEA conjugate excreted in human urine is §-PEA
glucuronide. :

Matevials and methods. Morning urine sample (100 to
300 ml) from healthy, non-medicated human volunteers
were collected into plastic vials containing 5 ml of a 1%,
solution of benzalkonium chloride, and used shortly after
collection. Urine samples obtained from 10 subjects were
pooled before experiment, and lots of 100 ml of urine were
used in each determination.

After bringing the urine pH to 12.5 with 1 N NaOH,
excess 15 ml 1 N NaOl were added to maximize the
removal of amines other than PEA. Free PEA was
extracted from the urine into 100 ml spectrograde n-
hexane. The PEA in the organic solvent was then
extracted into 10 ml 0.8 N HCI; 9 ml of this acid extract
were used for the quantitative determination of PEA
using the method of MosNaTM and INwaANG™,

To diminish the possibility of urinary glucuronidase
interfering with the assays, urinary enzymes were
inactivated by incubating the urine samples at 65°C for
1/, h in a water bath. The urine samples were then cooled
to room temperature and filtered through Whatman
No. 4 filter paper. The filtrate was divided into 3 aliquots
to be used in the following experiments: a) extraction
and determination of free PEA as described above, fol-
lowed by acid hydrolysis (addition of concentration HCI
and heating in a water bath at 100°C for 30 min) of the
conjugate substances remaining and subsequent extraction
and determination of the PEA freed by this hydrolysis
(conjugated PEA); b) acid hydrolysis {(as described

above) of the urine followed by extraction and deter-
mination of PEA (free and conjugated); c) extraction and
determination of PEA from urine samples treated with
f-glucuronidase as follows: 100 ml lots of the urine
sample were brought to pH 5.3 with acetate buffer. 5 ml of
a 59, solution of f-glucuronidase (50,000 units; K & K
Labs.) in sodium acetate buifer were added, and the
flask was incubated with shaking for 1 h in a water bath
maintained at 37°C. Enzyme activity was stopped by
adding 10 ml of 2 3/ NH,OH.

Results and discussion. As shown in the Table, total PEA
(free and conjugated) obtained after acid hydrolysis
(551 pg/l) was almost identical to the sum of the free and
conjugated forms of PEA obtained separately (568 ug/l)
and was also similar to the value obtained (515 ug/l)
when g-glucuronidase was substituted for HCl in the
hydrolysis, indicating that most urinary conjugated PEA
exist as its g-glucuronide. The observed excretion rates
for free PEA were comparable to those obtained by other
investigators using a fluorometric method?* (mean
336 pg/24 h; range 105-775) and gas chromatography®
(mean 450 pg/24 h; range 116-1420). Lower values were

1 This work was supported by grants from the State of Illinois,
Department of Mental Health No, 310-11-RD. The authors wish to
thank Dr. H. C. Sazerr1 for useful discussion of the manuscript.

2 J. B. JepsoN, W. LovenBERG and P. ZavTMaN, J. Biochem. 74, 5p
(1960).

3 J. A. Oatss, P. Z. NIRENBERG, J. B. JEPSoN, A. SJoERDSMA and
S. UpENFRIEND, Proc. Soc. exp. Biol. Med. 772, 1078 (1963).

4 B, FiscHER, H. Spatz, B. HerLer and H. ReGeIANI, Experientia
28, 307 (1972). R

5 B, FiscHER, B. HELLER and A. N, Miro, Arzneimittel-Forsch. 78,
1486 (1968). ‘

6 A. A. Bourrox and L. Miwarbp, J. Chromat. 57, 287 (1971).

7 A. D. Mosnaim, E. E. INwaNG, J. H. SucerMAN, W. J. DEMARTINI
and H. C. Saserri, J. Biol. Psychiat., 6, 235 (1973).

8 B, E. Inwaxc and D. A. Mosnamv, Fedn. Proc. 37, 604 (1972),

9 E. E. InwaNG, A. D, Mosnaim and H. C. SaserL1, J. Neurochem.,
20, 1469 (1973).

10 A. D. MosnamM, E. E. INwang, Analyt. Biochem., in press (1973).

1T, Nakajima, Y. Kakivoro and I. SanNo, J. Pharmac. exp. Ther.
743, 319 (1964).

12 A D, Mosnamm and H, C. SaseLLr, Pharmacologist 73, 283 (1971).

13 D, M. Jackson and D. M. TemprE, Comp. gen. Pharmac. 7, 155
(1970).

14 D, J. Epwarbs and K. Brau, Analyt. Biochem. 45, 387 (1972).

15 E, E. RoprRIGUEZ Casawova and R. FErNANDEz, Ann. Biol.
Psychiat. 7, 5 {1872).



15.9.1973

Experimental condition PEA g/l urine
mean® 4 S.E,
a)  Urine extracted without acid hydrolysis
(free PEA) 292 + 45
Urine extracted after acid hydrolysis
(conjugated PEA) 276 £ 62
b)  Urine extracted after acid hydrolysis
(free + conjugated PEA) 551 4 78
¢)  Urine extracted after incnbation with
glucuronidase {free PEA + PEA glucuronide) 3515 - 69

2 Average of 5 replicates.

reported nsing the PEA-alloxan fluorometric technique®
(mean 47 upg/24 h, range 5-167). Values for urinary
conjugated PEA levels are not available in the literature.

Recovery studies indicated that over 959, of the free
PEA was removed from the urine after a single n-hexane
extraction; a second extraction yielded less than 5%
more free PEA. However, after the extraction and
removal of free PEA from the urine, and the conjugated
substances alone were subjected to either acid hydrolysis
or incubated with g-glucuronidase under the conditions
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previously described, additional quantities of PEA were
extractable in each case which accounted for approxi-
mately 50%, to 609, of the total PEA (free plus conju-
gated). In most urine samples, the PEA values obtained
by acid hydrolysis of the conjugated substances were
similar to the values obtained by enzymatic hydrolysis.
However, in some urine samples, significantly highe-
values of conjugated PEA were obtained by acid hydrolyr
sis [69.8 + 15.7 Mean (of 5 replicates) - S.E.] than by
B-glucuronidase degradation [36.0 + 9.0 Mean (of 5
replicates) 4 S.E.]. These results led us to suggest that
PEA glucuronide is one of the major excretion products of
conjugated PEA, but there may be other forms, probably
ethereal sulfates or PEA associated with uric acid.

Zusammenfassung. Nachweis, dass. die Ausscheidung
von 2-Phenylaethylamin-Glucuronid im Urin von ge-
sunden Versuchspersonen zwischen 50 und 609 der
Gesamtmenge betragt.

E.E. INwaNG, P.U. MADUBUIKE, and A.D. MOSNAIM

Department of Pharmacology, The Chicago Medical
SchoolUniversity of Health Sciences, 2020 West Ogden
Avenue, Chicago (Illinois 60672, USA),

70 Novembeyr 1972.

On the Fractionation of Halophilic Enzymes with Ammonium Sulphate

The enzymes from extremely halophilic bacteria
require high salt concentrations for both activity and
stability -2, - The salt requirement for stability makes
purification of these enzymes a difficult task, since very
few methods can be applied successfully in the presence
of NaCl concentrations ranging from 3 to 53/. Ammonium
sulphate fractionation, perhaps the commonest procedure
in enzyme purification, is very difficult in the presence
of high concentrations of monovalent cations?. Different
ways of avoiding this difficulty have been reported in the
literature, mamely precipitation on the enzme after
removal of the NaCl, followed by renaturation by
dialysis against 50 NaCl3?; precipitation after removal
of the salt, protecting the enzyme under study with
substrates® 5, and direct precipitation with solid ammo-
nium sulphate starting with a crude extract in 2M
(NH,),50,5. The f{first procedure usually gives low
yields®*; the second can be applied only to enzymes
susceptible of protection by substrates or cofactors. The
results presented here show that considerable purification,
with reasonably good yields, of several halophilic enzymes,
can easily be attained by direct fractionation of a crude
extract in 50 NaCl with a saturated solution of ammo-
ninm sulphate.

The strain of Halobacievium cutivubyrum, the conditions
of growth, harvesting and washing of the cells, the pre-
paration of the cell-free extracts, the DN Aase treatment,
and the determinations of protein, were as previously
described7:8. The crude extract, in 0.05M Twis-HCI
buffer (pH 7.6), containing 5 NaCl and 1 mM EDTA,
was brought successively to the following concentrations
of ammonium sulphate: 2.6 M; 3.03M; 3.25M; 3.57M;
3.68M; 3.9M and 4.1M, by the addition of either
saturated ammonium sulphate solution (containing 1 mM
EDTA and adjusted to pH 7.0 with NH,OH) (fractions
P, to P,) or solid ammonium sulphate (Fractions Py and
P;). The concentration of the saturated ammonium

sulphate solution was taken as 3.9% since the fractiona-
tions (with the exception of the last one) were performed
at 0-5°C. The concentrations listed above correspond,
therefore, to 66; 77.6; 83.3; 92; 94.3; 1009, (at 0°C) and
100%, (at 25°C) saturation respectively. In-all cases the
addition of the ammonium sulphate was made slowly and
with efficient stirring. After an additional 10 min stirring
period, the suspensions were centrifuged for 20 min at
37,000 x g. The bulky red precipitates obtained from the
first and second fractions were washed with an (NH,),SO,-
NaCl solution of the appropriate concentration, centri-
fuged again, and the washings pooled with the original
supernatant fluids. All precipitates were redissolved in
1ml of the T#is-HCl- 5 NaCl- EDTA solution and used
as such for the enzyme assays. In some of the experiments
the saturated ammonium sulphate solution contained
0.3mM NADH. For the experiments with solid ammoninm
sulphate, the cell-free extract was dialysed overnight
against 100 volumes of 0.05M T¥is-HC] buffer (pH 7.6)
containing 23 (NH,),SO, and 1 mM EDTA, and then
the dialysed extract was brought to the same ammonium
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