208

Journal of Chromatography, 226 (1981) 208—212
Biomedical Applications
Elsevier Scientific Publishing Company, Amsterdam — Printed in The Netherlands

CHROMBIO. 978

Note

Rapid assay of spermidine synthase activity by high-performance liquid
chromatography

R.PORTA*, C. ESPOSITO" and O.Z. SELLINGER*

Laboratory of Neurochemistry, Mental Health Research Institute, University of Michigan
Medical Center, Ann Arbor, MI 48105 (U.S.A.)

(First received February 26th, 1981 ; revised manuscript received May 21st, 1981)

The final steps of spermidine and spermine biosynthesis involve the addition
of an aminopropyl group from S-methyladenosylhomocysteamine (decar-
boxylated S-adenosyl-L-methionine) to putrescine and spermidine respective-
ly [1—3]. The reactions, forming 5'-methylthioadenosine as a secondary
product, are catalyzed by two distinct synthases [4—7]. Thus far, studies
cencerning polyamine metabolism have addressed primarily the decarboxyla-
tions of ornithine and S-adenosylmethionine (SAM), which are considered the
rate-limiting steps in this metabolic process. Recent methodological improve-
ments, including techniques for the preparation of decarboxylated SAM as well
as for the separation of reactants from reaction products have provided impor-
tant information regarding spermidine and spermine synthases [8—10}. Our in-
terest in polyamines derives from our findings that brain levels of SAM are de-
creased prior to seizures elicited by a single adminisiration of the chemical con-
vulsant L-methionine-d,/-sulfoximine (MSO) [11]. This depletion of SAM is due
to its increased utilization via transmethylation reactions {12]. Since the deple-
tion of SAM levels by MSO could also limit the availability of decarboxylated
SAM, the precursor of spermidine, we decided to investigate polyamine bio-
synthesis in the MSO epileptogenic mouse brain. In this paper we describe a
rapid and economic high-performance liquid chromatographic (HPLC) method
for the separation and quantitation of spermidine formed upon incubation of
putrescine with a crude extract of mouse brain. This method thus permits the
rapid measurement of spermidine synthase (EC 2.5.1.16) activity.

*Present address: Department of Biochemistry, 1st Medical School, via Costantinopoli 16,
University of Naples, Naples, Italy.
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EXPERIMENTAL

Equipment

A Waters Model ALC/GPC-2G4 liquid chromatograph equipped with a Model
6000A high-pressure pump, a UBK loop injector and Model 440 absorbance
detector (254 nm) was used throughout the study. The chromatographic runs
were recorded on an Omniscribe recorder (Texas Instruments, Austin, TX,
U.S.A.). A pre-packed (30 X 0.4 cm 1.D.) uBondapak C,g (10-um particle size)
column (Waters Assoc., Milford, MA, U.S.A.) was used to separate the ben-
zoylated polyamines.

Materials

Putrescine dihydrochloride and spermidine trihydrochloride were from
Sigma (St. Louis, MO, U.S.A.). [1,4-'*C]Putrescine dihydrochloride (122 mCi/
mmol) and ['*C]spermidine (122 mCi/mmol) were from Amersham/Searle (Ax-
lington Heights, IL, U.S.A.). Decarboxylated SAM was kindly supplied by Dr.
G. Stramentinoli (Bio Research, Liscate, Italy). Al other chemicals were of
analytical grade quality.

Enzyme source

Brains from adult male Swiss—Webster mice (25—30 g) were homogenized
in 5 volumes (w/fv) of 25 mM potassium phosphate buffer (pH 7.2). The mix-
ture was centrifuged at 100,000 g for 60 min and the supernatant used as the
source of spermidine synthase. Protein content was measured by the method
of Lowry et al. [13].

Spermidine synthase assay

Unless otherwise stated a standard reaction mixture (0.5 ml) contained
0.1 M sodium phosphate buffer (pH 7.4), 0.05 mM putrescine, 2.0 uM [1,4-
14C] putrescine, 0.06 mM decarboxylated SAM and 2 mg of enzyme protein.
Blanks contained no decarboxylated SAM. After incubation at 37°C for 90
min the reaction was stopped by addition of 0.25 ml of 0.6 M perchloric acid.
After centrifugation (10 min at 10,000 g), the supernatants were subjected
to the benzoylation procedure and the extraction of the benzoylated poly-
amines as previously described [14,15]. The benzoylated polyamines were
dissolved in 200 gl of methanol and aliquots (50 ul) were injected onto the
uBondapak C,; column in order to separate puirescine from spermidine [15].
Elution was with 60% methanol (v/v) at a flow-rate of 2 ml/min. The quan-
titative determination of spermidine was carried out in the following two
ways: (a) by radiometric determination of the [!*C]spermidine formed from
[*C] putrescine. In this case the HPLC eluates were collected (0.8 ml/fracticn)
into scintillation vials and counted after addition of ACS (a tissue solubilizer—
scintillant mixture from Amersham/Searle), and (b) by measuring the increase
in UV absorbance (254 nm) of the spermidine peak with respect to the blank
(this correction is necessary when crude extracts, containing endogenous
spermldine are used as enzyme source). Calibration curves were generated by
using . [*2CT putrescme and spermidine in the presence of tracer amounts of
[*“C] putrescine and spermidine to determine recoveries for each polyamine.
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RESULTS AND DISCUSSION

¥ig. 1 illustrates a typical HPLC pattern of benzoylated polyamines as
derived from the enzymatic assay sample and its corresponding blank. The
separation of putrescine and spermidine was highly satisfactory and the HPLC
run was completed in 6 min. The increase in absorbance of the spermidine peak
as well as the appearance of a radioactive peak corresponding to spermidine
are well evident in the experimental sample. It should be noted that since the
sensitivity of the detection of the benzoylated spermidine by UV absorbance
is sufficiently high (about 0.1 nmol) it is possible to avoid, if desired, the use
of radio-labelled putrescine in the enzymatic assay. Fig. 2 shows the time
course of spermidine formation. The reaction was linear for up to 90 min using
the enzymatic assay conditions described in the text, whether spermidine
formation is determined radiometrically or by UV absorbance. Also, the reac-
tion was linear with up to 2 mg of protein in the reaction mixture (Fig. 3).
Fig. 4 shows the apparent K,, of the enzyme for putrescine. The apparent
K,, values (2.2 and 3.3 - 10°° M), calculated using either procedure of product
quantitation, are in good agreement with those previously reported for mam-
malian spermidine synthase [16,17].

The recent widespread interest in the aminopropyltransferase reactions has
led to various attempts to develop new and more rapid procedures for their in
vitro assays. Among the various assay procedures recently reviewed [16],
those using HPLC separation of polyamines require a flow cell for radioactivity
measurements of the formed spermidine or spermine and a total elution time
of at least 15 min for a single analysis [18,19]. Benzoylation appeared to be
a much simpler and economical tool for the derivatization, separation and
quantitation of polyamines produced in vitro upon incubation of the appro-
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Fig. 1. HPLC separation of the benzoyl! derivatives of putrescine (PT) and spermidine (SPD)
contained in a standard reaction sample and in the corresponding blank after 60 min of in-
cubation at 37°C. Details of the enzymatic assay and of the chromatographic run are de-
seribed in the text and also in ref. 15. Fractions (0.8 ml) were collected for determination of
radioactivity. The arrows indicate a change in detector sensitivity from 0.2 to 0.05 a.u.f.s.

Fig. 2. Mouse brain spermidine synthase activity as a function of time. The assay conditions
are as described in the text. Both the absorbance (0c—o) and the radlometnc (®#—=) deter-
mination of product formation represent the mean value of duplicate assays. The reproduc-
ibility was within 10%. ’
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Fig. 3. Spermidine production as a function of protein concentration. The details of the
assay conditions are as described in the text. Both the absorbance (o——o) and the radio-
metric (¢e—e) determination of product formation represent the mean value of duplicate
assays. The reproducibility was within 10%.
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Fig. 4. Graphic estimation of the apparent K,, for putrescine (Lineweaver—Burke plot).
The assay conditions were as described in the text. Both the absorbance (o——o) and the
radiometric (e——e) determination of product formation represent the mean value of dupli-
cate assays. The reproducibility was within 10%.

priate aminopropyltransferase assay mixture. This paper specifically describes
an assay procedure for spermidine synthase although, as shown elsewhere
[15], it is theoretically possible to use the same methodology for the deter-
mination of spermine synthase activity. The purity of the samples after deri-
vatization, the brevity of the chromatographic run and the isocratic elution
schedule are the favorable characteristics of the assay technique described
herein. The most significant improvement over existing methods, however, is
that the high sensitivity of the assay obviates the determination of the radio-
activity in the spermidine peak for an accurate quantitation of spermidine
synthase activity. Indeed, as shown by our findings, there was virtual identity
between spermidine synthase activity values obtained with the non-isotopic
and the isotopic procedure of product quantitation.

Resulis of applications of the HPLC method in studies of polyamine bio-
synthesis in the brain of animals subjected to convulsant stimuli [15,20] have
been presented elsewhere.
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