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ABSTRACT

A sensitive, rapid pre-column derivatization HPLC procedure for determination of
biologically important polyamines is described. Benzoylated putrescine, cadaverine,
norspermidine, spermidine, norspermine and spermine were separated on reverse-phase column
using 42:38 acetonitrile:water as mobile phase and detected by UV absorption at 198 nm. The
detection limits were: 0.8 pmol for putrescine, 1 pmol for spermidine and 1.3 pmol for spermine.
The method was successfully applied to the analysis of polyamines in small samples of unicellular
organisms.

INTRODUCTION

Our recent studies [1] on the biological function of polyamines led us to investigate whether
the concentration of polyamines in cultures of algae and other unicellular organisms depends on the
time in their cell cycle, hence to seek a fast and sensitive polyamine assay.

Many polyamine analysis methods are based on those for amino acids, using both pre- and
post-column derivatization high-performance liquid chromatography [2,3]. Post-column
derivatization uses ion-exchange resins as stationary phases; this method suffers from long
retention time and interference from amino acids [3,4]. Pre-column derivatization using dansyl
chloride or tosyl assays [2,5,6] are highly sensitive, but again interference from amino acids and
poor separation of derivatives on reverse phase column prove to be problems, Redmond and Tseng
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[7] reported a benzoyl chloride pre-column derivatization method based on the Schotten-Baumann
reaction combined with ether extraction to eliminate interference from amino acids; it uses 60: 40
methanol: H,O as mobile phase and 254 nm absorption detection. This method has found
applications in body fluid [8], mammal tissue [9] and plant [10] analysis. Although this method
has the advantage of fast separation, its low sensitivity has limited its application in our studies. In
the present paper, we report a sensitive and fast quantitative method for polyamines based on the
benzoylated polyamine separation on reversed phase column, using 42:58 acetonitrile: H,O as
mobile phase and 198 nm absorption detection, which allows faster separation and more sensitive
detection.

EXPERIMENTS

Materials and Equipments

Materials 1,3-diaminopropane, putrescine and norspermidine (3,3°-
iminobispropylamine) were from Sigma. Cadaverine, 1,6-hexanediamine, spermidine and
spermine were from Aldrich. Norspermine (N,N’-bis[3-aminopropyl]-1,3-propanediamine) was a
gift from Dr. S. Marvin Friedman. Benzoyl chloride (99%, A.C.S.reagent, Aldrich) was used
without further purification. Anhydrous ethyl ether (A.R.) was from Mallinckrodt. Methanol,
acetonitrile and water used for separation were all of HPLC grade.

Equipment A Beckman HPLC equipped with Modél 110B high-pressure pump and
Model 163 variable wavelength absorbance detector was used throughout the study, with a Kipp &
Zonen recorder (Model BD41). A Beckman Spm Cg reverse-phase column (25cm x 4.6mm) was
used to separate the benzoylated polyamines. Sample injection was carried out using either 20 pl
sample loop (Beckman) or 25 pl micro-syringe (Hamilton).

Sample Treatment, Polyamine Derivatization and HPLC Separation

Chlamydomonas reinhardtii, Gonyaulax polyedra, Pyrocystics lununa and Plasmodium
falciparum were grown and treated as described previously [la}. Briefly, after addition of a
polyamine internal standard to 10~500 mg wet cell pellets (cadaverine as internal standard for
Chlamydomonas reinhardtii and Plasmodium falciparum ; 1,6-hexanediamine for Gonyaulax
polyedra and Pyrocystics lununa ), the cells were broken by sonicator or beadbeater in 1~3 ml
water (check under microscope to make sure all the cells were broken), extracted with 2 ml 5% .
trichloroacetic acid and centrifuged at 8,000 g at ca. 4°C for 20 min. The pellets were resuspended
in 1 ml water and 2 drops of 2 N NaOH and recentrifuged in 2 ml 5% trichloroacetic acid.

To aa. 5 ml pooled supernatant of sample, 1.5 ml 2N NaOH was added to adjust the pH >13,
followed by 5 pl benzoyl chloride. The mixture was magnetically stirred for 20 minutes for
complete reaction. 2 ml NaCl (sat.) was added and the resulting solution was extracted twice with
1ml ether. Pooled ether fractions were evaporated by a stream of nitrogen and the residue
(benzoylated polyamines) was dissolved in 0.2 ml 42% acetonitrile/water (for acetonitrile/water
mobile phase) or 60% methanol/water [8] (for methanol/water mobile phase). The resulting
solution was subjected to HPLC separation. Polyamines standards, dissolved in distilled water,
were derivatized with NaOH and benzoy! chloride and separated by the same procedure.
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RESULT AND DISCUSSION

It has been shown [7] that the benzoylated derivatives of putrescine, cadaverine, spermidine
and spermine are well separated on reversed-phase column using 60:40 methanol: H,O as the
mobile phase. We confirmed this. Fig. 1 shows a typical chromatogram of these benzoylated
polyamines, together with derivatives of norspermidine and norspermine. However, when we
used this method to study the time dependence of the polyamine level in Chlamydomonas
reinhardtii and Gonyaulax polyedra as a function of the cell cycle, requiring frequent collection of
samples of limited amount, it became important to increase both detection sensitivity and separation
speed. It was even more imperative when assaying for possible traces of norspermine in very small
samples of the parasitic Plasmodium falciparum, which is phylogenetically related to
dinoflagellates.

We found that the absorbance of benzoylated polyamines increases cz. 50 times from 254 to
198 nm in acetonitrile as solvent, which means that the detection sensitivity of the method could be
greatly increased by a change of detection wavelength. However, the use of methanol/water as
mobile phase precluded this possibility because of the UV cut-off point of methanol at 205nm.

Qur result showed that benzoylated polyamines are well separated on a RP-Cg column when
using 42% acetonitrile/water as mobile phase (Fig. 2). This allows detection at 198 nm without
significant background noise, and only an overlap of the peaks of hexanediamine and spermidine
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Fig. 1 A chromatogram of 2 standard mixture of benzoylated polyamines ( containing ca. 2
nmol each ), with methanol/water 60:40 as a mobile phase and detection at 254 nm.. 1. putrescine,
2. cadaverine, 3. hexanediamine, 4. norspermidine, 5. spermidine, 6. norspermine and 7.

spermine.
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Fig.2 Separation of a standard mixture of benzoylated polyamines with 42%
acetonitrile/water as mobile phase and detection at 198 nm. Each peak contains cz. 0.1 nmol
polyamines. 1. putrescine, 2. cadaverine, 3. norspermidine, 4. spermidine, 5. hexanediamine, 6.
norspermine and 7. spermine.

as drawback. Since hexanediamine is not a natural polyamine, but serves only as potential internal
standard, this overlap is of no consequence. By using this mobile phase, the retention time of
spermine is about a half of its value in methanol/water. The detection limits are: 0.8 pmol for
putrescine, 1 pmol for spermidine and 1.3 pmol for spermine, therefore 60 times less than with the
methanol/water system [8]. In both mobile phase systems, however, diaminopropane overlaps
with putrescine and they are difficult to separate by simply changing the ratio of mobile phases.

Improper use of dissolving solvent may cause poor resolution {8]. Our experiment showed
that 42% acetonitrile/water is suitable for benzoylated polyamines. The solution can be kept for up
to six months at room temperature without significant change.

Per gram of wet weight, we found that Chlamydomonas reinhardtii cells contained 5.5 pmol
putrescine, (.9 umol norspermidine and 0.2 pumol spermidine in average; Gonyaulax polyedra and
Pyrocystics lununa contained only norspermine (0.06 and 0.016 umol, respectively ). Polyamine
concentrations in Plasmodium falciparum were 0.01 for putrescine, 0.03 for spermidine and 0.005
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Fig. 3  Chromatogram of a sample of Chlamydomonas reinhardtii (treatment of sampie
and derivatization, see text). Mobile phase: 42% acetonitrile in water. Absorption detection
wavelength: 198 nm. l.putrescine, 2. cadaverine (internal standard), 3. norspermidine, 4.
spermidine; 5 and 6. unknown.

for spermine ( all in nmol per 108 cells); no norspermine was found above our detection limit. The
recovery rates of polyamines were satisfactory for the samples (>90%). A typical chromatogram of

Chlamydomonas reinhardtii polyamine separation is shown in Fig. 3.

CONCLUSION

By using 42% acetonitrile/water as mobile phase and UV detection at 198 nm, benzoylmed
putrescine, cadaverine, norspermidine, spermidine, norspermine and spermine can be satisfactorily
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separated on Cg reverse-phase column in 10 minutes, with detection limit of less than 1.3 pmol.
The mobile phase also serves as dissolving solvent. This method can been used in the polyamine
analysis in some unicellular prokayotes (Chlamydomonas reinhardtii, Gonyaulax polyedra,
Pyrocystics lununa and Plasmodium falciparum) and would work well, we expect, in other
biological samples.
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