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PYROLYSIS GAS CHROMATOGRAPHY AS AN AID TO THE IDENTIFICA-
TION OF PENICILLIUAM SPECIES

D. THORBURN BURNS", R. I. STRETTON and § D. A. K. JAYATILAKE
Loughborough Uniersity of Technology. Loughborougk, Leics. LEIF 3TU (Great Britain}
(Received July 14th, 1975)

SUMMARY

Using pyrolysis gas chromatography it was possible to identify each of a series
of eleven Penicillizrm species and the related species Aspergillus niger CMI 31821 and
Newurospora crassa CMI 75723, based on relative peak heights and retention times of
the most reproducible peaks in each pyrogram.

INTRODUCTION

The methods currently available for the detection and classification of micro-
organisms are time consuming and non-quantitative. There have been several attempts
to apply physical methods to the identification of bacteria, in particular infrared
spectrophotometric methods have been examined by Randall er af! and Levine er
al? 3, with limited success in obtaining reproducible results®. Partial identification is
possible in the case of certain bacteria’. The related technique of attenuated total
reflection has been examined and the differences between normal and diseased tissues
can be demonstrated®, however, as these spectra provide essentially the same mnforma-
tion as transmittance spectra. it is unlikely to be any more successful for identification
pDULPOSES.

Pyrolysis gas-liquid chromatography (GLC) gives characteristic and repro-
ducible fragment patterns which can be used as fingerprints of the original samples.
Reiner” applied this technique to bacteria, attempting to exploit the possible chemical
differences between bacterial stramns of similar antigenic or pathogenic character. He
showed that each organism gave a unique pyrogram, although the profiles obtained
for Escherichia colf and Shigella boydii were similar®. Subsequently it was shown that
such programs could provide a basis for classification at subspecies level®, in particular
the Safmoneflz'®. Oyama!' and Ovama and Carle'? agreed with these observations
but showed that the media should be identical when considering different organisms.

The technique of pyrolysis GLC has also beer used by Mjyers and Watson®?
in the diagnosis of viral and fungal diseases in plants znd by Hall and Bennett'* in
the identification of cockroaches at species level. The coupling of a mass spectrometer

* Present address: Queen’s University of Belfast, Belfast, BT SAG, Northern Irefand.
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to the nyrolysis GLC system has permitted an examination of the chemical structure
of pyrolysis products and the potential of the fechnique for the detection of extra-
terrestrial life has been examined by Simmonds®® and Simmonds ef al.'5.

Prior pyrolysis followed by silylation of the less volatile polar products allows
seperation aad identification of algae and E. coff n sea-water-’. Combined pyrolysis—
mass spectroscopy has been applied by Anhalt and Fenselau for the characterisation
of certain pathogenic bacteria®®,

The Penicifliq are ubiguitous and can grow on & variety of organic substrates™
and can be responsible for spoilage and economic Ioss. Several species are important
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Fig. 1. Pyrograms for Penizifuey and related species: (1} 2. chrysogennm, CMI 26211: (2) P. luteuns,
A0 (3) P. grisecfulvurs, A4l; (3} P. lanosoviridae. CMI 39818; (8) P. charlesii. CMIL 40232: (6} P.
lavenduium, CNEL 40570: (7} P. parvum. CMI 40587; (8) P. thomii, CMI 40027; (9) P. rubrum, CMIL
40936, (10) P. patidurn, CREL 28808 ; (113 P. pulvillorur, CME29215,(13) Aspergiilus niger, CMI31821;
€13: Neurospora crassa, CTME 75723,
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TABLEL
RELATIVE PEAK HEIGHTS OF FYROGRAMS OF 2. parvum
Peak Relative peak fieighe

~No. ¥ 2 3 £ 5 é Range
i i58.8 122.5 1343 1412 160.6 129.8 38.1
2 137 183 46 8.7 o4 115 5.9
3 157 13.3 ieg 132 10.6 142 5.1
4 5.8 7.5 3.8 5e 8.5 7.6 4.7
5 215 233 29.2 i9.6 275 252 5.6
6 16.8 116 13.2 16.5 8.5 15.2 70
7 i2.6 250 273 182 243 i9.8 .1
g 6.9 83 16.2 12.4 2.7 6.5 5.9
9 47.0 56.0 35.5 47.2 51.2 48.1 8.5
10 8.8 150 158 7.6 5.2 121 8.2
it 5.8 5.0 5.6 738 2.9 49 50
12 235 3te 321 2c2 24.1 3.1 119
13 294 35.6 37.2 289 38.6 313 8.2
14* 35.3 375 37.2 349 37.0 36.7 2.6
15 23.5 30.6 323 236 242 26.5 8.8
i6 254 21.6 242 262 19.8 20.5 9.6
17 3117 2783 291.3 79.1 285.2 3012 334
18" 78.4 76.6 77.5 76.8 78.5 769 1.9
12 13.7 6.5 25 A 11.7 9.7 7.k
20 17.6 216 223 is6 i8.1 193 6.7
31" 8z.1 88.3 S1.1 89.8 83.7 89.7 3.8
22" 1009 1606 106.0 160.0 100.6 160.0 G0
23 18.6 25.0 20.0 15.2 26.1 251 i0.9
24 117 83 8.2 122 1.0 84 6.0
25 323 ig3 30.6 9.3 25.2 313 i4.0
2 431 518 432 57.1 47.2 451 140
27 3.8 5.8 40 s 6.2 4.3 2.3
28 10.2 143 1.2 12.3 15.1 14.0 4.
20 53 158 15.7 1s.1 160 154 0.8

* Most reproducible peaks.

TABLE IT

RELATIVE PE:AK HEIGHTS AND AREAS FOR THE MOST REPRGDUCIBLE PEAKS IN
PFYROGRAMS OF P. parvun:

FHeight Area
4 18 2f 22 29 if 18 2r 22 29
353 784 921 100 153 346 752 9t 103 168
375 766 883 10 58 352 757 894 100 173
372 733 eil 1006 157 376G 150 922 180 174
329 768 88 100 161 355 762 909 100 (68
370 785 87 109 166 . 36% 153 SO.T 100 169
367 768 8.7 100 154 357 749 9471 i 16.8
Average 364 773 899 17 356 755 916 169
o7 Variation 36 i3 21 2.5 34 08 29 1.8
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agents in tood production and in mdustna{ fermentations. The taxonomy of the genus
" is very complex?® and because of the paucity of obvious taxonomic characters and
‘the arbitary nature of many of the groupings, the genus remains taxonomically dif-
-ficult even to the expert®'. It was considered that the use of pyrolysis GLC could aid
in rapid and reproducible identification of this genus and this idea is examined herein.

' EXPERIMENTAL

Preparatzon of samples

The Pernicillium species studied were: (1} P. chrysogenun, CMI 26211, (2) P.
luteurni, A40, (3) P. griseafulvum, A4l, (&) P. lanosoviridae, CMI 39818, (5) P. charlesii,
CMI 40232, (6) P. lavendulum CMI 40570, (7) P. parvum, CMI 40587, (8) P. riomii,
CMI 40027, (9) 2. rubrum, CMI 40036, (10} P. patulur:, CMI 28808, and ({1} P.
pulvitlorrzm, CMI 2921 5. For comparative purposes (12} Aspergifius niger, CMI 31821,
and (13) Neurospora crassa, CM1- 75723, were zlso used.

To remove any possibility of contamination with complex materials, the

TABLE It

RETENTION DATA OF THE COMPONENTS DERIVED FROM P. parvum

Peak Retention time (min)

No. I 2 3 £ 5 & Average

1 7.5 7.6 7.5 7.8 7S - 16 7.6
2 8.4 8.5 8.4 8.5 8.5 8.5 8.5
3 104 10.5 104 10.5 10.5 104 104
4 11.5 116 it4 It4 11.5 iIs 115
5 13.0 i3.2 131 13.3 13.2 3.1 13.2
6 4.3 i4.4 14.2 14,5 14.1 14.3 14.3
7 17.0 17.2 17.0 174 17.6 17.2 i7.1
8 i7.8 17.6 177 - 179 17.8 17.6 17.7
g i9.2 19.4 190 194 185 18.3 19.3
1 20.3 204 20.4 20.5 28.2 202 203
11 212 212 Z1.4 215 212 213 21.3
12 22.2 223 22.4 22.5 223 22.4 22.4
3 . 23.2 234 23.1 23.5 23.1 33 234
14 246 24.6 24.5 249 248 24.8 247
Is 26.5 26.5 26.6 26.8 36.7 26.7 26.6
i . 273 27.5 27.2 27.5 27.2 27.3 7.3
7 T 28.2 284 28.2 28.5 28.2 283 28.3
g - 299 29.8 30.0 300 . 29.7 28.7 29.7
19 36.5 30.3 36.3 30.2 30.1 30.3 36.3
2 - 31z 310 310 3i4 31.3 1.2 31.2
21 325 325 325 325 32.6 32.5 32.5
2z 36.0 36.2 36.2 36.4 36.1 36.2 36.2
33 382 184 384 38.2 38.2 32 38.3
24 399 385 39.5 40.0 39.7 40.0: 35.8
25 £1.4 £1.2 £1.3 41.3 41.3 41.4 41.3
.26 437 © 436 43.6 43.8 43.6 43.6 43.6
27 472 470 7.0 47.2 47.3 47.5 472

28 48.6 48.8 48.8 48.7 48.9 48.9 487

29 . 5258 0 s34 524 3521 524 53.5 52.4
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organisms were grown on a synthetic medinm containing: K,HPFQ,, 1 g/i; KCI, 0.5
g/t MeSO;-TH.G, (.5 g/I; FeSQ,, 0.01 g/I; vitamin-free casamin acids (Difco), I g/l,
and sucrose, 20 g/i. When sohdified media were required Oxoid agar No. 3, 15 g/,
was added. The pH of all media was adjusted to 5.5 prior to use.

The organisms were grown for fourteen days in liquid culture at 25° to obtain
mature mycelium, for three days o give young mycelium and for thirty days for pro-
duction of spores. The spores of P. chrvsogenum were readily obtained from the
surface of cultures grown on solidified media. It proved easier tc obtain spores from
the other species from ligueid culture, by removing the mycelium by filtration, re-
suspending in water and disrupting the mycelium in a blender. The mycelial strands
could then be almost completely removed by filtration through non-adsorbent cotton
wool. The filirate was then subiected to 5 min vibration at 15 kHz. The suspension
was then centrifuged to obtain the spores. Microscopic examination revealed the
absence of mycelum.

All samples of mycelivm and spores were harvested by centrifugation at 4000 g,
at 4° for 10 min, washed twice with distilled water and dried by Ivophilisation.

Apparatus and conditions

Pyrolysis investigations were carried cut on 50-80 gg samples of the fungi
using a Pye 184 series {(Mode! 64) chromatograph with a2 P.V.4080 pyrolysis module.
As the samples were of a powdery nature the coil method of Thompson??, in 2 2-mm
quartz tube. was used, a new ferromagnetic wire and quartz tube being used for each
sample. The optimum conditions for zanalysis, determined in preliminary studies
were: A pyrolysis time of 10 sec at 770° was employed throughout. Chromatography
was carried out using 10 fe. X 6 mm G.D. dual glass columns packed with 109
Carbowax 20M on 80— 100 mesh Phase Separations A B.S. (Queensferry, Great Britain).
The iemperature was programmed to increase at a linear rate of 4%/min from 60-140°,

TABLE IV

RELATIVE HEIGHTS OF REPRODUCIBLE PEAKS AND THEIR RETENTION TIMES (nin)

No, Relative peak height
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initizl hold 10 min, final hold infinity. The detector temperature was 250°. The air
pressure was 50 Ib./sq.in.: the hydrogen pressure, 251b./sq.in. and the carrier gas
(nitrogen) pressure, 50 Ib./sq.in. The nitrogen flow-rate was 40 mi/min. The recorder
was set at I mV f.s.d.: attenuation, various. The chart speed was 5 mm/min.

RESULTS

Preliminary pyrograms obtained with mature mycelia showed variation in
relative peak heights for each species studied. In an attempt to eliminate this variation
the three basic components of the fungal colonies —the mature mycelia and young
mycelia and the spores— were separated and individually studied. The pyrograms
for young mycelia and for spores showed greater variation than for mature mycelia,
which were then solely studied but in more detail.

The difficulty in controlling the sample size in rephicate experiments made it
necessary to use relative rather than absolute values of peak heights and areas. The
peak heights and areas were calculated relative to a well resolved peak which ap-
peared in the pyrograms at a retention time of 36 min for all the species studied. No
significant difference was found between relative peak height or area measurements
{estimated by planimeter) so that pezk heights were used after the initial studies were
completed. The peak heights in each case were measured above a base line contructed
by linear interpolation between valleys.

Typical pyrograms for each species studied are shown in Fig. 1.

Each mature mycelium was examined in six replicates. Results showing relative
pezk heights for P. parvum are shown in Table I, relative peak areas and peak heights
for the peaks with the most reproducible heights/areas are given in Table II and the
retention data in Tabie IIL

The relative peak heights for the most reproducible peaks for the series of
species examined is given in Table IV.
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DISCUSSION

The taxonomy of the important genus, Penicillium, is extremelv complex®®.
Most species exhibit shades of green which change as the colonies age and, in addition,
varv with cultural conditions. Their fruiting {spore bearing) structures are small and
disintegrare with zgeg, the asexusl spores are among the smallest in true fungi and only
rarely show distinctive features. Sexual states, if occurring at all, may require months
to reach fruition. The most definitive work is by Raper and Thom?'%, but because of
the paucity of obvious tazoncmic characters and the arbitrary nature of many of the
manual’s groupings the genus remains taxonomically difficult®.

Such problems suggest the need for alternative approaches to classification and
species identification. Hence a chemotaxonomic approach which has been usefut in
identification of other materizls of biological origin was considered.

The data given mm Table IV show that it is possible to ciearly distinguish be-
tween eleven Penicillia and the twe related species Aspergillus niger CMI 31821 and
Newrospora crassa CMI 75723 by pyrolysis GLC using mature lyoph:llised mycelia.
Fach pyrogram contained reproducible peaks, amongst the more variable ones, with
characteristic relative heights and retention times.

The existence of the reproducible peaks in relatively non-reproducible pyro-
grams was an interesting feature of the results. This effect is in contrast to those ob-
tained with bacteria where z high degree of reproducibility of the pyrograms was
reported”’®. This feature might not be unexpected on the basis of the varied metabolic
activities going on in difierent areas of the mycelium, e.g. the production of secondary
metabolites causes the chemical composition to vary depending on the “physiological
age™ of the mycelial strand and the age of the culture™. Although many workers have
emphasised the importance of the “physiclogical age”™*~25, very little cytochemical
differentiation has been reported on the myceliz of fungi.

For identification purposes mature mycelia were found to be necessary, as
pyrograms containing young and mature myceiia showed great variability in relative
peak heights.

For spores a greater uniformity in chemical compeosition would be expected.
However, pyrograms for individual species showed too great a variability to be used
for identification purposes. This effect might be due to physiological age; the only
feasible method of spore separation dees not discriminate on age.

Work is currently being carried cut in the identification of Aspergifius species
and to examine the chemical origin of the reproducible peaks within a species.
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