
PYROLYSIS GAS CHROMATOGRAPHY AS Ar\l AID TO THE DENTEFECA- 
TION OF PEXIClLLW&f SPECIES 

Using pyrolysis gas chromatcy4raphy it was possible to identify each of 2 series 
of eleven Peniciihn species and the refated species Aspergiih triger CM1 3 182 I and 
i~ezrrmpora crassc CM1 75723, b2sed on relative peak heights and retentron times of 
the most reproducible peaks in each pyrogram. 

The methods currently available for the detection 2nd c~assrficatron of micro- 
organisms are time consuming 2nd 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 et aLL and Levine et 
ai.= st with limited success in obtaining reproducible results’. Paxial identification is 
possibEe in the case of certain bacteria 5. The related technfque of attenuated total 
reflection has beeen exmined and the diEerences between normal 2nd diseased tissues 
can be demonstrated”, however, as these spectra provide essentially the same rnforma- 
don as transmittance spectm. it is unlikely to be 2ny more successful for identification 
purposes. 

Pyrolysis gas-Iiquid chromatography (GLC) gives characteristic and repro- 
ducible fra_ment patterns which can be used 2s EingerprirLts of the original samples. 
Reiner’ appfied this technique to bacteria, attempting to exploit the possible chemical 
di&rences between bacterial strarns of sirmlar antigenic OF pathogenic character. He 
showed that each organism g2ve a unique pyrogram, although the proEIes obtained 
for Esclrerichia calf and ShrgeIfa bqdii were simit2rs. Subsequently it ws shown that 
such programs could provide a basis for cfassrfication at subspecies Ievet’, in particuIar 
the SahoiIeEln’O. Oyama” and Oyama 2nd CarZe” a--d with these observations 
but showed that the media should be identical when considering different organrsms. 

The technique of pyrolysis GLC has &so beeri used by Mbers and Watso~‘~ 
in the diagnosis of viral and fun,@ diseases in plants and by KaIL and Bennett” in 
the ZdentiiicatiorL of cockroaches at species level. The coupling of a mass spectrometer 

= Present rzd0re+s: Qteen’s Lmiversxty of Eelfast, Bekfkst, ST9 SAG, Northern freiand. 



to the pyrolysis GLC syctern has permitted ali ex2minztion of the chetid structure 
of~yrc~lysis products 2nd tE_e p&entiaI offhe technique for the detection ofexfxz- 

terrestrial Me has been exm~ined by Simmonds’s and Simrmnds et ~1.~~. 
Pticx pymlqsis foEowed by sifyI2tion ofthe l&svoIatiiepoI2r products allows 

sepzrztmn az~d identiEcatiorz_ ofaf~eandE.~~~~irrrsea-water". Combined pyrolysis- 
masss~osc~py has been 2ppfkd by An&& 2nd Fenseiauf~rthecharac~dsatior; 

sfcert& patb~~nic b2cteti2'8. 

?3e .Pmici.fca are nbiquitorrs 2nd c2n sow on 2 k2riety ofor~ticsubstrateP 

2nd txm be responsible forspaiL., -aeandecorromfciass.Se~erafspecies areimportant 
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1 158.8 122.5 134.3 24z.2 160.6 129.8 3s.I. 
2 13.7 10.3 14.6 8.7 9.4 11.5 5.9 
3 15.7 23.3 10 8 23-2 10.6 142 5.1 
4 5.E 7.5 3.8 59 8.5 7.6 4.7 
5 21 5 23.3 29.2 19.6 27.5 25.2 9.6 
6 IO.8 IF.6 13.2 16.5 9.5 152 7.0 
7 19.6 25.0 27.3 lS.2 24 5 19.8 !?_.I 

g 6.9 8.3 18.2 E2.4 9.7 6.5 5.9 
9 47.0 50.0 55.5 47.2 5E.2 48.1 8.5 

10 8.8 15.0 15.8 7.6 9.3 12.1 8.2 
11 5.5 5.0 5.6 7.8 89 4.9 50 
92 23.5 31.6 32.1 2c 2 24.x 30.1 II.9 
13 29.4 35.0 37.2 299 38.6 31.3 9.2 
14’ 35.3 37.5 37.2 34.9 37-O 36.7 2.6 
15 23.5 30.0 32.3 23.6 24 2 26.5 8.8 
I6 29.4 21.6 24.2 262 19-g 20.5 9.6 
17 31l.7 278 3 291.3 279.1 285.2 301 2 334 
1s’ 78.4 76.6 77.5 76.3 7S.5 769 1:s 

19 13.7 6.6 12.5 8.1 11.7 9.7 ?.I 
20 17.6 21.6 22.3 15 6 18.1 18.3 6.7 
21’ 92.1 88.3 91.2 89.8 8a.7 89.7 3.8 
22’ 100.0 LOO 0 100.0 kOO.0 100.0 100.0 o-0 
23 18.6 25.0 20.0 15.2 26-I 2i.l 10.9 
24 11-7 8.3 6.2 12.2 11.0 9.4 6.0 
25 32.3 183 3O.Cr 19.3 25.2 31.3 14-D 
26 43.1 5I.6 L3.2 57.1 47.2 45.1 14.0 
27 3.9 5.9 40 5.9 6.2 4.3 3- -.A 
28 10.2 143 Il.2 12.3 IS.1 14.0 4. 9 
29* 15 3 15 8 15.7 16.1 IO.0 15.4 0.8 

l Most reprodLic:bIe pedks. 
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agent&in food production and in industrial fermentations. The taxonomy of the genus 
is very compfex2* and because of the paucity of obvious taxonomic characters and 
the arbitary nature of many of the groupings, the genus remains taxonomka!fy dif- 
ficrrft even to the expertzL. It was considered that the use of pyrolysis GLC could aid 
in rapid and_reproducibIe identification of this genus and this idea is examined herein. 

To remove any possibiky of contamination with complex materials, the 

TABLE m 

1 
-____ 

1 7.5 
2 8.4 
3 10.4 
4 1I.S 
5 f3.0 
6 14.3 
7 17.0 
8 s7.a 
9 f9.2 
10 20.3 
11 21.2 
12 22.2 
13 23.2 
E4 24.6 
15 26.5 
16 27.3 
17 28.2 
18 29.9 
19 30.5 
20 31.2 
;: 36.0 32.5 

2j ;g_z 
24 39.9 
25 41.4 
.26 43-7 
27 47.2 
2s 48.6 
29 52.5 

- 
2 

7.6 7.5 7.5 7.5 
8.5 8.4 8.5 8.5 
10.5 10.4 10.5 LO.3 
If.6 IL4 II.4 11.5 
13.2 13.1 13.3 13.2 
14.4 14.2 14.5 14.1 
17.2 t7.u 17.4 f7.0 
17.6 17.7 17.9 17.8 
19.4 19.0 19.4 19.5 
20.4 20.4 20.5 20.2 
2f.2 21.4 21.5 21.2 
22.3 22.4 22.5 22.3 
23.4 23-L 23.5 23.1 
24.6 24.S 24.9 24.8 
26.5 26-6 26.8 26.7 
27.5 27.2 27.5 27.2 
28.4 2t3.2 28.5 2S.2 
29.X 30.0 30.0 29.7 
30.3 30.3 30.2 30.1 
31.0 X.0 31.4 31.3 
32.5 32.5 32.5 32.6 
36.2 36.2 36.4 36.1 
3S.C 3K4 38.2 3x.2 
39.5 39.5 40.0 39.7 
41.3 4I.3 41.3 a.3 
43.6 43.6 43.8 43.6 
47.a 47.0 47.2 47.3 
4&.8 43.8 48-7 45.9 
52.4- 52.4 52.1 52.4 
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The organfsns were ~EOFSTI for forrrteen days in liquid culture at 25” to obtain 
ma&xc n?yceIium, for thxce days to $ve young m~ceIiurrr and for t-hkty days for pro- 
duction of spores. The spores of P. &r_wogenum were readily obtained from the 
surface of cultures grown olz solidif media. It proved easier to obtain spores from 
t&e other species from liquid culture, by removio, Q tie ITlyceEum by mration, re- 
sus_perid& in water and disrupting the mycelium k a blender. The myceliaf strands 
co&i tJxn be almost completely removed by filtration tbrorrgh non-adsorbent cotton 
wool. The f&are was &en snbjected to 5 min vibration at I.5 kHz. The suspension 
was then cmtrifuged to obtain the spores. Microscopic examination reveaIed the 
abseuce of my~tirrm. 

AlI samptes of Ezzycellum and spores were harvested by centrifugation at 4000 g, 
at 4’ for IO min, washed twice with d&fled water and dried by Iyophiiisation. 

Pyrolysis investigations were carried out on 5043O~g sampks of the fungi 
using a Pye 102 series (Mode! 64) ckomatograph with a P_V.4080 pyrolysis module. 
As rhe samples were of a powdery nature the coil method of Thonpson22, in a Zmm 
quartz tube. was med, a new ferromametic wxe and quartz tube be& used for each 
sanzple. The optirrrum conditions for analysis, determined in pre.Iiminary studies 
were: A pyroo!ysis time of 10 set at 770” was employed throughout. Chromato_mphy 
was camtd out us+ 1C fr. x 0 mm 0.33. dual glass columns packed with 10% 
Ckbowax 20M on W-1CB mesh Phase Separations A.B.S. (Queensferry, Great Britain). 
The temperature v+as pro_mmed to increase at a linear rate of4°/min from 6CL1ifo", 



initial hofd IO mln, final hold infEty. The detector temperature was 250’. The air 
pressure wzs 50 Ib.l./sq.in.: ffie hydrogen pressnre, 25 fb./sq.in. and the carrier gas 
(nitrogen) pressure, 50 Ib.,lsq.in. The nitrogen f3aw-ra~ was 43 mUmin_ The recorder 
was set at I mY Es-d.: attenuation, various. The chart speed WE 5 mm/&. 

Preliminary pyro,ga.ms obtained with mature mycelia showed variation in 
relative peak heights for each species studied. En 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 pyrogams 
for young myceIia and for spores showed greater variation than for mature myceIia, 
which were then solely studied but in more detail. 

The difficufty in cantroIling the sample size in rephcate 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 we!1 resolved peak which ap- 
peared in the pyrograms at a retention time of 36 min for aIE the species studied. No 
sign&ant difference was found between relative peak height or area measuremenrs 
(estimated by planimeter) so that peak heights were used after the initial studies were 
compIeted. The peak heights in each case were measured above a base fine contructed 
by linear interpolation between vaIfeys. 

Typical pyrograms for each species studied are shown in Fg. I. 
Each matrrre mycelium was examirred in six replcates. Resuftc showing relative 

peak heights for P. parvum are shown in Table 1, relative peak areas and peak heights 
for the ueaks with f&e most reproducibfe hei&s/areas are given in Tabfe 11 and the 
retentio; data in Table IIL - 

The reIative peak heights for the 
species examined is giveen in Table IV. 

most reproducible peaks for the series of 
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The taxonoz3zy of the important gems, Peffieciiliunt, is extremely complexzG. 
Most species e-x&b& shades of green which change as the colonies age and, in addition, 
vaxy witit crrftiral coaditions. TIzeir ftiting (spore bearing) structures are smaf1 and 

didntegrare with age, the asexual spores are among the sma&sst in true fungi 2nd only 

rz_r& show distinctive fe2tures. Sexual states, if occurring 2t &I, may require months 
to reach fruition. The most definitive work is by Raper 2nd Thonz”, but bec2use of 
the pa&ty of obvious taxonomic characters and the arbitrary natire of many of the 
manual’s aoupings the genres remtins t2xooomically dif&uft”. 

Such problems suggest the need for altenzative apprff2ches to ~Iassification 2nd 

species identifkatioa. h’ence 2 clremokwxnnk approach w&h has been useful in 

identi&atfon of other materials of biofogical origin was considered. 

The data given rn T2bie IV show that it is possible to clearly distmguisb be- 

tween eleven Penic~il~~ 2nd the two retated species Aspergilius niger CM1 31821 and 
Newospora cmss~ CMI 75723 by pyrol~szs GLC usin g mature IyopMlised mycelia. 

Each pyro_gr2m contained reproduclbfe peaks, zmongst the more variable ones, with 

characteristic relative heig&s and retention times. 

The existence of the reproducible peaks in relatively non-reproducible pyro- 

gr2ms ~2s an mterestirrg feature of the resuIts_ This efkct is in contrast to those cb- 
tained with bacteria where 2 high de,- of reproducibility of the pyrograms \vas 

repotiedi-9. This feature might not be unexpected OII the basis of the varied MetaboKc 
activities going on iF- &&rent areas of the mycelium, e _g. the production of secondan 

metabolites causes the chemi& composition to vary depending on the “physiological 

age” of the mycelia strand and the 2se of the c&ure=. A&bough many workers have 
emphsked ihe importance of the “physiologiml age“14--t5, very little cytocbemical 

difEere&ation has been reporred on the mycelia of fungi_ 

For identification purposes mature mycett ‘2 were formd to be necessary, 2s 

pyro,%ms contilling yorrng an d nature xnp&a showed great va&brIity in relative 
peak he&&s. 

For spores a greater niformity in chemical tomposrtion woutd be expected. 

However, pyrograms for individual species showed too great a variab&ty to be used 

for Identification purposes. This effect might be dse to physioEo@zal age; the only 

feasible nzetbod of spore separation does no: discriminate on age. 
Work is ccrrently being carried ont in the identification of AqergX~~ species 

and to examine the &em&I origin of the reprodrrcible peaks within a species. 
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