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Abstract-Pseudoarachniotus hyahtosporus strains A and B and P. roseus were cultured on a standard basal 
medium containing NaNOs either as the sole nitrogen source, or in combination with one of the following, 
ammonium tartrate, peptone and beef extract. All three strains were shown to contain the terpenoids squalene, 
ubiquinone, an ester of ergosterol and free ergosterol. In each case the ubiquinone was identified as the - 35 
homologue (UQ7). Although the medii had little effect on the growth (dry weight) of the various fungi, the 
highest yields (mg/g dry weight) of ubiquinone and ergosterol were generally obtained on the media having the 
more complex nitrogen sources. 

INTRODUCTION 

UBIQUINONES l (Coenzyme Q) (l) are 2-methyl-3-alkyl-5,6_dimethoxybenzoquinones found 
widely distributed in nature, generally in association with the intracellular organelles con- 
cerned with terminal respiration. The alkyl group takes the form of an all-truns-polyiso- 
prenoid chain containing from 6 to 10 isoprene units. 

I (n- 6 to 10) 

Generally it would appear that the higher orders of the plant and animal kingdoms 
contain either ubiquinone-50 or -45 (UQ10 or UQ9). Ubiquinone-50 is the only isoprenologue 
occurring in many mammalian, avian, higher plant and some fish and insect tissues.2*3*4 
Exceptions do occur, an important example being the rat which contains UQ9 as the major 
homologue together with lesser amounts of UQlO, UQs and UQ7.5 UQ9 has also been reported 
in fish, insects, vegetable oils and algae. ** 6 Lester and Crane 2 have found all the homologues 

*present address: Botany Deptlrtment, Faculty of Science, Alexandria University, Moharram Bey, 
Alexandria, Egypt. 

1Forageneralreviewsee: 
(a) R. A. MORTO~U, Vitamins and Hormones 19,1(1961). 
(b) 0. -L@& Fortschritte der Chemie organischer Naturstoffe 20,73 (Springer-Verlag) (1%2). 

2 R. L. LEsraa and F. L. CRANE, J. Biol. C’hem. 234,2169 (1959). 
3 J. F. Pmwtx, R. A. Mom-m and D. E. M. LAWWN, Biochem. J. 73,4P (1955). 
4 D. L. LAIDMAN and R. A. Moam, Biochem. J. 84,386 (1962). 
5 D. E. M. LAwm, D. R. -ALL, J. G~ovea and R. A. MORTON, Biochem. J. 7% 201(1961). 
6 A. C. PAGE, Ja., P. H. GALE, F. KONIWY and K. FOLKS, Arch. Biochem. Biophys. 85,874 (1959). 
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from UQ6 to UQ10 in micro-organisms. From a survey ofthe literature ‘5.2* ‘es*’ it is apparent 

that fungi (Eumycetes) atso can contain any of these ubiquinone homologues. Thus LIQ,, 
has been found in the Ascomycete. .-~sl~h~u gosqpii; UQ:, in the Ascomycetcs. Endomp~es 
litmdneri and E~l~lon~~c.opsis.fihuli~er and the Deuteromycete, Afycodermr monosa: UQs in the 
Deuteromyccte AI. t~wl~osn: UQp in the Basidomycctes. &yvi~m curryestris. ( :stihgo _-em 
and PolJporvs sch~einit=ii t he Ascomycetcs. Penicilliwn hleli-c.orlryirc.t1NlI and P. chr~wgenur~~ 
and the Phycomycete. Mrrrvr cor~wlhifi?r: UQ,,, \\as found in the Basidomycetes. L stihqo 
zeue and Polypwus scheinitzii and the Ascomycetcs. ~Veurcrsporu crosso and .~spergillus 
fhiig~mis. Gale and co-worhers 10, 1 i hake reported the Isolation from the Ascomycetes. 

Giberella.firjickwoiand Pcnicillirrn~ stipitntml ofan analoguc nfubiquinone-50 (11Qi,,) ha\ lng 
a saturated terminal isoprene unit. 

This communication is concerned with the occurrence of. and efft’ct of nitrogen source on 
the levels of. ublquinone and related terpenoids m two species of Pse~~doara~~lnli~t~~s. an 
ascomycete from tho sub-class Euascomycetes; order A\perglllales; family Gymnonscaceae. 
Some members of this family constitute the perfect stages of the dermatophytes, fungi u hich 
cause bkin diseases of man and animals. Psnldc)nrrrckF~iotlIs.~ l~~~alittosporus (one of the test 
organisms) was first described by Kuehn et al. ” These ~orherh reported that of 54 strains of 

this organism, 23 were isolated from rodent lungs. 9 from dung. 19 from soil and one from a 
Thea pedis (ringworm) condition. This species was found in t\\o collection\ from India and 

appears to be widely distributed in California. P. rosem (the second test organism) \\as tir\t 
isolated from an ulcerated gizzard of a chicken in Arizona and described as a net\ species b> 
Kuehn.13 Neither of these species has been reported before in Egypt. 

RESULTS AND DISCUSSION 

Pseudoarachlriotlrs~tlls I~yulimsporm strains A and B. and P. roseus were cultured. for 80. 24 
and 40 days, respectively. on the basal medium (ntediwn 1) or on the basal medium supple- 
mented with ammonium tartrate (mediml _‘), peptone (nledim 3) or beefcxtract (rnedim 4). 
At the end of the grouth period the mycelial mats were washed and the total lipid extracted 
and chromatographed on columns of Brockman Grade III acid-abashed alumma (SW 
Methods). The u.v. absorption spectra of the various fractions &ted from the column \!*erc 
determined and the levels of various U.V. absorbing components calculated. Table I 
summarizes the pertinent details of a typical e?ctractmn and chromatography. 

Fraction 1 was in all cases transparent to U.V. light and exhibited only weah end- 
absorption. From i.r. studies it was sholvn to be predominantly hydrocarbon in nature. 
Fraction I from all extracts 1~;~s examined for the presence of squalene: sliquots \iere spotted 
on thin layers of Kieselgel G along with authentic samples of squalene. the plates were then 
developed with light petroleum (60430 ). On staining with iodine Lapour brown spots of 
identical R, to the authentic squalene marker, wrrc observed in all cases. 

Fractions 2 and 5 (2:‘” and 20”,; ether in light petroleum) from all the fungi had the same 
selective U.V. absorption curves, characteristic of il’.’ -sterols. Since ergosterol IS the typical 

7 R. E. EKICICX)Y. K. S. BRO\~~. D. E. WOLF and K. FOLhERS, Arch. Bmhnz. B~O~/IIX 90. 314 (1960). 
x N. M. PAchTER and J. GLOVFR. &c/Cm Bioph.v.u. AC?O 58. 53 I ( 1962). 
9 P. H. CALF. R. E. ERIChSON. A. C. PAGE. JR. and K. FOLRERS. .-1rch. B~oclrm. Biop/rvs. 104, 169 (196-1). 

lo P. H. CALF. B. H. ARISON. N. R. TRLNNER, A. C. P.\tit, JR. and K. FOLhERS, Biochnittr~~2. I96 ( 1963). 
I1 P. H. GALE. N. R. TKFWER. B. H. ARISON. A. C. Pui~. JR. and K. FOLKIKS. BMX-/ZCW. Binph1.s.. Re\. 

COI~~I~W. 12, 411( 1963). 
I1 H. H. KUEHN. G. F. ORR and R. GHOSH, hfwoprtlrol. \Iwo/. Appl. 14.215 ( 1961). 
I3 H. H. KUEHN. Mwo/o.~ia 49. 595 (1957). 
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TABLET. C~R~MA~G~~~HY~FTHE~~ALLI~ID~~~M P.hyalimsporus 
!4TRAIN B GROWNONTHEBASALMJZXUM* 

Ether in wt. of 
Fraction petrol fraction 

No. (%I (mg) A, (mp) and E! &, of fractions? 

0 
2 
5 

: 

3.2 
3:.; 

4.2 
13.2 

weak end-absorption 
$; [ps’; 272 (65x 282 (65x 295 (39) 

weak absorption 260,270,282 
262 (193), 271.5 (265), 281.8 (276), 

293.4 (167) 

107 mg lipid, isolated from 5 mats, cbroma~ograpbed on 10 g 
Brockmann Grade II1 acid-wasbed alumina. 100 ml of each fraction 
were collected. 

* See text. 
t Spectra in cyclobexane, except for the 5% fraction which was 

determined in ethanol. Ei 2, in brackets after absorption peak. 

mould sterol the two fractions were tentatively identified as an esterified (fraction 2) and the 
free form (fraction 5) of this sterol. A comparison of the amounts of ergosterol estimated 
spectrophotometrically with the weights of the fractions showed that the ester sterol con- 
tributed little of the weight of fraction 2, whereas the free sterol accounted for all the weight in 
fraction 5. That fraction 2 contained a sterol ester was confirmed by saponifying the fraction 
and rechromatographing the unsaponifiable fraction on a column of grade III alumina; the 
sterol was now eluted by 20 y0 ether in light petroleum demonstrating that alkaline hydrolysis 
has split off an esterifying group. All the sterol fractions (free and sterol split from the esterify- 
ing moiety) when treated with Liehermann-Burchard reagent (see Methods) gave an immediate 
pink flush which turned via purple and blue to a green colour, showing the presence of a fast 
reacting sterol such as ergosterol. The extinction of the coloured solution was read at h,, 
675 mp, 90 set after mixing the reagent and test solutions, and from a comparison with a 
standard curve it was calculated that in all cases ergosterol would account for > 97 % of the 
sterol present in the fractions. The free sterol fractions were crystallized several times from 
acetone-petroleum ether mixtures and gave crystals m.p. 162-164” (uncorrected) (ergosterol, 
165”) either alone or on mixing with authentic ergosterol. The i.r. spectra determined as 
KBr-discs were found to be superimposable on a spectrum of similarly prepared authentic 
ergosterol. The free sterol fraction and the sterol originally esterified were finally examined 
by gas-liquid chromatography. In all cases the samples showed a major peak having the same 
retention times as authentic ergosterol (A. Dennis, personal communication). 

Fraction 4 (10 % ether in light petroleum) usually showed no selective absorption in the 
U.V. region, but occasionally a trace of ergost$rol was present in this fraction. In these cases 
allowance for this absorption was made when calculating the levels of ergosterol in the fungi. 

Fraction 3 (5% ether in light petroleum), the ubiquinone-containing fraction, had a 
single selective absorption band at 275 w in ethanol, indicative of this quinone. The level of 
ubiquinone in the fraction was estimated at this stage by treatment of a suitable aliquot with 
sodium borohydri& (see methods). Since the fraction in several cases, notably P. &w~o- 
sppor~~ strain B, contained a large quantity of extraneous material which would interfere with 
the identification of the ubiquinone isoprenologue by reversed phase chromatography, the 
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samples were first puritied by semiquantitative chromatography on thin layers of Kieselgel G. 
The fraction \\ns taken up in the minimum \ olume ofcyclohcuane and applied as a stripe to the 
thin layer. marker spot\ \vere placed at each end. After development of the plate uith a 

benzene-chloroform miuturc [I I. v \ 1. the UQ-band (K, 0.32) M~S located bj spraying the 

marker spot\ \vith leucomrthylene blue. “‘and scraped offand the quinonc cluted \vith ether. 

The recovered material. ofnrgligtblo Height. had an 11.1. spectrum quulitati\eI~ tdentical to 
authentic LQ. The nature of the isoprenologues in the UQ-fraction, reco\crcd from thm 
laqers \vas determined b> wwsed phase partition chromatography on thin laqcrs of Kic\elpel 
G impregnated \vith purafin. I5 The chromutoeram\ were de\cloped in 95 5 (1 I\ 1 acctonc 

\\ater. Table 2 gives the R,- values for tSQ,,,-L!Q,,. In all C;IWS the ub~yuinones i\cAlted 

behaved a\ L’Q-. the -35 homologuc. 

Klerclgel G plates impregnated by dlpprng m a 5” ,( M ‘1 
bolutlon of liquid paraffin (medicmal) in 60-80 II& 
petroleum 

The stoicheiometric results for the levels of ubiquinone. cstcritied sterols and the free 
stcrol. for the different fungi on the various media are given in Table 3. From a consideration 
of the dry weight\ (hpid-extracted cells) it can be seen that variation of the nitrogen source 
makes little difference to the density of groath of the fungi. rwept in the case of 3’. roseus 
\\hich failed to gro\\ on wediwn / because ol’its inability to utilize nitrate-nitrogen. The lipid 
vat ues are of interest in that P. I~~a/i/los~~orlrsstrnln A shovvs little 4gmticant \w-iation between 
the four media. except perhaps that growth is slightly better on mrtli~~,?. 3 and 4. this may reflect 
a preference for nitrogen in a more complex form than nitratc. Hwever. P. I~~ditrospom~ 
strain B and P. roscus show marhcd variation in the lipid yields from the various media. the 
levels fluctuating markedly for each organism and shouing a contradrctory behaviour 
between the t\vo species. This may be due to the variation in N-source or possibly the pH of 
the different media; the former explanation is the more probable since only on nzediw~r 2 \$a\ 

any marked variation in the final pH observed (nte~/. 1. 3 and I final pH 7.6 -84: wctl. 2 final 

pH 3.6 3.7). 
The u.v. absorbing terpnoids show several patterns which are probably a reflection of the 

media on u hich the fungi were cultured. For the two strams of P. /~~u/illo.s/~or~/.s the highest 
concentrations of UQ7 are obtained on medium 3 (peptone as the supplementary source): the 
enhancement is more marked with strain B. P. roseus showed similar variations in the L’Q- 

I4 T. IV. Goon\\ IK. LA. Pmct. Apr11( 1964). 
1’ D. R. THRFL F ILL and T. IV. CJo~w\h IL. B/oc/titn. Biop/?F.s. Arm. 78. 5X ( IYh3). 
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TABLE 3. THE LEVELS or UBIQUINONE AND ER GGSTEROL IN THREE SIRAINS OF PSeuharaChniOtUS GROWN ON 

DIFFERENT NlTRoGF!N SOURCES 

Fungus 

Ergosterol 
I , 

Ubiquinone-35 Ester FIX 
Ageof Dry Lipid - & - 

Medium* culture wt.7 wt. (mplg (mglg 
No. (days) (g) (mg) d.w.) (mg) d.w.) 

P. hyalinosporus 
strainA : 

3 
4 

P. hyalinosporus 
strain B : 

: 

P. roseus 1 
3 
4 

80 0.599 39.2 
- 0.755 43.5 
- 0.653 43.4 
- 0.655 43.2 

25 1.53 107 
- 1.34 60.6 
- 1.43 135.3 
- 1.34 48.7 

40 failed to grow 
- 1.09 44.0 
- 0.91 106 

0*048$ 0.08 0.136 O-227 9.3 15.6 
0.267 0.344 0.208 0.269 9.9 12.8 
0.251 0.385 0.618 0.947 11.9 18.4 
0.142 0.217 0.360 0.550 8.2 12.6 

0.288 0.188 0.285 0.186 10.8 7.1 
0.302 0.225 0.238 0.176 12.1 9.0 
0698 0448 0.284 0.199 15.4 10.8 
0.302 0.226 0.239 0.178 11.9 8.9 

0.416 0381 0.332 0.303 10.3 94 
0.539 0.593 0.242 0.266 15.1 16.6 

Values represent amounts from five flasks. 

* N-source in med. 1, 0.2% NaNOa; in med. 2, 0.2% NaN03+0*20/0 ammonium tartate; in med. 3, 
0.2% NaNOJ + 0.2% peptone (Evans) ; and in med. 4,0.2x NaNOJ + 0.2% beef extract (Oxoid). 

t Dry wt. of lipid extracted cells. 
$ Unexpectedly low. 

level for cultures grown on different media; however, in this case the highest increase (- 2- 
fold) was obtained on medium 4 (beef extract). In order to exclude the possibility of the 
organisms deriving their UQ from an exogenous source, the peptone and beef extract used 
in the experiments were exhaustively extracted with ethanol/ether mixtures and the extract 
examined for ubiquinone; in no caSe was this quinone detected. 

This variation in ubiquinone levels was also clearly reflected in the values recorded for 
ergosterol. The highest levels of free and esterified sterol being obtained for those cultures 
having the highest UQ-levels, an exception being the ester&d sterol levels of P. roseus which 
showed the reverse behaviour. A study of the ester stcrol expressed as a percentage of a total- 
sterol gave some interesting results (Table 4). The values show that there is a clear trend in 
P. hySmxpurus strain A for the level of ester relative to free-sterol to rise with increasing 

TABLE 4. ER GOSllSOLESTEREXPRESSEDASA 
PJSKXNTAGE OF THE TOTAL ERGOSTEROL 

Mea. 

: 

: 

P. hyalinosporus 
, 
A B 

14 2.6 
1.9 

;:; 1.8 
4.2 2.0 

P. roseus 

- 
- 

3.1 
1.4 
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medium complexity, the highest value occurring in the rttedim 3 lbhich supports maximum 
ubiquinone synthesis. In direct contrast to this, strain B shows little variation in relative 
amounts on all media used. P. roseus shows the same trends for media 3 and 4 \! ith regard to 
the sterols as does strain A. but differs markedly in that this relati~~nship is not paraiielcd by 
the ubiquinone values. 

The fmding of ubiquinone-35 as the isoprenologue occurring in these organisms was not 
unexpected, since it has been demonstrated that the Ascomycetes may contain any of the 
homologues from UQh to l_JQttl except UQX. From the limited studies that have been carried 
out it is impossible to say if the Eumycetes exhibit any relationship bet\teen the chain-length 
of the ubiquinone homologue occurring and the degree of organization of the fungi. This 
aspect would seem to be worth further investigation from a systematic \ icnpoint. 

EXPERIMENTAL 

Ttn o strains A and B of PsetrciaaPacltniot~rss ~l~a~i~l~s~orl~.~ Kuehn et al.* and one strain of 
P. roseus Kuehn were used in this investigation. The three strains were isolated in Alexandria 
from the floor of a chicken house. For their isolation a pemcillin-streptomycin mixture was 
used to check bacterial grotath and actidione* to suppress growth of other fungi. The fun&i 
\\ere marntained on dextrose-peptonc-beef agar slopes at room temperature, Strain A has 
white, erect hyphae Rhich on ageing turn greenish-blue. Strain B did not have conspicuous 
erect hyphae. but its more or less prostrate mycelium is dark yellow \\ ith exudate< of greenish 
yellow droplets. 

Cirltural Conditions 

The fungi were grown in liquid media of the following basal composition per litre: 
dextrose. 10 g: KH,PQ+ 1 g; MgSO~.7H~O, 05 g; NaNOJ. 2 g and O-5 ml of a micro- 
element solution (equivalent in ppm to 0.005B. O-02 Cu. O-10 Fe, 0.01 Mn. MO and O-09 Zn. 
prepared from H,BO+ 28*5 mg; CuSO,. 5HzO. 78.5 mg; Fr(NH1)2(SOjl~.6H,O. 702 mg: 
MnSOA.4H,0, 40.5 mg; ZnSOj. 7H10. 39.5 mg, molybdic acid. 18 mg: distilled \tater lo 
make 500 ml}. To tbis basal solution was added either O*?“, ammonlun~ tartrate, peptonc 
(Evans) or beef extract (Qxoid). P. roseus failed to grow on the basal medium owing to its 
inability to utilize nitrate-nitrogen. 

Inoculation of 100 ml Iiquid media dispensed in 250 ml. Erlenmeycr fasks MBS carried 
out %ith a spore and hyphal suspension prepared from an agar culture. The organisms Mere 
allo\ved to grou’ in live-replicate static cultures at 30 until thick mycelial mats \+erc obtained. 
Strains A and B vVere grown for SO and 25 days respectively. \\ hilt P. row/c \+;1~ gro\\ n for 
40 days. 

E.Worrion of the Airrt 

The mycelial mats were harvested by filtration at the pump and washed thoroughly \vith 
distilled itrater to remove adhering media. The tissue was then chopped finely R ith a pair of 
scissors and extracted successively with hot acetone. ethimol and finally diethyl ether. The 
lipid extracted cells u’ere oven dried (50.) and weighed. The extracts were bulhed rn a separat- 

x Kindly Identified by the Commonwealth MycologIcal Institute. Kew. 
i Appreciation is expressed to the Upjohn Co.. Kalamazoo, Mxhigan, for the gift of the Actidlone used. 
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ing funnel and the acetone and alcohol removed by washing with water. The ethereal lipid 
extract was dried overnight over anhydrous sodium sulphate (Analar), filtered and taken to 
dryness under N> All manipulations were carried out in subdued light. 

Chromatography of the Lipid 

The lipid (50-100 mg) was suspended in a small volume of petroleum ether (40-60”) and 
chromatographed on 5 or 10 g of deactivated alumina (Brockmann grade III, Woelm 
(aniontropic)). The column was developed by stepwise elution, 50 or 100 ml., fractions of 
ether and light petroleum being collected (0,2,5, 10 and 20 % ether in light petroleum). The 
ubiquinone was eluted with 5 y0 ether in light petroleum. Ergosterol ester and ergosterol were 
eluted by 2 and 20 % ether in light petroleum, respectively. 

Sapon$cation 

The 2 % ether in light petroleum fractions containing ergosterol ester, were saponified by 
refluxing for 30 min with 2 ml 60 y0 aqueous KOH and 3 ml ethanol. The solution was cooled, 
diluted with 2 vol of water and extracted three times with ether. The bulked ethereal extracts 
were washed with water until the washings were no longer alkaline to phenolphthalein. The 
extract was dried over anhydrous Na2S04, filtered and taken to dryness under Nz. 

Thin-layer Chromatography 

Thin-layer chromatography was carried out on layers of “Kieselgel G” (E. Merck, 
Darmstadt, Germany). Reversed phase chromatography was carried out on thin layers 
impregnated with paraffin (5 % in 40-60” petrol). is The plates were developed in a saturation 
chamber.' ‘j The solvents used to develop the plates are detailed in the text. Ubiquinones were 
visualized by spraying with leucomethylene blue, the quinone spots becoming blue 
immediate1y.l’ Squalene was visualized by staining with iodine vapour.” 

Estimation of Ubiquinone and Ergosterol 

The amounts of ubiquinone in the chromatographic fractions were determined spectro- 
photometrically (in ethanol) using the procedure described by Pumphrey and Redfearn’s 
Ergosterol levels (free and ester&d) were determined spectrophotometrically in cyclohexane 
at 282 w after correction for irrelevant absorption;lg Ei& at 282 rnp for pure ergosterol 
was taken as 310. The extinctions (E) of the extracts were read at 276 rnp (El), 282 q (EJ 
and 288 w (ES). The equation obtained was: E,,, 282 mp (A,_) = 1.54 (2E,- El - EJ. 

All spectra were recorded with the Perk&Elmer Uvicord, 137 U.V. spectrophotometer. 
The Liebermann-Burchard reaction was carried out under the conditions described by 
Davies.2o 

Infra-red spectra were determined as KBr-discsZ1 using the Perkin-Elmer Model 137E 
Infracord. 

16 B. H. DAVIES, J. Chromt. 10,578 (1963). 
17 E. I. Mmcm, B. H. DAVIES and T. W. GOODWIN, E&hem. J. 87,317 (1963). 
1s A. M. Pusrrp~a~y and E. R. REDI’EARN, Biochem. J. 76,61(1960). 
19 R. A. MORTON and A. L. STWRS, Anulyst. 7% 845 (1964). 
20 W. E. DAVIES, Ph.D. Dissertation, U.C.W. (Abcrystwyth). 
210. RoBEu-~~, R. S. GALLAG- and R. N. Jw, Znfru-red Absorption Spectra of Steroids, Vol. Zf, 

In-, New York (1958). 
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Petroleum ether (40-60 ) and ethyl ether were dried over sodium wxc and redistilled; the 
ethyl ether 1%~ also distilled over reduced iron immediately prior to use. Ethanol and 
qclohewne were of spectroscopic grade. 

.4ckllo~le~/~emort.c-H. M. Yusef wishes to thank the Authorities of Alexandria University for the fellowship 
and sabbatuxl lea\e which made thi\ study possible. We wish also to achnowledgc supper t from the D.S.I.R. 
and to thank D t. Lewis for expert technical asslstance. 


