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Abstract--A new quinone isolated from Ei&na grucifis was characterized, using principally spectrometric 
techniques, as rhodoquinone-9. The level of this compound was similar in both autotrophic and etiolated 
cultures suggesting that it did not function in photosynthesis. The evidence suggests that rhodoquinone is 
probably of mitochondrial origin. Also the absence of rhodoquinone and ubiquinone and the presence of 
“plastidic quinonea” in Anaboena vurk&Uis is contrasted with the reverse situation in another procaryotic, 
photosynthetic micro-organism Rho&spirillum rubrum. 

INTRODUCTION 

THE isolation and partial characterization of rhodoquinone from Rhodospidlum rubrum 
was first described by Glover and ThrelfaLl Further work by Moore and Folkem has 
shown the compound to be the derivative of ubiquinone-10 in which one of the methoxyl 
groups is replaced by an amino group (I, n = 10). 
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The elegant work of Parson and Rudney3 has made it quite clear that in R. rubrum, 
rhodoquinone is formed from ubiquinone. Since R rubrzun is a photosynthetic micro- 
organism, Moore and Folkem have suggested a possible role for rhodoquinone in photo- 
synthesis. 

The present paper reports the isolation, properties and characuxization of a shorter 
isoprenologue of rhodoquinone, rhodoquinone9, from dark-grown, heterotrophic, etiolated 
cultures as well as from light-grown, autotrophic cultures of EugIena gracih3. The relevance 
of this finding to a possible role of the quinone in photosynthetic electron transport is dis- 
cussed. The biosynthetic relationship between rhodoquinone-9 and ubiquinone9 in this 
organism is considered elsewhenz4 
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RESULTS AND DISCUSSION 

The level of the new quinone is about the same (250-300 pg/g dry wt.) in both autotrophic 
and heterotrophic cultures of E. grucilis when these are harvested in the late log phase. 
However, it is more convenient to grow the organism in bulk under heterotrophic conditions 
and in fact the yield of organism from each litre of medium is considerably higher than when 
grown under autotrophic conditions. For these reasons E. gracilis was grown in the dark in 
forty (separate) litres of heterotrophic medium over 5 days. The harvested organism was 
lyophilized and the extracted lipid was chromatographed on columns of silicic acid-celite 
(2:l). Further chromatographic purification on thin layers of silica gel G. followed by 
crystallization from ethanol yielded a pure specimen of the quinone. The compound crys- 
tallized in spherical clusters of tightly packed needles, magenta in colour and which melted 
at 66.5-67 . 
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FIG. 1. THE ALWRPTION SPECTRUM DF THE E&wa QUINONE IN FTHANOL. 

SO-4OO nm, 4.285 mg ““, 400-630 nm. 36.6 mg UO. 

Ultra-violet Absorptiotl 

The U.V. absorption spectrum of an ethanolic solution of the quinone is shown in Fig. 1. 
The E:$ values at AX,, 283 and 506 mn are respectively 140 and 17.8 with that at hmin 
253 nm being 61.1. The positions of these maxima and minimum agree well with those of 
rhodoquinone- 10 (hh,, 283. 500 nm, hmin 253 nmr) but the El& values are a little higher 
than those of rhodoquinone-IO (E,‘ij, 126.2 at 283 nm3). Both the Euglena quinone and 
rhodoquinone- 10 gave M,,, at 279 nm and 506 nm with )(min at 252 nm. Jvhen dissolved in 
cyclohexane. 

Treatment of an ethanolic solution of the compound with sodium borohydridc followed 
by saturation of the solution with nitrogen resulted in the peak at 283 nm being replaced by a 
new peak at 290 nm. The intensity of this new peak was about 50 per cent of the original 
peak at 283 nm. The reduced material was colourless. the peak at 506 nm having dis- 
appeared. This change in U.V. absorption is characteristic of the reduction of rhodoquinone- 
1O.3 When the solution was not saturated with nitrogen immediately after borohydride 
treatment, the rapid appearance of a peak at 290 nm (after 30 set) H as folloned by a gradual 
rise in intensity and shift of the peak. After 4 min h,,, was at 284 nm (E,ri~ 118) and the 
purple colour had reappeared. The change continued, to give Ama, at 289 nm (E,‘&, 145) 
after 22 min and h,,, at 295 nm (E:fk 211) after 50 min. A series of spectral changes of this 



Propertie and sign&ma of rhodoquinonc-9 in Eug~na 1237 

sort for rhodoquinone was first described by ThrelfalLs While the initial effect of borohydride 
is undoubtedly due to reduction of quinone to quinol, it seems clear that the further spectral 
changes are due to phenomena more complex than, or in addition to, the simple reoxidation 
of quinol to quinone suggested by Parson and Rudney.j 

The U.V. absorption spectrum obviously indicates the presence of the same chromophoric 
group in the EugZena quinone as is present in rhodoquinone-10. The intensity of the spectral 
maxima suggests that the molecular weight of the quinone is a little smaller than that of 
rhodoquinone-10. 

Infia-red Absorption 

The i.r. absorption spectrum of the Euglena quinone was determined as a potassium 
bromide disc and compared with that of ubiquinone-10, also studied as a potassium bromide 
disc. The spectrum of the Eugkna quinone is recorded in Fig. 2. The probable assignments 
of the main areas of absorption are listed in Table 1. The presence of an NH2 group is 
confirmed by the presence of peaks at 3478 and 3362 cm-*. Inframd absorption due to 
N-H deformation probably explains why absorption in the 16104615 cm-l region was 
stronger in the spectrum of the Eugkna quinone than in the spectrum of ubiquinone. Pen- 
nock6 has sum marixed the arguments for and against the absorption band at 1266 cm-l 

TABLET. 1~ -0NOFTHE Eu.@ena QUINONBANDOFUBIQ~JINONE-10 

Positions of absorption bands (cm-l) 

Euglena quinone Ubiquinone-ld 

3478 
3362 

2850-3050 
1650 
1610 
1610 
1580- 
1445 

1380 
1350 
1309 
1285 

1209 
1149 
1103 

995 

z 
785 
740 

2850-3050 
1653 
1615 

1380 

1290 
1266 
1205 
1152 
1100 
1015 

872 
785 
740 

Probable ass&men& 

N-H stretching' 

C-H stretching and deformation’ 

$!$o~;gg$; 

N-H deformation’ 

Methyl C-H asymmetrical deforma- 
tion' and methylene C-H 
deformation’ 

Methyl C-H symmetrical deformation7 
? 
C-N stretching’ 
Associated with quinone group?6 
? 
O-CHs vibration6 
O-CI$ vibration6 
O-Cl& vibration?6 
? 
? 
7 

ytitL6m bands of tri-substituted 

5 D. R. THRELS~, Ph.D. Thesis, University of Liverpool (1962). 
6 J. F. PENNOCK, In Biochemisrty of Quinones (Edited by R. A. MORTTIN), p. 67. Academic Press, New York 

(1965). 
’ L. J. BEX.LAMY, 77~ I&wed Spectra of Complex Molecules. Methuen, London (1958). 
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in the spectrum of ubiquinone being due to the presence of methoxyl groups. The fact that 
this band is absent from the spectrum of rhodoquinone-105 and from the Euglenu quinone 
is evidence against it being due to CH3--0 vibrations. The similar patterns of absorption of 
the quinone and of ubiquinone in the regions 2830-3050, 1380-1445 and 740-872 cm-’ is 
consistent with the presence of a long polyisoprenoid side-chain in the Ezrglena quinone. 

I I I 
Jocrl 3cnc ZOO? 16’3~ 12x la-,; 

cm-’ 

FIO. 2. THELR. ABSORPTION SPECTRUM OF THE Eugkna QUINONE (KBr DISC). 

Nuclear Magnetik Resonance 

The NMR spectrum of 20 mg of the quinone in carbon tetrachloride was determined at 
60 MC/S; Table 2 records the relevant data. It can be seen that the spectrum is reasonably 

TABLET. NUCLFARMAGNETICRESONAKEDATAFORTHE Euglem QUINONE 

Expected relatwe 
areas for: 

Position of Relative area Assignment* c---“-l 
peak (7) of peak of peak RQ-9i RQ-1Ot 

--- .__-_. _ ____ 

4.90 
5.52 
6.12 
6.80 

7.93 

8.7 
1.5 
3.0 
1.5 

33-9 

8.17 

8.28 (shoulder) 32.4 

840 

Total areas 81.0 

I 
-cHL_c- 9 10 

ring --NE1 2 2 
ring -OC_H3 3 3 
ring --CEJy- 
ring -C& 
side chain -C&--‘s 

CJS 
I- 

trnn~ -CH=C - next to ring 6 3 3 

CH3 
I 

cis, terminal -CH=C- 6 3 3 

CH3 
I 

tram, CH-=C 6 24 ‘7 

81 89 

* The resonating proton is underlined. 
t RQ- rhodoquinone abbreviated. 
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consistent with the compound being rhodoquinone-9. The spectrum shows that the poly- 
isoprenoid side-chain is all trans. The shoulder at 828 T was of the same intensity as the 8.17 T 
peak, the area of which was close to 10 per cent of that of the combined areas of the peak at 
840 T and the shoulder at 8.28 7. This agrees with the presence of only one methyl cis to an 
01eGnic proton, namely one of the two methyl groups in the terminal isoprene unit. The 
positions of the peaks reported in Table 2 are close to those previously reported for rhode 
quinone-10.2 

Reverse&phase Partition Chromatography 

Small quantities of rhodoquinone-9 and rhodoquinone-10 were prepared by ammonoly- 
sis * of ubiquinone-9 and ubiquinone10. Rhodoquinone-9 was also isolated from a culture 
of R. rubrum. The mobility of these three preparations when subjected to reversed-phase 
partition chromatography was compared with that of the Eugkna rhodoquinone. The Rf 
of the EugZena rhodoquinone (064) was the same as that of synthetic rhodoquinone-9 but 
was dilferent from that of synthetic rhodoquinone-10 (051). The RhodwpiriZhm rhodo- 
quinone gave a major spot corresponding to rhodoquinone-10 and a small spot corresponding 
to rhodoquinone-9. It seems likely that of the rhodoquinone isolated from R. rubrum, 
approximately 5 per cent may be rhodoquine-9. 

Mass Spectrometry 

The tial proof that the new figlena quinone is in fact rhodoquinone-9 was provided by 
its mass spectrum. A histogram of the mass spectrum in which the height of the peaks is 
represented as a percentage of the height of the base peak at m/e=69, is shown in Fig. 3. 
The intensities of the more prominent peaks and their most likely assigmnents are recorded 
in Table 3. A prominent molecular ion at m/e= 779 occurred and a cracking pattern indicat- 
ing consecutive loss of 69 (once) and then of 68 (seven times) was also quite clear. This is good 
evidence of the progressive loss of eight of the nine isoprene residues (including the terminal 
residue). Such a pattern is common to the mass spectra of ubiquinone, solanesol, casta- 
prenols, dolichol (unpublished work) and of plastoquinones s and is that expected from rupture 
of the energetically relatively weak links between the adjacent methylene groups in the poly- 
isoprenoid chains. The quinone ring influenced the rupture of the lmal isoprene residue at 
the bond /3 to the ring to leave one methylene group attached to the ring. The ion so produced 
appeared to be present as the quinol rather than as the quinone. Possibly the increased aro- 
matization stabilized such an ion. It is relevant that ubiquinone-4 also gave a prominent peak 
(m/e = 197) corresponding to the quinol carrying a methylene group instead of the isoprenoid 
side-chain (unpublished work). The mass spectra of plastoquinones also show quinol ions.s 
No prominent peaks resulting from the rupture of the rhodoquinone nucleus were observed. 
The more prominent of the low-mass peaks could be accounted for on the basis of their 
arising from the terminal unit of the side chain. The assignment of the peaks at m/e=41 
and 8 1 requires migration of double bonds. The peaks at m/e = 41,55 69 and 81 are common 
to the mass spectra of ubiquinone, solanesol, castaprenols and dolichol (unpublished work). 

Analysis 

Eugkna rhodoquinone analysed as C, 81.79; H, 10.81; N, 1.55 %. The theoretical figures 
expected for rhodoquinone-9 are C, 81.53; H, 10.51; N, 1.76%. 

8 B. C. DAS, M. Lmmm, C. TENDILLE and B. LEDERER, B&chem. Biophys. Res. Commnn. 21,318 (1965). 
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FIG. 3. A IiLTlXXRAl# OF THE MASS SSCTRUM OF THE &b&kIk2 QUINONE SHOWING THE lNTENSlTIE.3 OF 

THE PEAKS RELATIVE TO THAT AT m/e 69 (ARWIRAR Y INTENSITY= 100). 

Peaks of intensity less than 5% (m/e 30-250), 0.2% (m/e 250430 and 760-830) and 044% (m/e 
430-760) of that of the peak at m/e 69 have been omitted. 
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T-3. A~~I~~MRNTS AND REL.MM3 IN’lBNSlTW OF THE MORE PROMINENT PEAKS IN THE MASS SPECXRUbf 

OF EU&~~RHODOQUJNONE 

m/e Intensity* Assignment m/e Intensity* Aasilplment 

41 26 HGC+ or Hz <i ‘C+H 
HS’ H& 

69 100 yCbCH<+H, 
3 

H2Ck-CH=CH-C+H 
H,C’ 

2 

81 or 

H3C 
‘C==CH-CH==C+H 

H3C’ 

182 37 

220 

234 

80 

3 

11 --r-C+ X-CH2-CH- Hz 

302 3.2 212+ 

370 @9 

CH3 
I 

438 0.4 X-[CH2-CH==C-CH2],+ 

H3 

506 0.34 --cH215+ 

CH3 

574 0.26 -& X-[CH&H- -CH2]6+ 

642 0.22 

CH3 

710 0.14 4 X-[CH2-CH= -CH21s+ 

764 0.9 M+ minus CH3 

779 4.7 X-[CHdHxH2,gH] +or M+ 

* Relative to m/e 69 - 100. 
tOracyclic isomer thereof. 
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General Discussion of the Chemistry of R~lodoqui~lone-9 
The evidence already discussed shows that the Euglena quinone is in fact rhodoqiunone-9 

(1, II = 9). The problem still remaining is the precise position of the amino- and methoxyl- 
groups.* Clearly there are two possible isomers. Moore and Folkers z have argued that since 
natural rhodoquinone-10 has a melting point of 69-70” and synthetic rhodoquinonc- IO has 
a melting point of 39-45’, natural rhodoquinone-10 is probably just one of the isomers while 
the synthetic material is most likely a mixture of the two possible isomers. The metting point 
of 665-67” of Eugkvza rhodoq~none-9 supports the idea that this compound. also. is only 
one of the two possible isomers. 

Tt seems that to determine which of the two isomers is present. one really needs to make 
the two possible positions for the ammo- and methoxyl-groups markedly nob-equivalent. 
The most obvious way of doing this would be to cause the compound to cyclize to the hypo- 
thetical compound rhodochromenol (Fig. 4). The product should then hate some properties 
in common with either an ortlzo-amino phenol or a metu-amino phenol. These two com- 
pounds should be distinguishable on the basis of a number of well-known chemical tests and 
probably also by NMR. 

FIG. 4. THE HYPOTHETlCAL CYCLtZA’lTON OF RHODCQUINONE-9 TO RHO~TXJCXRO~~ENOL-8. 

Probably the best method for converting ubiquinone to ubichromenol is that involving 
refluxing the quinone with pyridine.g This method was attempted with natural rhodoquinone- 
9 but unfortunately the yield was very poor and msufhcient natural compound was available 
to produce the rhodochromenol required to carry out the appropriate chemical tests. Ob- 
viously, pin-pointing the precise position of the amino- and methoxyl-soups will be difficult. 

Compound 

I&& c&g dry wt.) 
I 

Autotrophic cells Etiolated cell; 

Plastoquinone-9 306 0 
a-Tocopherolquinone 383 
Ubiquinone-9 140 14; 
Phytoene 72 _. 
Phytofluene 6;: - 
a-Tocopherol 53 

* In a very recent paper H. W. MOORE and IL FOLKEB (J. Am. &em. Sot. 88,567,1966f have shown, 
by very elegant work involving NMR, that rhodoq~none-10 from R. ~~~~~ has its amino group par<g and 
its methoxyl group meta to the isoprenoid side-chain. 
0 D. MCHALE and 5. GREEN, Ckem. & fnd. (~ndon) 1867 (1962). 
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Levels of Rho&xpino~ mul Other Po&isopnoid Compounds in Light- and Dark-grown 
Euglena 

One of the most interesting aspects of the discovery of rhodoquinone-9 in E. gradi.s is 
that the levels (250-300 pg/g dry wt.) of the compound are essentially the same in both light- 
grown, autotrophic cells and in dark-grown, heterotrophic etiolated cells. The latter type of 
cells do not contain chloroplasts. The levels of various other isoprenoid compounds in the 
two types of cells are reported in Table 4. It is not surprising to find that the plastidic quinones 
p~toq~none and &ocopherol quinoue could not be detected in etiolated cells whereas in 
light-grown cells both of these quinones were present at relatively high levels (see also Ref. 10). 
These plastidic quinones function in photosynthetic electron transport.il On the other hand 
the levels of ubiquinone-9 in the two types of cells were almost identical; a situation consistent 
with ubiquinone functioning in mitochondrial but not photosynthetic electron transport in 
E. grad&. The simile levels of rhodoquinone in light- and dark-grown cultures of EugZenu 
also point against a function for this quinone in photos~~etic electron transport in this 
organism. It is also relevant that rhodoquinone was not detected in the lipid extracted from 
chloroplasts, of E. gradis, prepared by the non-aqueous method described by Smilliel* 
whereas both plastoquinone-9 and or-tocopherol quinone were present. 

It will be shown elsewhere4 that rhodoquinone-9 is in fact a metabolite of ubiquinone-9. 
Whether or not rh~oq~none has a similar role in ~t~hon~~ electron transport to that 
of ubiquinone is not yet known. Moore and Folkem* have suggested that, in the photo- 
synthetic bacterium R. rubrum, rhodoquinone-10 may have a function in photosynthetic 
electron transport. The work reported here makes it clear that this is not its function in all 
photosynthetic micro-organisms. 

Although not directly relevant to the main theme of this paper, auother point in Table 4 
is of interest. This is that the two carotenoid precursors, phytoene and ph~oflu~e, appear 
to accumulate in the etiolated cells. This is contrary to the findings of Goodwin and Jami- 
korni3 with different strains of E. grads. It appears that in etiolated E. gracilis var. bacillaris 
there is no marked reduction in the biosynthesis of phytoene and phytofluene but that the 
rate of their further metabolism to carotenoids is reduced. This leads to accumulation of the 
two compounds in etiolated cells. A detailed search for lycopersene was unsuccessful. This 
is in keeping with the idea that phytoene is the first hydrocarbon produced during the bio- 
synthesis of carotenoids (see e.g. Ref. 14). 

Other Orgmtisms 
The lipids of E. grad& “strain 2;” (No. 122417-4 of the Culture Collection of Algae and 

Protozoa, Botany School, Cambridge University) and of the blue-green alga Anabaena 
variabilis (made available trounce ~dcoo~tion of Dr. N. G. Carr) were also examined. 
The experiments on Anabaena were done concurrently with those reported recently by Carr 
and Hallaway.is 

Rhodoquinone was present in the lipids of E. gradis “strain Z” but none was detected 
in the lipids of Anabaena. This was not very surprising for, despite a thorough search, 
ubiquinone was also found to be abseut. 

10 D. R. T’HRELS~ and T. W. GCODWIN, &&em. I. 90,40 (1964). 
11 R. A. DILLEY and F. L. CRANE. Plmrt PhdoI. 39.34 (1964). 
‘2 R. M. Smnu~, Can. J. Botuny il, 123 (l&53). - - - 
33 T. W. GOODWIN and M. Jxwxco~~, J. Protozool. 6,216 (1954). 
14 B. H. DAVIES, D. Jo- and T. W. GOODWIN, &&em. J, 87,326 (1963). 
15 N. G. CARR and H. M. -WAY, Biochem. J. W,9c (1965). 
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The further analysis of the lipids of Anabuena provided additional interest. The presence 
of plastoquinone-9, phylloquinone and cr-tocopherol quinone was confirmed by U.V. spectros- 
copy and by co-chromato~aphy with authentic compounds on thin layers of silica gel G 
and on parafhn-impregnated paper. As in Eugkma, there was no evidence of the presence of 
plastoquinones-B, C or D. The JeveIs of those quinones present were: phylloquinone 
74 pg/g dry wt. (mean of two results, 73 and 75), p~stoquinone-9 207 pg;‘g dry wt. (mean of 
three results, range 194-219) and r*-tocopherol quinone 259 pgig dry wt. (mean of three 
results, range 240-286). When the organism was grown with reduced light intensity. the 
levels of plastoquinone-9 (150 pgjg dry wt.) and of ar-tocopherol quinone (167 /lg. g dry wt.) 
were lower but the level of phylloquinone (74.5 pg/g dry wt.) was essentially the same as 
before. This may be indicative of a role for phylioquinone in non-photosynthetic electron 
transport in this particular organism. 

a-Tocopherol also appeared to be missing from the lipid of Anabaenu. Certainly the 
amount present must have been low. However, it was difficult to rule out the possibility of 
the presence of trace amounts, because of the presence of interfering carvtenoids. 

The evidence of the Euglena experiments was that ubiquinone and rhodoquinone are not 
associated with chloroplasts. They are most likely mitochondrial constituents. It is of 
taxonomic and evolutionary interest that in the procaryotic. plloto~~nthetic micro-organism 
Anaebaena neither ubiquinone nor rhodoquinone were detected, whereas the normal plastidie 
quinones were present in relative abundance. It is of similar interest that in another pro- 
caryotic, photosynthetic micro-organism R. rubruna the reverse situation holds. The lipid 
of R. rubrtan yields both mitochondrial quinones ubiquinone and rhodoquinone but does 
not contain the plastidic quinones plastoquinones and phylloquinone (or mcnaquin~~ne).s 
Investigations regarding the presence of tocopherol quinones in this organism have not >et 
been reported. 

EXPERIMENTAL 

Large-scale Isolation of Rhodoquinone-9 from Heterotrophic Culrures 

The culture of E. gracilis var. badlaris (culture 122417 from The Culture Collection of 
Algae and Protozoa, Botany School, Cambridge University) was grown initially at 28” in 
continuous light on slopes of composition 2.5 g NaCI, 3 g sodium acetate. 10 g peptone and 
20 g agar. all made up to 1 1. with water. This was followed by subculturing a number of 
times in complete darkness. By this time the organism appeared tv be entirely lacking in 
chlorophyll. The organism was then grown in 2-J. flasks containing 1 I. of the defined organic 
medium of Bach supplemented with vitamin Brl and metal ions.rn Growth continued for 
5 days at 28’ in the dark either in a New Brunswick incubator with tigorous shaking or in an 
incubator oven with forced aeration. Altogether 40 1. culture was grown and this was 
harvested by centrifugation at 1600 g for 5 min and the packed cells were washed bc t-e- 
suspension in water followed by further centrifugativn. The washed cells yielded approui- 
mately 100 g freeze-dried alga. This was then extracted at room tem~raturc with 51i 
ethanol-ether (v,%) until all the lipid-soluble pigments were extracted. The cthanvl was 
removed by washing twice with a solution of (NH&SO4 (5 ;; w&f, and the ethereal solution 
dried over Na2S04 and evaporated finally under nitrogen. The resulting lipid ( + 27 g) was 
dissolved in light petroleum and chromatographed on 4 x 200 g columns of silicic acid-celite 
545 (2313. With each column. after running 1 1. 8“; E-F (8Td v/v diethyl ether in light 

16 M. K. BACH, 3. Protozool. 7, 50 f 1960). 
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petroleum), 1 1. 12% E-P eluted material containing rhodoquinone. This fraction was 
chromatographed preparatively on thin layers (250 ~1 thick) of silica gel G, using 30 % (v/v) 
isopropyl ether in light petroleum as solvent. The rhodoquinons (the only purple band 
present) was extracted from the adsorbent with ether and, after removing the solvent, it was 
then crystallixed a number of times from ethanol at - 20” to yield 28 mg pure rhodoquinone-9 
m.p. 665-67” (Kofler block). 

Growth of Autotrophic Cultures of E. gracilis 

E. graciZis was grown autotrophically in the chemically defined medium of Cramer and 
Myers,l’ 750 ml medium was used in 2-1. penicillin pots which were continuously gassed 
with 5% CO,-air and incubated at 28” with adequate shaking and illumination (400 lx) 
from strip lights situated above the pots. The cells were harvested in the logarithmic phase 
after 5-7 days’ growth, by centrifugation and the lipid was extracted as described above. 

Unsaponi@able Constituents of Light- and Dark-grown Euglena 

A number of analyses were made on the two types of cultures. On each occasion the 
lipid was chromatographed on acid-washed ahunina of activity slightly greater than that of 
Brockmann Grade 3. Through each 10 g alumina was passed successively 100 ml each of 
lightpetroleum, l%E-P,4%E-P,8%E-P, 15%E-Pand25%E-P. 

Phytoene and phytofluene (when present) were eluted mainly by light petroleum but a 
little phytofluene appeared in the 1% E-P fraction. These compounds were recognized and 
assayed by the characteristic U.V. absorption showing, in cyclohexane, sharp ;\_ at 276,296 
and 298 nm and at 333,349 and 364 nm respectively (see e.g. Ref. 18). They were not present 
in the lipids of autotrophic Euglena. Thin-layer chromatography (silica gel G, 250 ~1 thick, 
light petroleum as solvent), using synthetic lycopersene as marker (&0.55) failed to reveal 
the presence of lycopersene. 

/?-Carotene and saturated long-chain esters were quite apparent in the 1% E-P fractions. 
P-Carotene had the same U.V. absorption and R/ on thin-layer chromatograms as authentic 
p-carotene. The esters were identified by i.r. spectroscopy. In the etiolated cells these esters 
accounted for about 50 per cent of the total lipid. The corresponding figure for autotrophic 
cells was about 25 per cent. The ester is probably mainly myristyl myristate (see Rosen- 
berg’?. Traces of phylloquinone were detected in this fraction from the etiolated cells. 
Ergosteryl esters, plastoquinone-9 and a little a-tocopherol were eluted by 4% E-P. The 
plastoquinone-9 could be isolated by preparative thin-layer chromatography (silica gel G, 
500 p thick, 3 % E-P as solvent). The quinone was then assayed by the change in absorption 
at 255 nm on reducing an ethanolic solution with sodium borohydride (d,‘~=200).20 The 
amount of plastoquinone-9 in heterotrophic cells was less than 1 pg/g dry wt. Only plasto- 
quinone A (plastoquinone-9) was encountered. This had the same Rf (028) as synthetic 
plastoquinone-9 when chromatographed on paraffin-impregnated paper, using 1% (v/v) 
water in diiethylformamide as solvent. Later chromatographic fractions failed to reveal 
the presence of either plastoquinone-C or plastoquinoneD. 

Ubiquinone-9 and most of the a-tocopherol was eluted by 8% B-P. Ubiquinone was 

17 M. CRAMER and J. MYERS, Arkiv. Mikrobiol. 17,384 (1952). 
18 F. W. IGammc+, R. A. MORTON and J. F. F’ENNOCK, Proc. Roy. Sot. Bl58,291(1%3). 
19 A. ROSENBERG, Biockemistry 2,1148. 
20 F. L. CRANE, Ciba Found. Symp. Quinones in Ekvdron Transport 36 (l%l). 
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estimated by the drop in absorption at 275 nm (A:Ti = 154) 2o on adding sodium borohydride 
to an ethanolic solution. That the compound was the isoprenologue containing nine isoprene 
residues was shown by reversed-phase partition paper chromatography. The ubiquinone was 
first purified by preparative thin-layer chromato~aphy (silica gel G (500 p thick) 20 7: (v/v) 
isopropyl ether in light petroleum) and was then crystallized once from ethanol. On paraflin- 
impregnated paper, using dimethylformamide as solvent, the l’$ of the Euglena ubiquinone 
was found to be identical with that of synthetic ubiquinone-9 (R.f044), confirming the finding 
of Threlfall and Goodwin.1o 

The tocopherol was identified as ac-tocopherol by two-dimensional thin-layer chromato- 
graphy according to the method of Pennock, Hemming and Kerr.” Similar treatment of a 
portion of the total lipid failed to revea! the presence of any tocotrienols or tocopherols other 
than a-tocopherol. The level of a-tocopherol was estimated by the method of Whittle and 
Pennock (Private communication). This involved location of the tocopherol on a two- 
dimensional chromatogram by spraying with fluorescein and 1 ieaing under U.V. The toco- 
pherol was e&ted and estimated by the Emmerie-Engel method as recommended by the 
Analytical Methods Committee.‘” 

The 15 “/< E-P fractions contained rhodoquinone, ergosterol and a-tocopherol quinone. 
a-Tocopherol quinone was estimated by the change in absorption at 262 nm on reduction of 
an ethanolic solution with NaBHa (A,$,&= 414).“3 It was found difficult to estimate rhodo- 
quinone with any accuracy in the presence of a-tocopherol quinone and ergosterol. The 
level of rhodoquinone in the lipid was more readily assayed by first subjecting the appropriate 
chromato~aphic fraction to two-dimensional thin-layer chromato~aphy. The adsorbent 
was silica gel G (500 p thick) and the solvent in the first dimension was 30 “; (v,‘s) isopropyl 
ether in light petroleum and benzene in the second dimension. In this way rhodoquinone 
could be separated from most other compounds, includingcarotenoids, ergosterol. tocopherol 
quinone and (when present) ubiquinone. The rhodoquinone (the only purple area on the 
chromato~am) was eluted from the chromatogram and estimated s~trophotometricaily. 
It was found unsatisfactory to assay rhodoqujnone by reducing with sodium borohydride. 
Bubbling nitrogen through the reduced solution was inconvenient and tended to concentrate 
the solution due to evaporation of the ethanol. Without bubbling nitrogen through the 
solution, reduction was never complete and the spectrum was changing continuously. 
Rhodoquinone was assayed dire&y from the spectrum in ethanol using the equation 
E2s3 corr = 3.78 EZs3 - l-96 EzE,,, - i-84 Ete9 to eliminate irrelevant absorption. This equation 
was derived from the spectrum of pure rhodoqujnone-9. assuming that the irrelevant absorp- 
tion was linear between 269 and 295 nm (cf. method of Morton and Stubbs u for vitamin A). 
The E:&, of pure rhodoquinone-9 was taken as 140. 

Culrure of Rhodospirillum rubrum 

R. rubrum (NCIB 82.55) was grown anaerobicaIiy at 30” in the light using the medium 
described by Goodwin and 0sman.‘5 Rhodoquinone was isolated from the cells in essentially 
the same manner as for E. grncilis and was used for comparisons throughout the investigations 
on the Euglena rhodoquinone. 

21 J. F. PENNOCK, F. W. HEMMING and J. D. KERR, Biochenr. Biophys. RCJ. Co~tmrrn. 17, 542 (1964). 
22 Analytwzal Methods Committee, .4zzu&~ 84,356 (1959). 
23 C. BUCKE, Ph.D. Thesis, Unrverstty of Liverpool (1965). 
24 R. A. MORTON and A. L. STURHS, Atzafysf 71.348 (1965). 
25 T. W. CD~D~~IN and H. G. OSMAN, Biochem. .I. 53,541 (1953). 
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Cuhre of Anabaena variabilis 
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A. variubik was grown, in conjunction with Dr. N. G. Carr, on the autotrophic medium 
C described by Kratz and M~ers,2~ supplem~t~ with O-5 g NaHCO&, @004 g Fez(SO& . 
6H,O[l. and 1 ml AS micro-elements solution/l. The organism was cultured at 34” in peni- 
cillin pots, gassed with 5 % COTair with gentle shaking and illtination. The cells (O-49 g 
dry wt.) were harvested after 9-10 days in the late log. phase. The lipid was analysed in 
essentially the same way as was that from Eugkm. Phylloquinone was present mainly in the 
1% E-P fraction. It was separated from the other components by preparative thin-layer 
chro~to~aphy (silica gel G with 3 % E-P as solvent). The U.V. absorption spectrum of tbe 
purified sample showed peaks in the same position as authentic phylloquinone and the two 
preparations had identical R/s (0.57) on parafhn-impregnated paper using dimethylformamide 
as solvent. 

Ammonolysis of Ubiquhne-9 and Ubiquinont+lO 

Moore and Folkem report (wi~out details) the ~onol~s of ubiq~on~l0 to 
rhodoquinone10. The present authors treated, at room temperature, solutions of ubi- 
quinone-9 and ubiq~one-10 in e~~~~ol(l: 1 v/v) either by stirring with 0.890 ammonia 
or by bubbling gaseous ammonia. Time intervals of between 2 and 160 hr were employed 
but on each occasion the yield of rhodoquinone was less than 1 per cent. The rhodoquinone 
was accompanied by unchanged u~q~none and by a number of other reaction products 
some of which were also red. The synthetic rhodoquinones were separated from these by 
preparative thin-layer chromatography, using natural rhodoquinones as markers. 

Spectrophotometry 

Ultraviolet spectra were recorded with a U&am SP-800 recording spectrophotometer. 
Extinction values at 520 mn involved in the q~ti~tive E~~~Engel es~tions were 
observed using a U&am SP-600 spectrophotometer. Infrared absorption spectra were 
recorded with a Perkin--Ehner Infracord model 237. 

Ackmwk?&emnt authm am grateful to Dr. R. 3. Abrabam and Miss R. Adkd of tbe DepaHmmt 
of Organic Chemistry, The University of Liverpool, who obtained the NMR spectrum at 60 MC/S using a 
Varian A60 spectrometer. The mass spectnm was obtained through the ldndness of Drs. W. Vetter and 
P. Meyer of the Physicochemical I&oratories of F. Hoffmann-La Rocbc and Co. Ltd., Basel. An MS9 
instrument (A.E.I., Manchwstm) was used at 280” witb an ionizing voltage of 70 V. 

26 W. A. &tATZ and 1. Myms, Am. J. Botmy 42,282 (1955). 


