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ABSTRACT ' < . -

L

, This thesis is divided into three distinct ggts-
: :

PART I. P ® i '

& - <

Phxsarum flavxcomum, Eolxceghalun\ and Badhanua utrlculan.s
has been' exammed, the 1ast only cursor:.ly..
oz % The. sterols of the f:.rst two crgamsms have been
separated by thin layet “and’ gas 11qu1d chromatography and have
been identified by their gas liquid chromatographu: retention
times, mass spectra, »meltlnq points and optical propertles. n

both ‘organisms the stex;ols‘ constztute d typical plant stezo]:

-mgxture ‘of the less common 2 e«alkylated eplmerlc type. -

N, R Though the trlterpenmds of P, flavicomum and P.

Eolxceghalum are ptesent in ouly small amounts, 1anoaterol
has been tentatl\)ely‘)identlfled in both spec;.es and 24- .
dihydrolanosterol :Ln P. flavicomum. . ¢

Prellmlnary experxments have been made to elucidate

the biosynthetlc mechanism “of Cc24 alkylation of ‘the sterols by '

xncorporatlnq (Me— H ] methionine into the dlat 'I‘he rdsults
are ‘complicated by a rather .low :mcorporatlon of tha label;,
resulting in a mugture Df la"belled and \Jnlabelled sterols,
hoygver a possible scheme for C24y alky,latxon and for the
biosynthesis of the ster;als fxo@ ianosterol_, based’”orlx thils and

pre ious work, is presented . . -

Using cultures of B Eolzceghalum with synchronously
divldlng nuclel, an. attempt has been made, using mass

_ The sterol and tl‘lterpenolﬂ content of the Myxomycetes
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: Myxomycete

spectrometry, 'to observe any‘ch‘ange in’ the* concenttation of

sterols or. other cel). components‘durlng the mitotic cycle:
Isame preliminary results are’'reporfed. 7 ol
PART II ], T

The propezties of one - b

he yellou pxgments from the
The electronic*

-

utr:x.cularis have been’ investiqated.

botuhydride of the pigment have be ccmpared with similaz

pzoper‘t.les of some rodel pol.yene Sc}uff bases. |
_As the pigment behaves quite diffe_r.antly. £rom the

model* ds, it is sugg . that ither ‘the pignent is
not a Schiff base or that” 1f 1; is.its behavi%ur is modified

by electron.u: or- stenc effects possibly related to those

-affecting the prope_rt;es of the visual pigment rhodopsln and

shown to be the cso carotenmd decaprenoxanthm.
f Two minor pigm nts have been lden:iﬂed as mono- and

d;esters of decaprenoxanthm and this ig appax‘ently the first
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e 2 -, > 'l'he. DNA_guanine -plus cytosine c_enteng of the
" " bacterium has been shoun to be 4ss in
3 § to. other bacterial of ¢50 ids where the

guanine plus cytosine content of the DNA is much higher..
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of - Myxomycete cultures and authenta.c samples‘of chenucal
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S INTRODUCTION = i -

General v L 5
" The name "slime mnulds" has Been applied to” the
unrelated Myxomycetés or" acellulaz‘ slime moulds, the
Acras;ales or cellular slime moulds, the Plasmodwphorales or
endoplasmic slime mcu].ds and the Labyr:.nthulales or net slm\e
moulds. The work reported in th1s theg).s is tuta].ly concerned.
 with the chemical and blochemlcal aspects of three species of .
My_xomycetas, Phxsarum Eolxceghanm. P flaviéomum ;nd ‘Badhamia
utricularis. The life cycle of the Myxomycetes can be divided
into two separate phases, the ‘vegetative and the propagative.
* The vegetative form is a free-living multinucleate, acellular,
mobxle mass of pretoplasm, the plasmodium, which ‘has 51:5/
appearance of a large multinucleate single-cell. In the?®
propagative phase; spores are formed in a membraneous, non-
cellularaespore csse within which there.is often a system of *
free or netted threads forming a €ap1111:mm

& Myxomycetes are wu‘lely distributed, ami can be fcund
almost anywhere\ where there is déad or decaymg vegetable
matter and are t_h!i\s patt’iéulaxly abundant in fng‘ested areas,

the coloured plasmodia of dhe order Physarales being commonly '

“found. . §
E The Myxomycetes cannot readily be classified as

,.plints‘ or-animals and though this name, first used by Link.in



| 1833, places emphasis on the fungal and _hence ‘plant-like = -
characteristics of ,the class; the alternative name of Mycetozoa
(fungous-animals) proposed by Anton de: Bary “in 1858 suggests a
closer relatmnshlp to’ the animal kxngdcm. Al;:hough both
‘names are still in usey Myxomycetes appeafs to be more generally
accepted but this is pcsslbly due to the fact that most of; the
work dcne on the urganlsms has been by mycologxsts rather than
to any established closer relatlcnshlp to the fungi than to

amoebmd-lxke animals.

A chemical taxonomic method is potential‘ly‘ of use in

defining this relationship more clbsel}}, but insufficient Work

" has been done on the chemical composition ‘of. these orga?}\sms to

utilise this rocedure: Korn et al. (1) have reported that the

unsaturated zetty acids of the Myxomycete PHysarum Eolxceghalum
follow the same pattern as those in the soiI amoeba

A

(Acanthamoeba sp~) .

4 ‘Untii‘ fairly recent\ly‘ it proved impossible to
cultivate species of the Myxomycetes in axenic culture, but
several specles (2,3) can now be kept 1ndef1nitely in pure “
culture on a deflned or partlally-deﬁned medium,

It has also heen ‘shown to be possible to 1nduce the
nuclex of the wholé plasmodium of P. pelycephalum to divide
synchronously (4).. The Myxomycetes thus prov;.de very ulseful
matgiial for the study of .impogtan‘t biological §ro¢esses such

‘as nuclear .division and. DNA synthesis, for'the chemical

.composition of the plasmodium at any point in the mitotic cycle. .

. % @ * i
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-can be examined. Potentially suc_ﬁ a’ system’ which can yield

detailed informatipn of changes during normal ‘processes of

growth and nuclear division can be invaluable in the study of

abnormal cell function as for instance in cancerous tissues. -

Sterols in the Myxomycetes
¢ L 15 1958 Emanuel (5) isolated what he believed to be

a'novel sterol from ths plasmodium’ of the Myxojycete PhySarun

Eolxceghalum. ‘I‘ﬁe analysis of the sterol, mp 137- 138°, closely

30%5273°
gave a rap1d reaction in the Liebermann-Burchard test (6) »

fm:eci the formula C, H.,0,. .The iterol formed a digitonide,

and decolourised a bromine solution. Emanuel faxled to ot

acetylate the sterol with acetic anhydride .and pyridine and

A z
. thus inferred that any hydroxyl groups present were at?

tertiary positions e " d - *

The formula would allow for five units of unsatura-

tion, four of these being accounted for by the ABCD rings, of -

‘the sterol nucleus and the other by a double bond as indicated

by the reaction with bro‘mihe. .
" 1n 1963 Brewer ™ 1501ated a sterol from the same

organism, which also reacted rapxdly in the Lxebe:mann—Burchard

fest .and had 4 melting point of 144.5-146.5°.  The mfza:_é‘a

spectrum was identical to that of cholesterol except for an
y .

-additional ab'sogption band at,935 cm . Brewer-‘ccnéluded that

this was not the same sterol as had been isoldted by Emanuel,

but 71:1 not attempt to iqentijy it further. ' _ o

i




While the vork reporited in this thesls wan i progress,
" Lenfant et ‘al. (8) reported thé isolation of a sterol component
"a}so from P. Eolxceghalum. Using {qas liguid chrcmatpqraphy

(glc) and mass spectrometry, it was shown that the stedol
comprlsgd of at least seven components, five with molecular
welghts of 400 <402, 412, 414, ‘416, and two which were detected

by glc, only. Together with thlS information and the glc )

re‘;e{mn times, it was claimed that in addition to very
small amounts of {:holg’sterol (ITa), and brassicasterol (IIIb),
theré was also present a mixture of five sterols characteristically -

‘found in higher plants and algae, a"'phytostergl' mixture. This

* mixture usually contains campestanol (Ib), campesterol (IIb),
suqmastanol (1a), stxgmasterol (IIIa),.and s-sltosterol (IIc),';
or else the‘C24 epimers of these compounds¥* . . .
o ;
To determine the stereochemistry at C24, Lenfant x k'
treated the sterol mixture-with ozone,jand worked up the
products oxidatively to isolate Z—eth)fl;B—methylbutanoic acid
generated from the side chain ©of ‘the diunsaturated sterol
(;tiqm;séerol or poriferasterol). ‘The citt‘:ular dichroism
curve of this optically active acid was compared with that of

a similar’product isolated from the ozonolysis of stigmasterol

and the two curvésiwere found to have a similar shape. Thus,

@ it
as the 'diunsaturated: sterol had the o-configuration at'C24, it

'Throuéhout this thesis the trivial names for the sterols will:

be used in accordance with the list qiven in Table 1.




' choléstan-38-ol

Table 1.

to in the text

Systematic name

Systematic* and trivial names of the sterols referred

Trivial name

cholésty5-én-38-ol -
24a-methyl-5a-cholestan-38-ol
24p-methyl-5a-cholestan-38-ol
24a-methylcholest-5-en-3g-ol ,
zde-methylcholest 5-en- 3p-ol
246 ethyl=5a—-cholestan-38-ol

. 24p-ethyliSg-cholestan-38-ol

24

~ethylcholest-5-en-38-ol
24g-ethylcholest-5-en-38-ol

24g-methylcholesta—-5,22-dien~
: 3g-01

w

24a-ethylcholesta-5;22-dien-
y 38-ol
24B-ethylcholesta-5, 22-dien-
3g-ol
ze\-methylcholesta~5 17,22,
trien-3g-ol

13
cholestanol (Ia)
cholesterol (IIa)
campestanol (Ib)
ergostanol - (1d)

campesterol (IIb)

. A5—erg"astenol (114)

stigmastanol’ (Ic)
poriferastanol “(Ie)
g-sitosterol (IIc).

22-dihydroporiferasterol (ITe) -

brassicasterol (IIIb)

stigmasterol (IIIa)
5
. I
poriferagterol (IIIc)”

ergosterpl '(IV)S
i :

*The configuration at C24 is stated as « or 8, as the.r;\oxje-

acceptable R and S ferminology tends to be somewhat confusing

in the description of the dtereochemistry of the phytosterols.

Thus, B-sitosterol- is'(24R) -24-ethylcholest-5-en-3g-ol and

_stiqmasterol because of the 1ntroductxon of a C22,23, double

bund, is (24s)-24- ethylcholest—S-en-3B -0l eve;f uho\lqh the 24-

ethyl group is sterically identical . (a) Ln the tv_:o compounds.




Ia Ri=H
'=H R=H cholestanol

R=CH3 .campestanol
=CHg stigmastanol
Rf=CH3 ezéostanol

R‘=C2H5 _poriierastanol

(

R=H cholesterol
R=GH3 campesterol
R=Q4H, T¥B-sitosterol
275 g .
R'=CHy & -ergostenol
R'=C,Hg 32-dihydroporifer
sterol

AN -

R=C,Hg stiqmuste:o;\
R'=CHj brassicasterol
R'=C 2“5 poriferasterol

£

R'=CH3 ergosterol




was assumed that:the other components of the phytcsterol
_mixture had the same’configuration.

L: g, It should. be noted, however, that brassxcasterol,
which was xdent1f}ed only by its glc retention time, has the:
opp.osite configuration at C24 to stigmasterol. Lenfa'nt dida

" not comment on this. ° " ‘ .

On the bas:.s of mass spectral and chromatographic
“aata LeStourgeon (9)- has suggested that the sterol component
 of P. flavicomm is a mixture of several closely related
sterols, the principle one, which constitutes 70+80% of, the
total be1ng stigmasterol. However, as there was no attempt
t:o isolate the 1nd1v1dua1 sterols-nor to determine the stereo-

chemistry at 024 in any other way, the “identification of

stigmasterol can only be. considéred to be tentative.

. . Lenfant et al.’ (8) -also isolated the tetracyclic

- trxterpenox(d alcohol fraction of P . polycephalum and, though
pxesent xn only small amounts, Lhe presence of twcz 4, 4‘
\.-\_h-* dlmethyl ld-methyl stercls, lanostezol (V) and. Z4-methylene-
’ .dlhydrolanosterol (V1), and one 4-methyl sterol, tentatively
1dent1f1ed as 4u—methy1-zd-ethylchclestenol (VII), was: i .

1ndlcated. Lenfant remarked on the unigueness of glndlng c24- -

ethyl sterols together with 1 ol and ed that this

‘
might be a characteristic of tyxomyoetes, serving to d].stinqulsh
_them, from other classes of organisms» h
The occurtence of plant sterols in the Myxomycetes is

ontaxnlng ‘chitin

¥ . not necessar;ly une)gecl:ed for, though fungi 5

e i

w






- Hermitrichia serpula (11) a more recent investigation by

has obtained electron mxcrographs of t‘he

‘of cholesterol in an:unals ‘is, in all cases .studiedr\ the

usually contain ergusterol and closely related: compounds, fungi

whic{x have cellulose walls, such as.species &f the

" Saprolégniales' and Leptomitales, contain sterols which are

comonly found in red or 'brown algae and in plant pollens (10).

(Although chitin has bBeen reported in the capillitium

of the Myiomycetes_'.stemonitis fusca (see 'Ref. %12) and

Goodwin '(12) revealed no chitin in any.of the species of the .
= ¥ i ) &
Comatrichia genus which. casts doubt on, the earlier findings. .

Goodwin did, however, 1dent1fy cellulose in the stalk,

and Schuster (13),

cap1111t1um and spore cases in Comatrichi

pore walls of Didymium
nigripes and has shown that the inner o, thevtwo 1ayérs gives
T

-
a cellulose reactjon.  Dresden also—reports that the

' Myxomycetes, during the restlng stage, appear to have cellulose -

walls whxch are- later ‘absorbed into the growing plasmcdlum (14) .

‘s

Biosynthesis of stérols: \ ‘bricf survey . -

xf The initial cyclxsatmn product of squalene, normally

the i iate 2,3-epoxy squalene, in the biosynthesis '

s . %
trlterpenom lanosterol (15 16,17) . Subsequent conversion of*
this compcund into chOlesterol involves reductmn at c24,

demethylation at c4 and €14 and 1somerlsat10n frou_i&oa a5

bond; the order in which these steps is carried outvhas pot

R }:een»éon_\pletely détermined for any one organism. ‘Recent

reviews by Goad (18) and Mulheirn and Ramm (19) have summarised

3



: current knowledge, and emphas;se that, though the reactxon
scheme is generally fairl: jmilar in diﬁferent organisms, °
there is a wide yeriety og\mdividual differences. - gne-

'poss:Lble Scheme. of reactlons w}uch uili'ses knowledge of the
structure of compounds 1dent1fled sxngfy, or Jn combz;natxon,

o . v

in dlfferent ofganxsms 1s shown 1n Fig. I,

It mlght be expected ‘fhat lanosterol .wou'ld occupy a

i >
sim:.la: posxtion in the biosxnthetlc route to other, sterols,

but, t appears that lanpstero). is pot nurmally/found in ‘either~
(‘J‘. or, higher plant tlssues, bemq replaced by che :Lsomenc

cycloartenol (9,~ 19—cyclo—99—lanostA24—en-as-ol) (VIII) as the_‘

phytosterol precursor *(20). Lanostefol has, ‘only been foﬁné in’

a few species of Euphcrbiaceae and then, except méwc cases,

cycloartenol was also de\:ec%ed (21 22) S
Initially it was thought that the first product of

flxsatlan in plants mlght be. lanosterol w1th‘ :ubsequem: »

cycligation. Investi’gatlons have dlso shown tha€’ Qcmar enol

(i) can be isolated frcm, and 1dent%ied in, manY plant e
tlssues, (ii) Ls labelled from acetate and- mevalonate, (iii)
is converted by plants. 1nto phytosterols, (1v) is converteﬂ

“into 24—methﬂenecycloar:anol (Ix), a compgund often found in

) ‘plant tissues together with cycleartenol, “and this presant’&

quu:e a large hody of evulence favourinq its role as an inter-

rediate. The order of the enzymic steps bétween cycloarteno’ll




and. the phytosterols hds Aot begn deternu.ned for any- ene

otganlsm, though the basi’b scheme appsars to be fairly generalr "

and 1nv01ves, in addltloﬁ .to the steps in the synthesls of o]

)

cholesterol, opem.nq of the 93, 19-cyclopropane ring,

5 alkylatlon at c24 and, in -some(cases, 1ntroductlon of a Az‘?
~ bond,. One poss1h1e reactmn scheme is given in Fig. 2.
Though cycloa\:tenol is the recognlsed precursar of
. Tyithe phyto\ﬁsls, it _has been.shown that added lanosterol' can
- be metabo d to -the same [;)V.;‘oducts. in Ochromonas malhamensis
(25) Nicotiana tabacum (267", -and Buphorbig peplus (27). This,
2 \: sult has been :mcfrprgted as showxng ,a Jlack of specificity .

° ‘ ‘of the C24 alkylat ng, and the c4 and C14 demethylase enzymes;

2 _’ possibly due, ﬁo‘the rémotgness of the site of £he enzyme
action from the site of d1ssxmllar1ty of the two cmqpounds I,

(lanosterol and cycloart:eno,l) R B 8 . -
The origin of lanostergl‘in some s[::ecies'o'f

-Euphor,biacaae and its role, -if any, is’not known. théinet

iy and Ounsscn (28) have shown that the latex of E. helloscog:.a

st wi;l tncorporate [1—c1§1 acutate; into both éycloartenol and . ' £

la,nosterol but it is not known whether the 1anosl:erol ist

e formed dlrectly or by opening -of the_ cyclopropane, ring of

cycloartenol. Certainly the’same authors have shown that E.
i N

o . lathyris can metabolise’ (25514

] ‘eyéloartenol into lanosterol;
_-thus indicating that in #his plant there is an enzyme capable -

"~ of apening the 98, 19—-cyclopropane ring (29)%

The relatwnshlp ‘of this enzyme to ther normal bio-

G ¥ synthesis of stercls is not-clear. It is possible that the 5
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enzyme .may he rather unspecific and may normally opérate at a
T 1ater stage as suqqested in Fiq. 2. In that scheme the

b / cyclopropane ring of cycloeucalenol (X) is opened to form e .

. obtusmfolml (XI) as the initial ring opened product.

In fungi it appears that the Gommonly found C24 .
methylated s:em’l ergosterol. (IV) is formed by way of a- .
lanostezol zntermedlate and not from cycloartenol ;rhus

i ‘lanosterol has been detected in several fungi, mcludmg yeast

(30), AsEergxllus fumigatus (31) -and Saccharomxces cerevis

gy (32) , where there was no’evidence of cycloartenol N =
g\ . It has ,-been guggested (18) that thé c24' alkylation
E of lanosterol is possibly the first step in ergosterol
LY " Lt
3 . sy is in'the Phycomy and the' Basidiomycetes, thgugh

in yeasts' alkylation appears to be limited to the later stéges
and thus, -as often seems to. be ‘the case, the same sterol 1%

synthes1sed hy scmewhat different routes in different orgaxusms.

Alkylation at C24 B

A prtzﬁlem encauntered in the biosynthesis of the .
- ¢ 'phytosr:erols and of ergosterol 1s the source of the additional 2
cark;on atoms at C24 and the mechanlsm hy “which this alkylation

is effected: in all.cases studied the donor of the addition.}; .
: S Ty Z

carbon atoms is methionine.

An insight intg the biosynthetic route ing in,

any particular species can be obtained if methionine, deuterium
4 .laballed at the ‘S-methyl group, can be, at‘least partially,

. substituted for unlabelled methionine in the diet. Thus the




24-methyl ‘group of A —erqostennl (I14) produced by Chlorella
ellipsoidea rtains thdbe deuterium atoms from the labelled .
methionine (33) whereas the 24—methy1 gtoup of ergosterol in
Neurospora crassa retains' only two (34). Poriferasterol i
syr:thesized by C. e1ligsoidea is lal?elled by five deuteriun;
'atoqf in the 24-ethyl group (33)‘ whereas the phytoflagellate
Ochromonas m’alha;l\.ensls incorporated only four “deuterium atoms
into po:iferastex:ol (35). 3 3 X
It had .been suggested (36) thnt the xntact methyl

group is transferred from methionine toa carbon at:om only when
an adjacent double bond is aqt\#ed oward electzovhxllc attack
for example in the formation of mycophenolic acul (xn) o In
‘cases when the carbon is not so _actxvated, such as in the
formation of the 24-|3ethy1 gro\’xp of ergosterol, it was suggested
that a different mechanis}nie‘sulted in the formation of a 24- ‘
methylene intermediate which was then teduced. It is now clear,
however, that in ce:taux orgam.sms an intact methyl group can

- be transferred to a non-activated double bond (with the

" retention of three deuterxm‘ll atoms from labelléd methiunine)

-and thus at ieast two' distinct enzyme systems afe available for

c24—methy1aemn. Reny B oy 5 L.
i The additional, msthylation step required to form the

24- athyl derivative also takes place by different mec)‘.anisms
“ang it has been auggested that the route is thtough an

athylidene intermediate when only .four deuterium atoms are

incorporated intor the 24-gthyl group (35) but that-an intact
’ - i \
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methyl group is transferred where five deute}imp atoms are
retaindd (33). ) o
= ’ A summary of the possible rnuf:els le;ding to the 24-
alkylated sterols has been given (37) ('f}g. 3). Using thds
grid’ the sterols mentioned above might be syntheSLSed through

the xo\ltes indicated in Table 2..

Table-2. Possible routes to sterols in different organisms .

- . based on the incorporation of deuterium from

(Me-2H,] methionine’ '

B kil
, Tig - * Possible
0 s - Sterol Number of D atoms. sequence
jOrganisn synthesised incorporated of reactions
N. crassa ergosterol 2 1,2,3a
. ellipsoidea | A°-ergosterol 3 1,22
0. malhamensis |-poriferasterol 4 1.2.3.‘.5
C. ellipsoidea | poriferasterol s 1,2,3,4a
5 From the rather limited data available there is’

clearly no.relationship between (a) the triterpenoid preciirsor’
(lanosterol.or cycloartenol) and the number of deuterium-‘“ atoms

‘ingorporated from [Me-’Hy] methionine, (b) the triterpefioid

: and the 1 istry at; c24 of the alkylated sf.erol
or (c) the number of deuterium atoms incozporated and the
'sterecchemstry. As this data can only be collected vfm"‘_ nther
random investigations ‘of a variety of organisms,‘ it is ﬁnsslbl’e(
that such regularities might be observed it closely relai?ed

,fa;uhes or genera are exanuned.
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Fig. 3. Possible routes for C24 dlkylation in fungal and
ey N plant sterols (37)
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The' Sterols of Physarum flavidomum

The “tocal _sterol fraction

Sow Column chromatography of the ether soluble campcment .

= of P..flavicomum gave a vhite crystalline stercl compcment &

whlch, in the Liebermann-Burchard' test (6), gave a green-blue °

colourEtinevelopxng to its maximum caloub intensity over a

5

pez#gd of 0.5 hour\(a\characteristic of A~ sterols).

! °'% The sterol decolourlsed\a bromine solution -in carbon

tetrac lon.de and the xnfra.red " spectkum showed bands at 1665,

Lo -1

1660 (c=¢), and 973 cm (Azz-crans substituted bond in sterol

-1

side chal.n) . as well as absorptlon at 3580 om "." There was no
7 . ultraviclet absorption in cyclohexane solution above_ zoo nm
o 1nd1cating the 1ack of con]uganon such as is seen in the common
fur‘xgal sterol, exjgosterol (IV). . ) ! ¥ g

»E‘lemental analysis of the sterol (Bernhatdt‘) gave

.C 83.66%, H 11.51%, O 4.77% (38) which d:.d not agree well with =~
s that expected for any. pure sterol, and.is far ‘lower in oxygen

content than the sterol isolated from P. ,Eolzceghalum by o

o Emanuel (5)# -
- ‘ Mass spectrometry of the sterol showed five molecular

ions at m/e 400, 402, 412, 414, and 416, whilst after catalytic -

*: hydxoqenation molecular ions wete observed only at m/e 402 and

_515 Following acetylatioéw;.th acetic anhydr:.de and pyrldlne,

molecular ions were only giverr at m/e 444 and- 458, however the




hs’tanol, or its a

94, and 396

strongest peaks in ‘the spectrum were ;t m/e 382,
corresponding to the loss of 60 mass units (acefic acid) from »
the expected mpleéular ions at m/e 442, 454, and 456. The lack 5
of a molecular ion has beg_n observed in the spectra of 38-

\ . 3
acetoxy-A"’-sterols and partially serves to differentiate them _

_from the corresponding 3\@-acetoxy-A7-stetols which give

. 7. . ) .
relatively strong' moleghlar ioms (39). Thé acetylated mixture
whs readily hydrogenated “to give‘a product showing molecular i g
ions at m/e 444 and 458 only. o
— i - LT
Gas~liquid chromatdgtaphy (glc) .on several columns (foug). '
showed the preBence of only three components in the mixture of
the sterols and also in the mixturé of ‘thei} acetates, whilst

only two compcnents,were' detected Tn the reduced sterol mixture

and in the reduced acjtate mixture. ' It is known, however, that

_ghe silicone stationary\ phases used will not effectively separa't-e

a 3B—A5 unsaturated sterol or its acetate from the corresponding

atg— (40) . .The evidence pre}sentedrsqu'és'ted N
that the mixture contained two saturated stanols (1 = 402 and 416), -
two monounsaturated sterols (M = 40Q and 414) and one di-
insatdfated derivative (M = 412) andl thus appéared to be of ‘the
'phytosterol’ type.and similar’to that isolated by,Lenfan}: £from
P, Eolxceghalum.‘ L

’ Though the mixture might* be tent'at‘i.vely characterised
on this evidéncer, in order to define the stereochemistry at c-24,
i;olation bof pure components Or an ozonolysis method similar to

that ‘used by Lenfant (8) is required. It was iniﬂtian‘y‘decided
~ o oy | ) #o
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, .to try to isolate pure samples of ‘the major. components for this

- claracterisatioh.
B 5 r s b

Separation of the phi tosterol mixture Y

Separatlcﬁ'(of such a.mixture 1nto pure. r:omponents tends
to be dious due to the close structural similarity of the
compounds and in many cases may not be worthwhiie. However, it‘
wds felt that in this case, bgcause of the interest in_ these, /

. organisms and the mnovel results of Lenfant,'that charactensa-
tm;é of the 'sterols should be made as definité as. posslble. a1

' Separation of a phytosterol mixture is generally
effected in two stages. First, the saturated stanols Va_re N
separated from the''sterols by thin layér chrcmatc;graphy (tlc)"
~—on slllca gel layers impregnated w1th silver nitrace. In (:h1s o
system Ij:he unsaturated sterols form a w—complex with the silvex
ion anﬂ thus have a 1nwer Rf than the stahols. Follow1ng this
initial sepai‘at].on, ‘the unsaturated. sterol and stanol fractxons
can be(;ndependently separated by glc on one of several possible

/p}:ases. 4 _: e . . T, ’
- In this work_t}his"p_rocedure was_followed and small
amounts of pure sterols ‘were\ obtained from prepa;:ative gle

- columns. Late: work, however, indicated that the lir’xi(:ial tlTﬁ
separat;.on could be utilised to Wftter efficiency and; in~
addit:.on to the seyazat:.én of the sterols_ and stanjls, the

syscem was used to separate the d;unsaturat;ed sterol (M = 412)

fxom the monounsaturated sterols (M '400 and 414) by ]ud1c10us )

splitting of the rather w7ie sterol ‘band. i Y
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Identification of staiol components e

The mass spectrum of tfie'mixtire of stanols shoved. ;
" ;
only two-molecular ions at m/e 402 and 416, with.molecular ions

at ln/e- 441 and 458 in the acetylated mixturer,. The fragmentaticn

pattern of the mixture was in with that p ed ‘for
a ‘mixture of the C28 and_CﬂZ}"stanols, campestadbl and )
stignastanol. .
Glc analysxs revealed the presence of two components
. which had retentxon times identical with campestanol (stanol 1)
and stigmastanol (stamol 2J. - Coinjection with authentic samplé;‘ -

of these stanols J.ncreased with peak hexghts and no separatlon

was detected. - C . :
£ I ) - <
From these 1ts it was concluded that stanols 1 and

. 2 were 24‘methyl and 24-ethyl derivatives of cholestanol (Ia),

that is either campestanol (Ib) and stxqmastanol (Ic) or the

C24 epimers, ergostanol (x4d) and pcrlferastanol (Ie).

- Unsatutated sterol gomy onents v i #

The mfrared spectrum of the mmtu:e showed the. presence

of some unsaturatxcn and sugqested,,the presence of ‘a trans- A22

bond. Glc separated‘thzeeﬂcomponents and mass spectromet_:ry

' detected ﬁolecular ions at m/e 400, 412 and 414, with a.

fragmentation pattern similar to that expected for a mlxtu:e of

‘ campesterol (IIb), stigmasterol (IIIa) and B-sitosterol (II:).
The mixtuze was readxly acetylated and the acetate

mixture‘ also showed three components on glc. The mass spectrum

, of this acetylated mixture gave no peaks corresponding to the
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expec‘ted ‘molecular ions but instead very. abundant ‘i8na wera

eb;ewed Vat m/e 382, 394, and 396, cérresponding to 1;he loss
of acetic acid from each o‘f the three.expected molemilar ions,
agaln imhcative of Jha-acetoxy o'} -sterols (39) .

* The nixture 6f sterols, after catalytic hydx:ogenatmn,
gave the corresponding mixture of stanols which on a glc .
annlytlcal column, separated into two cvmponents apparently

identical with P! 1 and sti

1, and ‘gave moleculnr
ions at:m/e 402 dnd 416. The mixture of acetates after
reduction had molecular ions at m/e 444 and 458, and glc .

‘analysis showed only two components. '

_Efficiency of different phases for re) rative 1c

As pteliminax‘y work to the separatinn of t_he mixture
of the unsaturated sterols into its components by glc, several
phases,‘each stable at relatively high temperature (350°), were

investigated in order.to test their efficiency in the separation

of ah hentic mixture of , Bti rol and 8- 2
\ § - =
sitosterol and of their acetafes. The results indicated that

the best se- for the separation of the free’ stemls' was’,

DVlDl. and for the acatates SE30 w).th Ovlol‘rc].nse seccnd.,

the s paration ‘of the sterols by 0V101 was as eff.uuem: as the
sepnraticn of the acetates. . @ § TR - '
N ~ 'Though -hoth acecate‘s and tximethﬁéuyl ether | -
'aeziv'atives have been used by variots authogs (39,°41) to '
achieve bette: separatxon than could be obtained wif.h the free

.‘alcohols, the zesults on 0V101 at least partially r:onfu-m .

. T o .

o
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those of Grunwald (42) and, in view of the logses of material
experienced. in forming a derivative and then régene‘rating the
free sterol after chrumatoqraphy, it seemed preferable to use
the sterol m1xture without further treatment for the glc
separatwn. o ¥ ; 4 g s

. iy r_WE:ven using the most efflcleﬂt phase and.varying.the
operating’ e_ont_htlons, including temperature programming, it
was not found possible to separate the three known sterols -
completely by glc, 'campesterol and stJ.qmastetol in partlcular
f:endxng to overlﬁp. Sun:.larly, the mixture extracted from

P. flavicomum was not completely separated, and a typical gl
e

though varying somewhat' from batch to batch, is shown

in Fig. 4. .(For the puxrpuse of future -identification the

sterols are 1abelled 1-3 in order o?‘ the eluuon from the

column ) ® 4 L S . =
e v ® g -
! G, ® . [
¥ s sy o b N8
‘Fig. 4. Part.of g}c profile of th_e. §
., mixture of sterols from P. 8
- [
.+ flavicomum on OV 101 et
‘o
= | 15 30 25 30
. R i . retention tirne" (min)’

As cay} e seen from the glc profl.le the collect:.on

of .pure stercl 3 ) relauvely easy hut aomyonents 1 and 2

. could only be ubta1ned by ]ud1c10us fraction cutting and pure’ ’

sterol’ 1 vas obtained i~h only small amounts’, thereby'limiting
study of this ster‘él to its mass spectral fragmeni:atioh pattern. +’

and glc retention time. ' = ’ ¢

Pl
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'was decxded to mvestlgate the possxbxlity of usx&\tlc 3

- 22 - .
‘ 7 R

-An aE‘{:empt to separate the mlxture of sterols bx sublx.matmn
>

An attempt to separate the three sterols by subhma—'

tion in’a graﬂlent,keated ‘tube failed. Though th‘ree ‘distinct
bands of crystals were formed, each, ‘when analysed by glc, was

seen tp contain eac;x of the:three sterols in approximately the

same relative propoftions as the original gixture.

Purification of sterol 2 by tlc - e

f‘m‘strumentatwn problems, including the unavallablllty

of a chromatograph taking a large ennugh preparatxve column and

¢ relatxvely large losses of.sterols on the columns '(43), made

collection of re‘asonahle«amounts of samples Very tedious:afd it

more efflmently. % . N

As the unsaturatéd sterols have a ‘lower Rf t

s\:anols due to ‘the complexing with the sllver ion, it miqht ‘be

p that diupsa sterols would ‘have a lower, RE than

the monounsaturated compounds. n fact, in the thip iayer -~

system used throughout thlS\WOl’.‘k, stxgmasterol did have a

slightly low

y < . " ' .
and- simifarly stigmasteryl ‘acetate had a slightly lower REf ., .

(0.920) than B-sitosteryl acetate (0.928). This ‘difference in
Rf was insufficient to’ separate either of "the two paizs of
compounds into two dl§t1nct bands., thouqh it did expla:m why
the band: ‘due to the‘ mixture t_:f unsaturated sterol v(as broader

than might have been otherwise expected.

]

Rf -than g-sitosterol (0.29] as opposed to O.?QB)‘




It was found - that if the rea: third of the sterol
band was separuted and eluted with ether. “the percentage of
sterol 2 (as™ xnﬂ'lcated by .q.lc analysis) wai gzeat]:y_ increased
(fof example from §0% of total sterol to 803). By repeating
this proceduze cuce-mre the purity could be 1ncreased to :

.~ above 95%, and two or three crystallisations from ether-ethanol

é ‘gave a praduct that }}/rwﬁe of the uther stercls present

.“" (shown by ."d mass speet:ometry). . . Al " .

“ . This method of purification ts xather poor as at each

' :epetxtxon of the thin»layer technique a great deal of the .“‘. %
sterol materiﬁ. is rejected (though 1(: can be used in fur{:het ) .
separat:.ons), and thus the act\‘x'al a.mount ofipl;x;eisterol 2 i

B xsolated was relat;vely smll belnq in the order of 2-3 mg
irmn 100 mg of the staxt).nq mixture of sterols.

3 Although it va not attempted,\ it should also be
possxble to.work up the leading edge of the sterol band in
exuctly the same \unnez thereby obta:.ninq a sanple contaim.ng
the two monouﬁsaturated sterols (sterol! 1 and 3) which could
then readily-be seg:arated by p:epa;utivg glc. o

¢ . .
Identification of unsaturated sterols
x 7 .
Steérol 1. 5T, 5
. As the separation from sterol 2 was unsatzsfactory, ¥

.. the sterol was never obtaiged in quam:i:ies suffimem—. for

&

: complete charactensation, and only mass spectxal and glc data —

* were dbtained. S 8 . s . Y




confzqu:atwn (i.e. it is As-exgostenol) .

» 5 . ,
On several: glc'columns sterol 1 had the same/x}bencion .

time as campesterol and, in addition, the peak height was

ingreased by coinjection with authentxc cam}%)esterol on each of

these columns.

he
The mass specttum showed a Single molecular ion at

m/e 400 and f: tion ions onding to those expected -

for a”24-methylcholest-5-en-38-0l; thus ian’é at m/e 273 fomed
By the loss of ‘the sterol s:Lde chain and at 255 by the loss of
the slde chain plus water confirmed the presence of a saturated
nine carbc‘n Elde chain (39) Relatively abundant ions at m/e
#'315. (M-m,0-CgH,) and 289 (8-H0-C1Hg) were chazac:eristi}: of a,
~sterol and’ ’a’i"e*not ‘found in the m: mass spectra of the isomeric
a7 sterol (39) : .

<, Altho\;qh these results shoved: the expected 51mxlar1ty
between sterol 'l and campesterol they do not necessarlly prove
that the two compounds are 1dem:15:al, as nelther'glc nor mass

spectrometry has been shown.to'differentiate between the tio

c24 ep1mex?s . T
\~, . Followxng dlscusslon of the structure of sterols 2

and 3- :Lt will be shown that sterol 1 probably has the 249

Sterol 2 « . ' X
Sterol 2-was shown to have retention times identical

Do e o
with those of stigmasterol on several glc columns and

coinjécticn of the two gave no s’eparat{ion. Similar results

Were obtained for the ‘acetates of the'two sterols. - .
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o . !
. The mass spectrum of the sterol showed a molecular,
ion* h-t m/e 412, with ions at 273 (M-side chain) and at 255

TH-side chain-H,0), confirming the presence of a CyH, side
chain, which thus contained one unit of unsaturation (39).

22

An abundant ion” at m/e 300 is characteristic of 4" sterols

5 (35)' .

}?he acetate of sterol 2 had a Spectxum virtyally &

identical with that recorded for stigmasteryl acetate, and

wus cha:actezised by the 1ack of a molscula: ion and the

of a very' ion at n/e 394 (M-CH;COOR) . S E

‘he ir spectra of sterol 2 and of its _acetate wer:e\

virtually ddentical with those of stigmasterol and its‘acetate.
' The results presented s¢ far indicate that sterol 2,
is a 24-ethylicholesta-5,22-dien-38-0l. In order to dlstinguxsh

‘between the two C24 epimers the melting points of the stetol,

its and its tetrahy: te were with the
values Féported for’ stigmasterol, puriierusteroi and their

‘derivatives, the results’ show’fm; that sterol 2 is poriferasterol.

Sterol 3
Sterol 3 had glc retention times identical with g o
aitnsteral, and on four columns coinjection of the two sterols

gave a sxngle peak. Similar results were obtained for the

o N s

_ acetates. . ®

. The mass spectrum showed a molecular ion at m/e 414

and included daughter ions at m/e 329 (M-H,0-CgH) and 303/
J d /

(4-H,0-C,H,) , these two being characteristic of 4> sterols. "

- ' v,

o 4 P9
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reductlve workup . the 2, 4-d1n1tropheny1hydrazone of the 2-ethyl-

L 8 -
Ions at m/e 273 (M-sldgfhaln) and 255 (M-side chain-H. 0)

conflrmed the -of a C

10 side chain.

i The mass séectrum of the a:‘:etate ~showed only a very
small molecular ion at m/e w456, the base peak bexng at m/e 396
(M-acecxc ac:.d) . In both cases the spectra were extremely
similar to:the cotrespond%nq spectra recorded for<B-sitosterol
and its‘acetate}nd, in addition, the infrared speotx:\\zmA was
,virtuéily identical with th‘at recorded for S-sitostexcl’. .

R .In order ‘to distinguish between the C24 -epimers, the

_.melting point of ‘sterol 3 and of its. acetate was compared with

literature values for g-sitosterol, 22-dihydroporiferasterdl
an‘d their acetates, the results confirming that sterol '3 is . r

22-dihydroporiferasterol (IIe).’ ¢

Qptical measurements
As the results presented abcve 1nd1cate the presence ~
of 24 s isomers 1n P. flav:.comum, in contrast to prevu&us work

on P. Eolxceghalum (8) it was decided to attempt to obtain

confirmation using an optical method similar to that used by

Lenfant (8). % o« o %, W, &

The mlxture of sterols was ozonolysed and after gl £

—mechylbutanal prcduced ,from the side Chaln of sterol 2 was

‘prepared. " ) i ’
’ As this deri’vative has only one optmally accxve centre,
the rotatlan of the two enantiomers is equal and opposn‘.e
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and thus they can be-readily distinguished. 'me preparation
vof the 2,4~ dinitrophenylhydrazone was accomplished only with
low yields, however a dlrect comparlson with the product
_derived from stigmasterol indicated that the two were of’
opposite‘ configufation.' (Though. the rotations were opposite
they were hot quanmtatwely so, probably due to the small 4
amounts available for. the measurement (ca. 14 mg).) As th:l.s
résult confirms the diunsaturat‘ed ‘sterol as porif:erasterol,——-»f -
the assumption has héeﬁ made that all th‘e stanols and

unsatutated sterols have the same 24-8 confxguratbn (this has 5y

. already been shown to be true for the Czd-ethyl cholesterol) and
are- thus AS— rgastenol, ergostanol, pouferastercl, 22-
dihydroporiferasterol and poriferastanol. .

It is. clear: that the sterols exttacted from P.

flavicomm, although similar to those fxom P. polycephalum, apparently

differ iR the stere’oehemistry,ac c24.

* vTrxterEenoxd raction of P. fla‘ucomum 5 B
As Lenfam: had shown the presence of lanosterol (V)

in P. polycephalum, the tri id cont of P. flavicomum

wa‘s‘ examined. ’ ‘ .

The material eluted by benzene from an alumina .qolumn

[ was a yellow oil forming 4-6% of the total non-saponifiable = .
lipid. Gle of the fraction showed ityto be a rather complex

. “
mixeure:/and a preliminary separation was affected l?y tlc on a

-silver nitrate impregnated thin layer.
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oOnly a small amount of material was detected in the
4-methyl and l;l'-dmethyl ste;ol region, there being a vtairly
“large amount of material which moved with the solvemt front
(l":i(drocarb’ons) and also a sma]} quantity of sterols. .
_ The mass spectrum :f the combined 4-methy}-and 4,4'-
dimethyl sterols .showed relatively 'abuxE;;l} ions at m/e 426
and 428 together with a less abundant one at m/e, 440.

Fragmentation ions at ‘m/e 413, 411, 395, and 393 corresponded

. in relative intensity to those observm’i in the m;s“ spectrum
of a mixture of lanps;:erol (V). and 24—d1hydrolanosterol. ”
e Thg acetylated mixture showed" molecular ions at m/e %
5 .468 470, and 482 with daughter ions at m,{e 455, 453, -395, and
393, the latter ions being observed’ in the spectrum of an
acetylated mixt\;re of lanosterol and Zl-dihygitnlanostetfar?
In neither spectrum was thefe af obvious ion at m/e
286, an ion characteristic of cycloartenol and its acetate (44).
Glc analysis i‘,mi‘icated the pr‘a-sence of several

components with the two major ones having the same retention

_times as lanosterol and 24-dihydrolanosterol. A minor component'
had a retention time slightly greater than la_l:logterol and might i
-correspond to the malecular ion at m/e 440. ™ .
. : ‘ Glc of the ucetate mxxture showed: the two major ;
companants to have similar ret:em:ion times to the acetates of
lanosterol and dihydralancstetol. 7 2 i 3

" Though the presence of lanosterol and, its 24-dihydro
derivative were not confirmed through isolation and s -

e S
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€] ractsrlsatécn of ‘the purée compounds due.to the small

antities present, these results, which to an extent suppox(: -

ose . of Lenfant (8), -strongly suggest the presence of these

'two triterpenoids .'

Sterols and triterpenolds of 1’. polyceghal

In’'order to see’if the observed difference in sterol
content between these two closely- related Myxomycetes is 1
_consistent, a stram of ‘P.- Eolxceghalum was examined to
characterise xts sterol and txlterpenom content. g

. Much of  thé work already descr1bed for P. flavmomum -

was repeated though the ozonolysxs of the ste:ol mixture was
omtted and the nuclear magnetic respnance spectrum was used.
‘to confirm the st_ereochemistry of s(:etol 2 at 024. A brief

summary of ‘the resul:s is presented
Stanols

:‘ 'J:he‘ glc retention“;imes of ti;e ‘coniponents and tl:Ae .
mass spectr‘um of the mixture of the stanois, an}l of the ’
.acetylar.ed mixture, were qualitatively ic;enti;:al with similar
infozjmat:g‘.on already presented for th‘e stanols of P.. flavicomum,
though quani;i;;ativeuly the mixture showed re;latively more sl:an’ol 1.

Unsaturatbd sterols -

: Glc and mass spectral data for the mixture and the’
aceétylated product were again qualitatively’ idem:icalg with the
data reported for the same fraction from P. flavicomum. It was
noted, hopever, that, though the relative proportions of the
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steéo‘ls v;ried somewhat f,r\om S’a!;\ple tb sample, 'the relative
amount of sterol.2 was consistently lower in this species.
| ;s .
Stereochemistry at €24 = .
si:erol 2 was lisolated >and purified as previously
descrlbad. The melting poi’nts of the sterol, its acetate and
1ts tetrahydroa’etate were agaln extremely close to.the values

reported for poriferasterol anq its derivatives and a m]xed

melting point.with poriferasterol showed no deépression.

* Further evidence for the 24-§ configuration of
sterol 2 was obtained from the nuclear magnetic resonance -
spectrum. Thompson and Dutky (45) have shown recently that.

the 100 MHz spectra of the two members of four pairs of C24

epimeric sterols differ slightly in the methyl region; thus,
in the range between 81 and 84 Hz, the spectrum of stigmasterol

showed a partially resolved doublet, whereas the spectrum of

: pczifexasterol \showed only a slnglet in th).s regmn. gterol 2

gave a spectrum Vety unlxke that of stxgmastercl and extremely
sxmllar to that of poriferasterol in this re_qinn.

These results clearly show that sterol 2 in this

straix’\ of P. Eolzceghalum‘is poriferasterol émd again it is tﬁ =

be expected that the other sterols also have the 24-g

configuration at C24. . . ‘, Al

Triperpenoids .of P.”polycephalum - S

Molecular ions were cbserved 1n “the mass spectrum at

-m/e 426, 423, and 440, that at 426 being by far the most °
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intense. Each of the compounds was abetylated, the mass Ispectrum
of the product having molecular ions at m/e 468, 470, and 482.
In neither spectrum was there an obvious ion at m/e 286"

) Glc showed the presence of four componen!:s, lanosterol

- belng the major one. The other components were hot identified

but 24-dihydrolanosterol was not detected. It was not &lear.:'

what c'ompoun_d(s) contributed to the small ion peak at m/e 428.

In the absence of 24-dihyfirolanosterol it might be expected, '
- that the compound tentatively identified as 24-ethyl-da-
methylcholestenol by Lenfant would be, present, however late:

experiments involving the incorporation of [Me-2H3]-met.hionine

\ into the culture medium did not result in any’ labelling of 'this

§ compound as was reported by Lenfant and it appears rather

A unlikely that this compound is a 2d-ethyl triterpenoid. <

2.
,‘ . stercls of Badhamia utncularis

The sterols extracted from the plasmodium of .Badhamia

utricularis were also shown' to ‘constitute a phytosterol mixture,

molecularions being observed in the mass spectrum at m/e 400,
412, and 414. The ion peaks at-402 and 416 vere very small and
" l:he stanols, 1f present at all, can anly form a very small

~ percentage of the total stetols.

Gle analyszs again showed thx‘ee peaks wlth retention

times identical- w1th the three sterols obtained from the other

two Myxcmycete species: no Attempt was jnade to separate the \'

mixture further or to ine the | istry of the .

comg)onent sterols at C24. = e :
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Summary of implications of results
it is cle‘ar that each of these three closely related
species produces a typically plant mixtup€ of sterdls and in the.
_case of the (:w6 Physarum species the individual sterois have )
been identified as being the less common 24~ B epxmeny‘-.. »
This result co\trasts with that of Lenfant et al (8)

who claimed to have identified the 24a alkylated sterols 1n B.

: Eolxceghalum. It is quite clear that their sterochemlcal_

assignmerﬂ: is based on unsound data.

The stereochemistry of the sterols at C24 was supposedly
demonstrated by the identity of. the'circplar dichroism (cd) curve 3
of Z—etbﬁ—methylbutanon.c acid derived from the side chain of
the €29 nsaturated stero{ and that of the corresponding acid
obtained from stxgmasterol. N .

The expenmental work zeperted -in that paper can be

.criticised thwo important points. Firstly, the reported weight
z L 5

of the derived.,dcid (258 mg) from 328 mg of the sterol n-\i.xtnre is
far in excess of the maximum theoretical yield. sSecondly, the ' '
répozted cd curve, with a maximum at 288 fm, cannot be that of a
carboxylic acid for thdugh optical rotatory dispersien and

circular dichroism curves of asymmetr:.c aclds haveﬁen reporéed
(46, 47) ‘the Cotton effect observed is related tc.a weak n + 7%

transimon of the carboxyl group at apout 215 nm (48): ‘Lenfant'

work thus gives no 1nfcmatxon whatsoever about the stereo-»

-chemistry of the sterols at C24.-° ! U . ’
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The ‘triterpenoid fraction of bot‘:h Physarum species 2
“had lanosterol as a major.component though in P. flabicomtin
2q~dihydrol_anosterol formed épp;okimately 50% of this fraétion.
" A minor component in both species, molecular weight 440, might
be identical with a compound of- the same mole—cular we{ght,
reported b‘y_Lenfant and identified as Zd-mgthyleﬂedihydro-
lanosterol and a minor peak in the“ glc analysis.has approximately’

the same retention time as might be. for this 3,

though in the absence of an authentic sample there is no

concrete evidence for this. . : .

. . The accumulated data lends support to Lenfant's

suggestion that the Myxomycetes might be unique in utilising

- X ol'as the pr of the 24-ethyl sterols.

3 The data so far reported gives no xnfomatxcn on the
biosynthetic xé‘e to the phytosterols, except in suggestlng
that ;’agos:é:olwis “a key intermediate, .though it is clear th;g
detailed knowledge of this pathway, in what appears to be a .
novel system, might be of help in the study of the many.
:.ntricacies of sterdT )nosynthesls. o

- As a first step in the mvestxgatxon of the bio- *
. synthet:.c ‘route it was decided to 1nvestxgate the. route by
which c24’ alkylation is effected by attemptlng to J.nccvrporater

lpbelled methionine into the diet .of both P. flavicomum and .

P.. polycephalum, *
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c24 alkylation in P. polyceghalum and P. flavmomum

As both specxes grew nomaﬁy when addlt;onal

unlabelled methionine vas added to the nuirient médium a -

similar experiment ‘usi:ng [Me-2H3] methionine was attempted and ’

. again growth was normal, Mass spectrometry of ‘the mixture of
sterols shoved a complex mixture of molecular ions, the spectra
‘obtaxned from the two moulds being quahtatxvely similar.

’ ¥ As well as ions cortesponding to the usual sterol

molecular ions at n/e 400, 402, 412, 414, and’ 416 other ions’

indicated the uptake of up to f1ve deuterium atoms lnta the

24-ethyl sterols. Thus ions at 417, 419, and 421. may be

attributed, at least partially, to the addition of -five mass »
. units to the usual molecular iogs at m/e 412, 414, and 416.
’l‘he‘ region m/e 400 té 404 was rather complex dpe to
the contribution of ions formed by the. loss of CHj and 5120 from
the “various isctgpic forms of the 24-ethyl ste{ﬂls., and no
conclusion could be’ érawn as to whethef two or three deuterium
| atoms were incorporatedinto the 24-methyl compour‘xds‘from'this
;ata‘. The mass spectrum of the acetate, however, wmch showed *

molecular ions corrésponding to the stanol acetates only,, gave *

molecular ions at m/e 458- 463 correspondxng to ‘the uptake of up .

to-five deuterium atoms into poriferastanol and at 444-446
indiéatinq the uptake of tw&tx}gutgﬁum atoms - into ergos\tanol.
It is most probable then that bo(;.h ‘ez"gascanol and A?-ergostenolﬂ
‘are’ synthesxsed through @ 24-methylend intermediate. )

The location of the deuterium’ atoms is readxly shown

. to be in the side chain for, though there was a complex isotopic




ions at m/e 273 (M-side chain) s, 271 (M—side chain-ZH) ’

(Mrside chaln—HZO) » and 213 (M-side: chain-H 0-42), w!uch are

T characteristic of all the three sterols presg ent, were smpanied

by any abnormal igotope p_eaks. In addition, the characteristic

m/e 369 '(M—i'sop‘ropylg‘ ion of poriferasterol was accompanied by ', :

sevar'a sotope peaks, thereby conflrm.nq that the side cham
isopropyl methyl groups were not derxved from labelled meth10n1ne.
7 and suggesting that the label is in the 24-ethy1 ‘group.
‘ .’ A : Thaugh the spectta were :eadlly :Lnterpretad, the
patférn was rather complex because of a contnbut),on due to

< unlabelled and incompletely labelled sterols ahd’an attempt was

4 . made to increase the incorporation of 1abe11ed methionine,

. thereby reducxng the quam:ities of unlabelled sterols in.the
‘ extract. . % .
) Methionine-has-been identified as an essential amino
4cid for P. Eulx::eéhalum (49), and a mixture of amino acids, )
contaimng methionine, ,can be used to zeplace ‘the normal amino
. acia source of casein hydrolysate in the medium.
< g Both. organisms were therefore cultwated in a lz.q\ud
- medium with a defined amino.acid. ncntent, 1nc1ud;ng IME 2H 1
N methionine. The anculum of plasmodlum’was keptas small asq)
posslble in uxde: to minimise dxlutxon by the preformed,

i unlabelled sterols from that source. " S
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Growth of both ‘organisms was slow especxally for P.

_polycephalim which had tb be grown for two vieeks to obtain -

suffxcxent plasmodmm for sterol extracexon. ‘The ‘mass spectta

~ of the 1solated sterol mixtures we:e little betcer than those

alreaqy obtalned stxll showidng appreciable quantxties of

unlabelled'compounds in addition to the expected peaks .at m/e

417, 419, and 421, . 2 E me e )
v' . It appears thet, to obcaz_n extremely high 1ncorporation,
it would be necessary to sub-cull:m;e the pla§modia several ‘tin\es
"into this more closely defined medium, but 'as the growth rate Nk

was very unsatisfacto'ﬁy, this was not atteﬁpted.

v L E . N
ngbthetu:al route tc the Ehztosterols in the sz@n_\ycetes 15
. It seems probable that the initial cyclisatlan product

of 2,3~ epoxy squ'alene ox).de in these species of Myxdmycetes is

", +  lanosterol and not,, as mxght be exp a’ £rom the phy 1

content, eycioattenol. ; e : o §

It is.obvious that the route to the phytosteréls from

inote. * .

5 o . & It appears that there may be some dlfferences between

the two Physarmn species examined as only one, P. flavicomum,

was shown to contaxn 24—d1hyqrolanosterol. This result may be -
R ik .a refléction of differing biosynthetic pathways' or, a‘l’texnatively d

i 5 ’may only indicate.builliup of a compo\md that is more rapidly "

£ mecabonsed in B} golyceghalum L E NI L T




Pt The of 24-dihydrol 1 is of in

*as its ptes‘%nce canndt be fittéd into the ‘scheme’ normally
] e s\lxggested for the biesynthesis of 24-alkyl sterols. Certainly,
. s = :

o i"g the synchesis of sterols which pre not alkylated at CZX such

‘as cholesterol, it . that lar 1 is often red to -

TR the 24~ dlhydxo detlvatxve ash the flrst step (18) but it iz - ¢
= squest:ed that C24 alkylauon by the-, electrop}uhc g

24:25 yona and

wi W adenosylmethionine requires the presence of the A
R should this be reduced it is chff:.cult to see what sttuctutal
‘fe_atures nu.ght influence the course of alkylat:.on. . ¢
X - 'A possible explanation for the presence of dihydro-
lanosterol is that,following the formation of the c’yclised
i ‘ /p:odnet lanusbexol, there is competition At C24 betieen two
. : teactzons w).th essentially t_he same blochélnical mecharusm-
al)?ylatxon and ud\xction. The snularity between these two
: R reactxcns -fessantrally attack by the electrnphxleﬂ or CH ) has
g ' been suggested by the Hétk of varxous authors (50 51 52), thua
Sul % : trxparanol xnhibits both xeactlons probibly bv blockind.
S0 the elect!cphllic active site on the respectwe ‘enzymes (53),
i though it has no effgct on -any othex: reaction in sterol bio--
@ . s_vnthesls. If there is competxtion of ‘this) type’ lanosterol
¢ o el -‘might be pux:tiully reduced to dl}wdrolanosteroi .and partially
3 methylated to " Jh—methylene«hhydrolanoatex‘ol. 2o fact,a‘small.l
) amou;n:( of a compound wn:h molecular weiqht 440 (492 in .the ‘

. acetylated mixture) was de by mqss 4 ry in both

4. ' Physarum species und a small penk in the qlc had a retention ;
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may accumulate, };e iur‘th‘e_r metabplised to the p\hytosterols by a
-qit{erent route or undergo reaction to give sterols with no c2a
alkvlation. In this regard it is .of interest that Lenfant dia
' detect small quantities of cholesterol 1n the strain’ of P. b h
"golzceghalum used, and it is possible tha(: this is synthesued
through a typically an%mallroute (Fig. 1).
It is dlso of interest that Lenfant et al. (8) reported
“the presence of a tritekpex:oid alcoliol, molecular weight 428,
which was tentatively identified as 24-ethyl-4a-methyltholestenol

because after incubition of the plasmodi\.\"m in the presence of:

[Me— H ] methionine the acetate showed a molecular ion at m/e

475 (470 + 5) guggesting: that an €24 ethyl cumpcm’nd had been

’ ﬁorn\ed. The compo\md with the same molecular: weight in the two

species examined in this work was 24-dihydrolanosterol in P.

flavicomum, and though it was not identified in P. polycephalum

as'no additional isotope peaks were observed after culture with

[Me- H ] mehhxom.ne, it was concluded that 24-ethyl-4a-methyl-

cholestenol could not be present in.appreciable s . ¢
However, its presence cannot be excluded and this compound can
'easlly be fitted into a hypothatlcal scheme for sterol .

blosyntl;esxs (Fig. 5). < ! o

This reaction scheme indicates possiblerroutes to the'

five majox: sterols, ergostanol (1d), poriferastanol (Ie),

ergostenol (IId), 22-dihydropsrifprasterol (II€) and C
“poriferasterol (III), as well as suggesting how cholesterol (IIa)
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© . Fig. 5. A possible scheme for 'the later stages of sterol’
biosynthesis in'P. polycephalum and P. flavicomum
.
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-and brassicasterol (IIIb), which were detected by Lenfant,

= 180 COTN
& ) , 2
night be formed: Of the i diate , 24-

i ]
d1hydro1ahosterol has been detected in this wark and evidence

for the& presence of 24-methylenedlhydrolanostex_.‘}k (VI) and 24-

ethyl-‘i_m—methyicholestenol (ViI) haf’l‘)egn presented by Lenfant.

1assxf1cat10n of szomycetes . N

The knowledge of the trlterpencld and sterol content

of these species appears to be of 1little help to the taxonomist

ing to cla iFy the My ycetes as plant or ammal. " The
. oscurrence of a. m1xturF of st;erols typu:ally found in higher
@
plants together with the cha_ractensnc animal or fungal

precursor only serves to emphasise the uniqueness of the

-organisms, : ‘ v

Further study on the biosynthetic pathways Jiliseq
in-these organisms is made difficult by the rather cofiplex

ixture of sterol p . The ideal situation for further

, work would be the identification of 'a s‘p%cias, or a'strain of .

one of the ;peci'es already examined,. in which a single, plant

sterol is synthesized in relat'ive].y large amounts. At present

. g . :
_’such an ideal system has not been reported, but mass . -

spectron\etry, uslmg the rapid technlque described Jater, cculd

poss:.bly ].ocate such an* orgam.sm. 4 i » 4 %

Function of sterols £ s . . -

B 4 ot
. It appears to be an exercise in futility to suggest

possible functions for the 1s at this time. "It is possible’
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that they are true- secondary meta‘bolites being end pi‘oducts of

biosy: tic p y ible for removing undesirable -

products from metabolic reactio'ns subject to feedback inhibition,

on the other hand it hasvbeen shov;n that such plant sterols may
'sérve as precursors of related components with ; possiblé
physiological effect (54). A related compound, 422-stigmasten-. . »

38-0l, -has ‘been implicated as the cellular aggreéatiqn hormohne in '

the non-related cellular slime mould, Dictyostelium discoideum (55) .

Sterol content of sxnchronous cultures of P. polycephalum
Cultures of P Eolzceghalum were grown in which the

.niclei were highly synchronous thtouqhout the plasmodium at the
.seconid ' (MIT)" and third (mn)»_metaphaaes after bemg starteds
It was -possible, uslng phase contrast’ mxcroscopy and a knowledge
of the approximate time reguired for each-step to collect the S
plasmodiun &t specified times during ‘the mitotic cycle in order
to look at :its chemical composition. ’ ! »
_ The: quantity of synchronous plasmodium vas limited to .

- about’ 0.2 g and thus it was not oY to/look quantitatively at

any partwular component, s0 z.t was decided to look for.a rapid.
scamung technique. that mlght show changes 1n concentranon of .
one or more cnmpcnents: mass spectrometry was chose_n for this
iwurpnse. . ! = » }

It was found that a portxon of the wet plasmodlum

cculd be 1n€rodut:ed 1nto the-dipper of the inlet system of the

S
mass spectrometer and a masg ‘spectr of th1 sample; after

" drying, could readily be obtained with ions due to'the various

stefols béin_g gbservedp«'hen the spectrum was'run at 230°
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As no direct quantitative medsurement. of the individual '
sterols was obtainable, the relative peak heights of\éhe various

ions'in the spectra were recorded, all spectra k;e:'mg run undet',

as far as fmss‘ible, identical conditions. . ‘

) Though it is probable that the relative volatilities
of the sterols differ and also that the ease with which each )
forms a molecular ion and the ease with which this’, once formed,
fragments also vbaries, ‘the method probably gives an approximate
value of the ralative ccncentrations of the stezols and could .
indxcate any change u; the concentration of a 5tetnl during the
mitotic cycle. Any change located in this way, if considered
“to be important, could be followed up by altex:nauve quantlta-'
tive techniques later. B

One possible probiém in this method might be effects.

due to any.different strengths of binding of a particular
sterol within the plasmodial structure at different ;;oints in
the l'{xitotic cycle; however, it is prof:;ble that the drying

procedure would disrupt any such bindingl

D taken at imately 20 min time intéwa‘ls .
after MIT t}lrough to MIII shﬁwéd no s‘ignifica ‘tchanges in.the
relative concentration on any of the five s eths (m/e, 400 402,
412 414, 416) when the height cE each molécular ion was

expressed as a. percentage of. thg sum of the peak heights of thg
five sterol molecular ions. A spectrum of the resting
Bclerotia was not significantly different Eroin‘ those of the :

growing plasmodium. : = - . . LE
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Other cell components 1n" ynchronous’ plasmodia - ‘ i .

) ‘Though the relative qonce‘ntration; of the sterols did‘
not alter, other ions in the spectrum did change in _-relative
intensity during the cycle, being undetectabie at some stdges |

a'né_quite pronounced at others. Again, thére being no basis for
3 a quaxiéitative measu‘rement‘, /t.r_:e peak height was expressed as a

percentage of the sum of the molecular ion peak heights of the *

sterols. . i ’
) An ion at: m/e 426 (possibly lanostexol) was obvious /
only in the last . hour of thé mitotic cycle and immediately after
prophase (Fig. 6a).

i ° An ion at ‘m/e 429 increased to a maximum between
i metaphasé and al‘wut 3 h after metaphase following which it
decreased; ;.the overall change invthe relative peak height was
about 15 fold ‘(Fiq. 6b) . - .
. An ion at m/e MB was first observed immedxately
before nuclear division was prominent during prophase and
decreased xaéidly' to be undetectable 30 min af'ter metaphase g™
(Fig 6b) . ) . ) ) V
An ion at m/e 365 also showed significant change for,
though it was detectable throughout the cycle, it appeared to
- shoW an especially hiqh concentration nbcut 6, h'after metaphase

(Fig. 6b). .

Y The sig.niticance nf thz‘ase resdits cannot at present "

- be determined but it is inte:est:.ng to note that Rusch et al (56)

reported the occurrence of & xelanvely themostable_ substance



- before the followin

- N\ o . % .
which appears in the plaamodiul’n of P. golxcegﬁalum about 2 h °
-/ metaphase and which, ‘once formed,
irrevocably ccmmlts the nucle1 to division. i " " e
. No' attempt is belng made here to u‘se the mass spectral

data as’a deflm.txv:_e quantxtatwg measure-as it is realxsed A

that even minor changes'in the prébe temperature amd the time

whiéh theé sample spends in .the spectrometer before the spectrum .
is run can have an effect on the x‘elatxve sxzes of the ion
peakﬁ. However, the results presented are faxrly reproducxble
over three runs and-the large increase in—the’ height of the '
m/e 365 peak after about 6 hours has been observed on f1ve

ccasions:,

Nature of the compound causing the m/e‘365 ivcn it E
o In attempting to follow up the nature of the molecule .
causing the m/e 365 ion, it was noted that the relative size of
the peak to those at m/e 367 and A359 increased if the sample

was left 'in the spectrometer 10 min before running the spectrum.

‘However, on four more occasions the 365 peak was anomalously

" large at about 5-7°h ‘after metaphase, so it appears that the - °

change is real.and not ingtrumental in nrlgin. 3
"'Attempts were made to discover the nature of the m/e

365 peak by obtaining the mass spectrum at increasing

temperatures. At 260° the spectrum above m/e 350 was almost

totally steroidal with a very small 365 peak but aftef incfeasing.,

' the temperature: to 280-300° the sterol had completely volgtilised




, ‘off, leaving m/e 365 &s the major ‘high mass. number 1nn. Tt
_appeared, therefare, that the compound is more polatv than_the

sterols .or else the ion is a fraqmentatmn 1on of a compound -

with a molecular weight much greater than the sterols.
An ether soluble fractxan of the‘plasmodmm gave a

T typxcal sterol ‘spectrum with no ubvlous ion at m/e 365, however,

when the plasmodium was re-extracted with methanol the residue,

~after evaporation of the soiv’ent, gave a very weak steroidal

spectrurt at 260-240°, at 250% m/e 365 was one of the strongest
k. “dons above m‘/e 150 and at 3006'the ion was close. to being the
¢ ‘ ’ base pedk in the spectrum even mcludxng\the very 16w mass’ ions.’
) It is possible that m/e 365 is'not a molecilaz ion
but a fragmentatlon 1on since there are weaker hxghe& mass ions ‘
1nc1uc'11ng one at m/e 576 wluch shaws a long series of 1ons at

me576—14

; however, its: solubility .prope:tles do” show that

. Tt is' far more polar' than the sterols. < 7 = .




Figs. 6a and b. The change in concentration of some high mass
ions in the mass spectrum of the ether extract of a . .

i

synchronous plasmodium of P. polycephalum
(Concentration expressed as percentage of total sterol molecular
ion peak heights p. 43.) . ° 3 ; A
% S Fid: 6a. Ion at m/e 365 ¥

30

20

10

* 5 10 .
_-Time after prophase (h)" °

#

F:Lg". 6b. Ions.at m/e 429 (=—), 448 (=-=)* and 426 (=.-.-)**

*m/e 448 only’ observed immediately beforé and after mitosis
-.("and at.about 6 h after mitosis. . : 4 i

© **m/e 426 only obderved immediately before nuclear division.
e E i .

RN : . . o tan B

Time after prophase (h)



EXPER TMENTAL

. . t‘é W

 Infrared absérptions were recorded in solution in *

either chloroform or carbon tetrachloride on a Perkin-Elmer 2378 :

spectrophotometer . % = -

Ulttavxolet /V].slble absorgtlon spectra were measured

RMU-6E mass spectxometer. The ‘spefctra of the PEerale ire e
répnrted only in the upper mass region (above m/e ‘200) - making
reference to ions with an abundance uf 5% or greater of the .
base paak‘ The structuze of many uf the characterzstlc ions
has been reported by Knights (39) o . ' 2

Nuclear magngtic resonance sgectra were detem:.ned on
a Varian HALOO spectrometex.

Melting points were détermined on a quler block % a
R

heater and are uncorrected, w

Gas 1: :.Ld chromato raphy. (glc)

Glé separation of the.sterols was effectad on.one,
tivo mstrumenr_s. ‘A Perkin—Elmer PE 881 fitted with &’ £lane
ion:tsat:.on detector (effluent split 4:1 ccllector detectox) and

245 m X 6.6 mm.OD glass column with hehum as the cas rler gas v

with a flow x‘ate of 40 en? min™t.
X .




’ Ll - 2 '
g ; A Varian Rerogfaph 1820 with a thermal conductivity

tector, and a 3.75 m stainlgss steel column (OD 6.6 mm) was

5 de .
6 s ‘A?sq used. The carrier gas yas helium witha flow rate 65 cm’
min‘l:- this instrument was fitted wigh an integrator.
- ) % “I‘?xe columns were/ packed with acid washed, silanised
_Chfomosorb W (1002120 mesh) which was, coated with one Of the
following liquid phases/ V )
' 38.0v°)7 o ’
s i 43 ! ov 101
R '4%_/ov 25 . 5 ) 7
) % se 30. _ ’
After a .certain amount of experifnentation with ;olumn ;

temperatures and temperature pri amming, the ing' -

conditions for all ‘columns were: . v . e
columitemp, 270°
injector temp. 300° - S o

. ; :
detector temp. 300°. -

Unless otherwise stated all‘glq data are reported under these
conditions. * . " * s

g OV 101 w-._as used fPr al{ ptepafative work: when the
effluent sterol was condenséd in narrow bore glass U-tubes

" . cooled in a Dry.Ice bath; the other columns were used for
“analytical work only. ; o

“To-compare two sterols, the two were chrpm:atograp!;ed

éeparately and were also injected simulbaneouély onto " the

column. I /’ﬁe two had the-same retention time, when. applied
\ s .

- . i

. Sy bl N v



<

separatelﬁ two or more diffqrent Columns and if when injected
toqether a smgle symmetrical. peak was given, thid was- used’ as’

evidence DE théir close slmxlar:.ty (probahly identical or 024

epimers) . . 5

v
Quantitative measurements on the PE, 331 were. made by ;

mult:Lply].ng the peak helght by the width at half he1ght- on the

Varian Aerograph the 1ntegrator was fused. These methods both

Tassume that the volatilities of theindividual sterols, and the:

déteétor'responsg to each, are almost _idenj:icallAprobably valid

_assumptions (57). ' L 1

P " .
Efficiency of different liquid phases in the separatiok of a
phytosterol mxcure by gle 5 By .

.As preliminary work: to the separation of the nuxture

of the Myocomycete ste,rols into its components several 11qu1d
‘phasés, each stable to a relatively high tempe;atur_e —(390 )
wére investigated in ;rder to test the effikiency of ’each‘ in
the separatxon of an authentu: mixture of qampesterol/,

sitosterol and stigmasterol and of their respectlve ‘acetates
(Table 3y 5 g m :




Table 3. Retentlun times “of Ehz{:osterols and dem.vat:wes on. .~
: various Ehases at 270°c“ - )
i

Sterol ovizx ov25  sE30 «]. ovioi
= T . o e
cholesterol -{ 1.00 -, 1.00 ‘I 1.00 ‘| 1.00.
= © . 4| (13.3 min) | (9.75-min) | (11.8 min)- | (16.1 min)
campesferol | '1.27 l2s ) s “1.26
stigmasteroi | 1.44 i 1.39 ool 1alE* 1.43
" p-sitosterol |.1.64 | '1.52 1.70 | 1.69
o ' campesteryl’ ‘ = " S n
. *. acetate B 0 1.63 1.76 £1.66
w ‘ ® 5T i X Bl
stigmasteryl “ g .
acetate = +1.88 J 1.80: .
By, _B-sitosteryl. . "l - 1 L .
N acetate - . 1.96 . 2.03, ,

s *The three ov phases were used becausa of the var)ung percentage”
of phenyl subsntutlon on the, silicone phase (ov101 0%,
-OV17 508, 0V25 (758).. . - . : - *

e “**}\l}z‘retention times are given ré:atiy‘e to cholesgg:ggl for which .’

. v _— - -
. compound the actfial retention time is also wivén. b

"o = !

Clilture éonditions for szomyceté's

T Ba polyceghalum andP 'flavicomum . . 7 wi

i . Both orgam.sms were narmally grown in 11qu;d medium
. and on agar plates on a.part:.ally def;ned medmm. 'rhe medium R -
was essent1ally that developed by Danlel for the culture of P. .

.golxceghalum (58) (Table 4). b3 i ot




(a) ai‘:tdclé*}ed separately’, ”
- 8 R ;
(b) $alt suspension e ¢
N solution ‘a solution B
° ) -+ Cacl,.2H,0. 10 g .. FeCly.4H,0 2 g., ks
Mgs0,.7H,0 10 g .MRCly.4H,0 1. 3
: -citrié.acid h 2nC1,.7H,0 - 0.56 g~
’ Sonohydrate: 209 " water to 100 ém
. coné HCL | 2 om? €

yeast extract

caseln hydrolysate -

‘dextrose monchydrate g,

KH,20; .o
(a). Hemin (0.04% in 0.015 M
‘. NaOH)

. (b) Supernatant of- salt 2

suspension

c1tr1c acid (0.5 M Ain M NaOH),

(c') antifoam (AF-60 Canadian
General Electric)

(q) -Wycj.llln 300 suspension
3 a(Penu::tll:.n—G Prccaz_ne)

»
water to 1 ’ 4

1

L1

A
3

. 2‘

"2 drops

.‘1

10 g

0g

0 <:l|\3

0 ¢m’
3A

7 cm’

am?®

30,000 .IU

water to 300 cm

g

Solutlons A and E mixed and made up to, 500 cm

3

olycephalum

Comgosltlon 8£.1 am 119u1d medium for P. polycephalim -

LA (C) - Antxfoam was added to shake flask cul\:ures 1n the earJ.y

(d)

wurk, but was later shown to be unnecessary. .,

Pem.c:.llm was not reqyired prov;d:.ng that exttéme care
L ¥

_ was taken to maintain aseptlc condltxons. H

S



(a) Shake flask ciilture

-3

Ih a typ1cal run six 3 ‘dm Erlenme)k: fiasks, each

contalnxng 600 cm® of the cultute medium and stopperad wn:h a

»cottum wool pluq, were autoclaved for 15 min. After coola.mg,

the hemin soluuon, which, had been autoclaved separatel‘y, was‘
added aseptlcally to each Elask followed hy 20 cm3 of’ the oy
plasmodial suspension £rom e prevmus 4-day-old- culture, the
initial cultureshaving been kz.ndly g:.ven _!;y Dr. Cc. J. '
Alexopoulous .of the Univer/s.i,ﬁy of "l‘exast The fl:‘as_ks were shaken °
in the dark in a thermostatically controlled foom at about 25°
for fmx’r days before the plabrodiun wag harvested. ' After being
removed from the shaker the flasks ;dere allowed to stand \}nt_l

the plasmodlum had settled outy-then, after decartation of the

" medium, the pla’s‘“odl\lﬂl ‘wa centrxfuged at 10,990 rpm ‘for 2 min.

(The microplasmodia of P. flavicomum tended to be rather

/élatinoué and, unless the culture was stopped at exactly the

right time,.'settled very slcwly if at all.y . N

For smaller sr}ale cultures, 250 <:l|\3 flasks, conta1mng

150 cm® of medium, were subdtituted, all-other additions being

scaled down 4ccordingly. It as found by other workers in the

laboratory that t:he usual hémin concentratwn tended to qause B

aggregation of the plasmodium in thess sma,lle: flasks and. #hus

the concentration was féduced to 6 cm® Gf standard hemin

solytion per dma of sélution. P

el




. flavxcom\m were ma:.ntalned in pet:x dishes on nutrient agaz _

' by penicillin and, after solidification and inoculation with a

_usual manner, both speciés growing normally.

(d) Defined amino acid medium

o3

(6) Solid medium . . ¢ TRl & o T L W
Stock cultures of both P. polycephalum and P.

made hy adding 1. 5| ,agaz to the liquid medxum before autoclaving.

. After a‘l].aw:Lng the medxum to ‘cool, the hem;.n was added followed

small piece of p;ln_smcdihm“fxnm a previous culture, the plates

were incubated in i‘,he dark at725° for 1 to 2 weeks before heing~
subcultured - g .

. ' o /

(c) Meﬂzu{ fcr mathionine and [methyl- Hyl methionine feeding

exgeniments 9 . e o .

(3) - Two 50 cn® shake £lask cun—.uxes,f{one of p. ) ;
polycephalum 4nd one of P flavxcmnum, o up in the usual
manner and to each was add 40 mg of DL-n\echI’{xne (prepated )
from homocyst:ne and methyl iodide) w}uch had’ been sterilided .

by dry hedt at- 120° for 1 hour. Incubatlon tolluwed in the

(1) [Methyl-?H,] methionine (prepared from
homocystine and 2Hy-methyl icdide was substituted for the .-
unlabel__lued ami._x’lé acid ;nd 'q}:owth was agein -normal. :
;‘ 4 LR
(i) Thé protein’ sciarce (casein) 'in the cultut;'
medium was. rep},aced by the following mixture of anuno acids' and

ammemum sulphate. .' y = d 3




A L= s -

% . ' m‘g E‘ er dm3
Di-methionine , '  .250 i
glycine oo L3 . 450 i 3
L . " 'L-arginine " ' i : .
Ty g hydrochloride * . 600 .
L 5 DL-alanine * O 1,éoo_ '
: m,) 550, . 250 . R

(ii) Labelled (Me-,H’] methionine replaced the
unlabelled compound in medium (d,i) above.

Growth of P. “polycephalum and P. flavicomum.in both of
these media was extremely slaw. P. flavicomum was harvested” /‘
'aﬁter 1 week but P. polycephalum had to be cultured for 2 weeks '

unt11 a reasonable .amount, of growth had taken place. .

(e) .anchronous culture of P. .Eolxceghalum 5w !
P Enixceghamm was cultivated by Df. E. Bullock.in
th:.s laboratory us:mg a variatlon of the methcd descrxbed by.
Mohbe:g and Rusch (59). ¢ i
’ An aliquot (5 cm’) of the cuj‘tgre stock line, which
was maintained in 'che";éartiany defined liquid medium in shake
{culture at 26°.& 0.5° and subcultired every 3 days, was added
to fresh med).um (50 cm ) and allowed to qrow for 20 to 24 h
whilst shaklng gently. The mlcroplasmodla were centrifuged out, .
suspended .in water and applied to a mllhpore membra(le (Oxoxd)
* which was supported on a Whatmsn 3 MM filter paper and a

stainless steel mesh in a covered steel dish. After 2 h the

- 3
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microplasmodia had fused and sufficient Iiguid medium was applied®

“to wet-the filter but not the membrane; the medium rising o

through the membrane pores by capillary action. The dish was
agitated in a horizontal plane in a linear fash-jcn at abou\‘_
25 stokes per minute, so that fresh medium continuously flowed
under the paper. . : f i : : ‘
The first metaphase (MI) occurred after 6<7 h, the
second . (MIT) after about 18.25 h and.the third (MIII) after .
about 30 h. BothMIT and MIIT were highly Tynchrnnous, pro\ud-
ing that the plasmcdwm was not too thick, but MI and MIV were '

much less synchronous. . cet

II. Badhamia utricularis

A thin layer of uncooked oatmeal flakes (Ogilvie)

was placed on the nbo‘ttom of several petri dishes and these were

. autoclaved,at 110° for 15 min. A hot autoclaved solution of '

I.S%Qaga:/was poured over the oatmeal and allowed to set. ‘A

‘sterile loop was used to transfer a small piece of plasmodium

frqm the previous culture: the original cuiture'wag' kindly‘
donated by Dr. C. J. Alexopoulous. The plates were‘kept 'in
the dark at 25° for several days until the yellow plasmodlum'
had .covered the surface of the- agar.v

In larger scale work, 20 cm x 30 cm casserole dishes,

"fitted with stainless steel lids, replaced the petri dishes,

and four pieces of plasmodium were used to inoculate each

plate ¢lose to each of the four corners.



Extracticn of triterpenocids and sterol’s‘from P 1avicomum and
B. golxcg&halum ' o
: n a typical extraction 4 dm3 of a 4—day—old culture
of either 2. Eolzceghalum or p. flavlcomum was 'allowed tg
settle for 2 or 3 hours ana, after.decantation of the culture
meqium, the plas;nodimn‘was separated by centrifugation at
110,000 rpm for 2 min. .The plasmodium ‘was‘ homogenised with
three times its volume of acetone in a Waring blendor for
about 30 sec, and the aqueous acetone extract was filtered
under suction. The- filtrate was concentrated at 35° under
;eduéed pressure until the smell of acetone could no longer be
detected,’ and the.‘.resultin_g suspension was extracted four times
by 'shaking with an equal volume of pefroleun ether’ (35°-60°) .
(Although ether was a more efflc:.ent solvent, it also extracted
large amounts of pigment which was required for other” work. )\
The petroleum ether layers were comblned and the slxghtly
brown solut).cm was concentrated ttx one th).rd of its bulk by
evapo):atwn under reduced” pressure, and then drled over .
anhydrous sodxum sulphate. After.drying, the solutlon was
evaporated at* 35° under reduced pressure until no more solvent
was removed, then the dark brown semi-solid residue was
‘dlssolved in warm absolute ethancl and to this solution,was

7

of sodlu

hydroxide (20.g in 100 cm® water). The resuluﬁg solution’ was a

added an equal volume of an- aqueoﬂs solution

left overnight at room temperature, thEn after dllution by

half its volume of. water, the unsaponifiable lipid was extracted



= BT = 3

g i > B
Ainto petroleum ether (35°-60°) by ‘sh:aki‘ng‘ three times with half
v,its volune of the fat solvent. The petroleun ether splution-
-was dried over anhydrous sodium sulphate and then evaporated
to dryness to qxve a slightly yellow, semicrystalline solid.
, In later work the wet plasmodium,' after cen};rifuging,
. was ‘freeze dried, 240 g yielding about 12 g’ dry  weight: the

dried plasmodium was stored’ in a vacuum desiccator for several

weeks with no visible: s:an of deter«oratxon.
" " The dried plasmodium (12 g) vas rapidly ground in a
' mortar (the plasmodium was quite hygroscopic and became very

wet b 5. this process was followed too slowly) and refluxed fox:

0 thh with dry ether (200 cm’ ). The sterols were readily
= extracted and in the absehce of water, the ether exttacted
i 5 W7, vety lﬂ.ttle pigment. The ether solutmn was evaporated to
) dryness to leave an almost white semi-crystalline solid (ca.
80 mg). . « . § .. e, B
o This 1ipid fraction wis then treated with Sodiuh’

hydroxlde solution and the unsapom.fxable lipxd ex,tractad as

previausly descrxbed. . - . ‘43

Extraction of sterols from Badhamna utnculans -

. o The ye}low pTasmodium (20 g) was scraped from the
. . “hgar plate and freeze dried. _The-dxy plasmodium (1.1 g) was

. & " 'réflaxdd with dry ethe (15 cm’) for 2 h when the ether vas’
:er;\céved undén reduced pressure leaving a p‘;le yellow érystalline
solid fll mg). The mass spectral and glc propertxes of th:Ls ..

crude sterol extract are recorded. - @ o "
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\ Column chromatography of nnn-sagonifiab\ke lipids from P.. -

“EDyvicomum- o ’

! The unsaponifiable ‘lipid (203 mg) was dissolied in a

“, gmall amount of benzene and chromatographed on a 15 x 2 om 5
,vneutra‘l alumina (actlvlty 3) column, first w:Lt:h benzene (150

. g em3)'and then with 5% ether in benzehe - (200 emd). on’
evaporation the benzene soluticn gave a yellow'oil (8 mg)
which cdntained"the' triter ids, and the her - .-

solution a wh;u:e solid mass of sterols (183.mgj.

The lipid fraction of P oI ce] halum was chromato-

graphed using the same sy te/m’('l‘able 5). .

Table 5.
e & Eroce ure (from 4 d.m3 medium) 2
= P. flavicomum P. polycephalum
: Wet wt. plasmodium 125 g . laa g
i " ¥ (orange-Brown; (yellow-brown,
. coarse texture) fine texture)
5 Ether soluble fraction 0.59 g (not measured)
i \ ' . L
Non-sapohifiable -t 2
R Iipid - “ s 101 mg 1/~ 125 mg
Alumina column - . v .
/. i (a) triterpenoids 6, mg
. (b) ‘sterols. 3 108 mg
i tle (#) stanols. ‘ 28 mg
: (b) unsaturated .
77 mg




Se g n b e

Mixture of sterols 2 L p

The sterol mixture £rom P.. polycephalum 'and B.

- flayico;mm c_i'ystal]:ised as white ‘ec¢dles from eﬂ;er-et:hanol_.
The sterol .mixtnré': from B. utricularis was only obtained in a-
"crude form. B T . i Var

— . Mass spectrum:- the_spectra from m/e 400 to 420 are

. recorded V_f_ot the sterol mixture from each of the thfge species

(Fig. 7):

" Pig. 7.

- B. utricularis

S : ex. P. flavicomun <




Liebermann-Burchard reaction (6):

< A few crystals of the mixture of sterols (cé.‘.':,qu)

from both P, Eolxceghalum and P. flavicomu were dissolved in

& glaclal acetic acid (l cm’ ). Acetitc a.nhydr:. 2 cma) and- .
concenttated sulphuric acid- (0 1 cm ) were added o

In both cases a green-blue colou:atlo_n, developing
to‘a maximum intensity. in wapp’roximat_e‘ly‘ 0.5 h" indicated the,

presence of A5—, stexol;.

Acetylated mlxture of sterols

© " Mass spectrum: the mass spectrum of che acetylated
sterol mixture obtained from P. flavicomuw from m/e 390. to 460
is /éi;len in Fig. 8. Thg spectrum _of‘-the acetylated stero;é

from P. Eolxceghél\m\ was gualitatively identicél. ¥

Fig. 8. Mass spectrum of the acetylated mixture of sterols
. from P. flavicomim from m/e 390 to 460 ‘
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Separation gf stanols and unsaturated sterols by thin layer- *

éhrmnatﬁxaghz (tlc) - s 3 i

! Silica gel G (30 g; Merck, acc. to'stah‘l) was shaken

#vigorously with a solution containing silver nitrate (9.0 §)
in water (35 cma) and 95% ethanol ( cmg). The‘ slurry was
spread on 20 x 20 em? glass plates Weing a Shandon spreader. -
Hfter air drying for 1 h, the plates were. heated to lloovfor
0.5 h, then cooled and stored in a vacuum desiccator. )

The mixture of sterols was dissolved in the minimum
amuunt of chlorofozm and applied‘ to che place with a micro-
pipette. The chramatoqram was develaped using chloroform in
a chamber . previously saturated thh solvent vapour .

After drying of the plate, visualisation of the
sterol compounds was achieved by placing a template over, . the’
plate and spraying two narrow bands, one approximately 5 cm-
from each side‘o’f tjxe plate, with 50% sulphuric acid. After

heaf‘.inq at 110° for 10 min a deep blue colour showed the

of two r bands cor ng to -the stanola

(RE = 0.34) and the uhsa:uxa:eé sterols (Rf = 0.23).
The two ba‘nds were scraped from the plate and the'

sterol compounds eluted fr m each by refluxing the sx!.:u:a gal

v{ich _dry ether for 0.5‘h. The éther solution was. f#;tered',,

washed twi;:e with half 'its vc;l:lme of ‘water, ‘dried over

anhydrous sodium sulphate (2 'h). and evaporated to dryness.

_'.l‘he mxtuxes ‘of stanols and \msatux‘ated sterdls were sepazatelyv

crystallised from e\:her—ethanol. = 5 -




: \
, ‘ 'Crystailised £rom ether-ethanol. as ‘white needles.
s 7 L Mass” S‘pectr\m

The mass spectra of the mixture)of

“'stanols extracted from P. golxceghalum and from P. flavicomum

(3
| were qualitatively. identical and is only recorded for'P

* flavicomum (Fig: 9).

'Fig. 9." High mass end region'of the mass spectrum of the .
o mt o P. flavicomum stanol mixture " . - ' -
G ; ;
. < A
& o . °

The relative retention times of the stanols #rom tHe two

sources were identical, though the relative amounts |
differed (Table 6).- . .




Table 6. The relative retention times of the c

- 63:-

onents in,.

Py, L “and’ the,composition of, the mixture 'of'scanols. from
" ’ B ;ol;ce;hjlum and P flaviccnum t;ether with the

relative retenuon tmes of camj estanol and

\;‘/f"stx a

stanol‘on.the OV 101 column

R

-Stanol .-

Re. latxve
‘re tention

e

P. flavicomum

.+ stanol 1 (1)

‘t time (OV 101)

1.34 207 & S 35
campestano‘l‘ sa g 3'2 - =
stanol 2 (Ie) 1.63 o - 80 - 65
stigmastanol |. ' 1.61 = -

3560, 3420 (OH): 2910, 2845 (CH):

' Infrared speétr

- 1375 (CH);

(sterol nuéleus) cm';l 5

PR Unsatu:ated sterol mfkture

B Czyskallised from ether-ethanol as -white need es.

# s . ° Mass s

-

%' 5%

peel:x‘unr the spectrum. from m/e 400 to 425 for

~ g

»

AT

1125, 1010 (OH);

950, 905, 860

Ehe mixture Erom P. Eolxceghalum is qiven in‘ Fig. 10.



o’

~Fig. 10.

quant;tat:.vely .

Glo: The relative :etenndn times of' the three stierols and of

High mass.region of mass spectrum of the ‘unsaturated’
sterols of P.. polycephalum ok -

campestero, \’, stigmastezol and_ B- sxtnsterol are -qive\-in

Table 7, and of _their” acetates in Table 8.

Table 7.

. order of elutmn) f:an\ both P. flavicomum and.P.

v

Eolxceghalum

g . glc liquid phase’, .

ov 17 | ov 25 | SE 30 | ov 101

o gkeror 1 [Li29.] 1.26 | 1337 1.24.
campestefol | 1.27 | 1.25 Y '1.35 | '1.26

. sterol 2 roas |11 | 10aa [ 1i4s
* . stigmasterol | 1.44 | 1.39 1443,
“sterol 3 1.66 | ) 1.69'

1.69

.7 " p-sitosterol | 164 -

Relative retenraon times. of "the three ‘sterols '(1ﬁ

o




: Table B. Relatl.ve retention t:unes/ Of Jﬁe three cnmgonents of

the acetylated mixture cf sterols extracted frolll

i IR S Eolxceghalum and P. flavicomum
W Glc 1liquid phase !
ot < 3 . oV 25 |-SE'30 | OV.101 -«
, stérof 1 acetate ' - 263 | 176 | 168,
B g 1 o ] [l W
3 = 2 campesteryl acetate 1.65 1.77 | 1.66 . L :
e v % sterol 2 acetate . | 1.80 | :1.88 1.80. B
stigmasteryl‘acetate | 1.83:| 1.8% | 1.80 '
» 17 - sterdl 3 acefate 1.96 | 2.29 2.05 :
# B-s‘itos’tery‘lv acetate 1.98 2.30

‘ _—
“ “
lat 2 .The relative amounts of the three sterols, cﬁalculated
s
from peak areas, are g;ven in Table 9. ¢ o

o ; T = « |

Table 8. Relatxve amounts uf three sterols 1n the mixture °

. eitractéd from P. flavicomum and B: pslycephalum
PR - s 2 . .
i : . 2.7 % of ‘total unsaturated sterols E
5 T i flavicomum | P, polygephalum
o }g )y sterol 1 10 SRFCI
& o ® fo, ow § %5 .. N i v
s . sterol 2 sy o f " 39
) - sterol 3 33 - 45
g LIPS B L ] b3 * B : e :
Vg g "The above .amounts’ were |somewhat variable'bq; the !

4 praporticn of sterol 2 was always fa'r greate:

in P. flavicomum.
ﬁ‘ o 5 o . = “ - " ) y <@




'

Acetylatmn of the mixture of unsatut‘ated stemls

The lm.xt:ure of sterols (55 mgl was dlssolved ln )

anhydrous pyr;dlne (5 cm ) and acetlc anhydride (1.0, cm ) was

;{r‘ added. The ‘mixture was, then alloved to stand ol!ernight at’

room temperatm:e. (In a second reactlon the mixture was
2 G e . i €

reflixed for 1 h.) . . s .
‘© . Deionised water (10 cm 3) was, added to the mixture
and the sterol acetates were extracted into e(:her. The solutlon

+ was evaporated to dryness and the .semi- crystallxne solid was .

chrcmatogtaphed on neutral alumina (200 mg; Woelm, actlvlty 3) .

Elutlcn with petroleum ether gave the acete\te mlxture which
crystall‘lsed ‘fmm ether ethanol as white rectangular plates &

(40 mg) . y L . ; .

Acetylation of the mixture of stanols and of pure samples of .

:sterols 2 and 3 o co s e

v e Tl}e_ma;hod descrlbed above was. usei .

Catalytlc hyd:o enatmn of the mixture of sterols ws

W ' The crystalline mxture of. sterols 35 wg) s
dissclved in ethyl acetate (20 cm ) and,lo% plat:.num on >
%a;coa}' (10 mé); was added.” :The mixture was $t{irred in the

pre's‘ence_'o‘f hydrogen dt zoom temperature. and, atmospheric '

‘pressure, ‘the uptake jof hydrogen‘b‘éing‘ followed. When no moré
ydrogen was bemg absorbed (about 2 h), a sample of e
: solut:.cn was taken a‘nd ;}:s composxtlon hecked by glc, whlch,

5 pruv1d1ng reduct).on was eomplete, showed the'pres#nce ef only




" under reduced pressure at 50°. The reduced product was )
gt B 5 5 .

" The solution was filtered and evaporated to dryness

crystallised from ethet-ethanol"as white plates (32'|ﬁq) .
y: g 8

Cataly: Ac hydrogenatxon of the mixture of sterol acetates

The same method was used as desc:ibed above except

that cyclohexane replacea ethyl acetace as the solvent.

An attempt to separate the IEcture of unsaturated sterols |_31

sdbllmatlon R

_ The mixture of,sterols (ca. 20 Tng) was'shblimed"
under reduced pressure (5 mm Hg) for 48 h in a tube heated ,
chrcugh a ta\perature gradlent- the maximum cemperature in

g . . . .
. the tube’ was 120°, -&

Three ~quite well separated white crystallme bands -
formed in the tube but each was -shown, by. glc, to contain each
of the thx‘qe sterol cmponents in apptoxxmutely the same 7

‘ relative ccymposition as the original mlxture. .

.- Sterol 1 (A- ergostenol) (EId) .

- . ' - The \stero]. was sepaxated from (:he mixture by

i pi:epa.rat‘ive glc»and crystallised. fx'om ether-ethanol as white

'plates'.v It,was apparent' from analytical.glc and the mass

= i
ﬂ‘ot wmpletely free fr(m terol 2.

sper;trum that the stero} wa




"+ ' . Structure of ion (39) -

. ' .Table 10. Mass spectrum of sterol 1«

Mass ‘number
‘(abundance relative to ions
above m/e. 200) )

M

M-CHa )
N M-H0 N o
. Te<(CH +H,0)
v Me(HO + 67)
M- (10 4 93) '
. M—_‘(ItIZO + 108) ki
M- (side ‘chain) -
¢y ‘M',-(Hﬂzéx'-* 121). 4
L - (side 'cﬁ‘ain + Hy0)
M-(side chain,+ 27)
M- (side chain + 42)
g - M—?sic;e chain + 27 + HO)

. . M-(side chain + 42 + H,0)

400 »(190)!9
(39)

- 382" (55) ° ”
367 (52)

315 (70); 3

289, (54) .
A
274 .(18) . J

‘273 (4

261 (20) -
255 (80) .

S24 (12)

231 (5:!)__

5 7 229 (33

213 (72)

* . The spec(:rum was very simzlar to that teported for campesterol

> L2

The :etent).on times of stero]) 1 and of campesterol,

L : % relatlve to cholesterol, are -given in Table 8.




Foa Table 11. Relative retention times of sterol 1 and of

. campesterol on four liquid phases - ;
P« ] B S & s
- Sterol OV 17 | ov 25 | Qv 101 |.SE 30°

e .../ cholesterol | 1.00 | 1.00, |, 1.00' | 1.00 .

o sterol I 1.27 | 1029 | 1.28 | 1137
& L]

Te e campesterol | 1.28 | 1.27 | 1.29 1.35

gt

" Thin layer beha\hour of .8~ sltbsterol, stxg asterol, B- sltosteryl %

- acetate and stlgmasterxl acetate - s ) . S .
. Stigmasterol, B-sitostercl, stigmasteryl acetate’and .

8-sitosteryl ééei;ate were chromatographed on silver nitrate
impregnated silica gel thin layers us1nq ‘the system prev:musly
N ﬂescrlbed for the separatmn bf the sl:anols fz‘om the unsaturated L

S 5 sterols. . The sterols were detected by charnng after spraying

with-50% sulphunc ‘acka; F o a e /
. | w:‘rkﬁ values:" B-sitosterol. " 0.293
3 stigmasterol - - T0.291 ¢ .
p-sitosteryl acetate 0.928 - ¥ Frae
,s(;igl'naste‘iyl"'ac’etate . 0.920.




< s

Sterol 2 (Poriférasterol) (IIIc)
Purification: o . ) i
(1) ir‘itially the sterol was separated by preparative

glec on OV 101, the collected sterol being crystalllsed from

T
A

ether—ethanol.

5 . . F X % s
(ii) Later-worﬁ used’ the thin. layer system preyiauslyv

déscribed. . : -
The rear third of the unsaturated sterol band, after

v1suahsat10n, was scraped off ‘the plate separately, extracted

. from the sllica gel by ether, and analysed by glc to determlne

the purity of sterol 2 1n ‘the sample.
The sample was re- chromatographed using the same
4th1n layer system, ‘and agaxn the rear third of the band was
separated and analysed by glc. ,.Tlus prcc@dure was repeated
until t{fe sample was vutually hom geneous when the sterol Jwas
crystallised twice from etHer- ethanol. R :

Melting point: The. melting point of sterol -3 and’ of

two de1;1vat1ves is given in Table 124

: . AR -




k3 = . ~o L
b S . a & [ LB A 2 S .
—_ N y S T Tk % :
st " " . 5.‘. .
‘: . ' |V \ . i y % N
: Melting point of sterol 2 and some derivatives tbgether with.literature values - .
- e . B f.sciﬂas‘térol and poriferasterol (64) .1, ' : “
b W Ly S : b W & , Ay A
= il ; || “sterol 2 éx ‘| 'Sterol 2 ex ' . ¥ o SR
Sterol of den\zdt:we P. flavicomum ‘| P. polycephalum'| Poriferasterol | Stigmasterol
T I Nime? o U T2se-258° |- . . 156° 170°" .
- e BB—acetoxy sterol -|: 147°° 146.5-147° °146.5-147° | -.144-144.6° < 2%
.7 tetranydre- 3B—acecoxy 139-140° 139-140° © 0 140-141° |- 130-131° :
. sterol . o o. < o % . .
a3 5 f % 1
> iy = : = <
‘ ; %o o s
x = 3 2 > b . i 5 : p
T ~— W & = » .
- e & . a v o2 =+ :
s L & . B : 5 i,
s 2 2 a -
' & B N s = 0 ‘ \ ¥ =
. 2 P g ‘ & L.
g it L . & , . % ‘ ]
: i . B % i X . N IR
N . ‘ : . \ < P .
" . > - e % . £ G il . ’
¢ - . Ay g v 5 L LT
3 . Loy
SO i ° ¥ v s 3 b B
o ; ' . LB



LIS RO P B »
: S - 72 - R
g ’ ' . z iy e I
e T Ma$s’ spectrum: . Table 13 ’ GO .

“Fable 13. The mass spectra'of sterol 2 and its -acetate (from .

. B n 'P. flavicomm) . * | e A ¢ Lo oL
Nature of ion (39) . sterol 2' | 3g-acet: ‘sterol 2'°
’ , . R=m | . (®=-CHCe)
4' N e - > 5 e . »: * 5 : »
M . L a12(62) [ .0 . £ .
) L M-CHy , ! ‘397(13) - - i % g
sy © . M-ROH T <] 394027) T, 394(100)
R M- (CH ++ ROH) . 379(10) " 37919 AT
R E B T 36903 < [ - - S . S— .
3 - M-(43 #ROH) 7, - 351(35) 18 - N
+ . ae - * % ¥ N
5w M-98 ' o, W87 314(13). |7 - # g
s - . g EE g e B
oot 300(50) W B ome *
L M-side chain . 273(28) | @ =
. M-(side'chain + 2m) [ Z7Iess)l =T Lol
© .. 'M-(side chain # ROH) i 255(100‘? : "2 ] S .
. N . -
H(side chain + ROH, + 2H). 25317) | B
- (side chain + 42) 231a8) | o S
B M-(sxde chain+ 27 + RO) | Z2sasy Y| 0 . . - Lo
; | o= e e S 228015 . . ¢
; fe chain’t 42 + RO)- 'f 213(24) .| 2'1/3&17) T




wggs,

3 i . Infrared spectrum‘ absorptlon maxima in CCld were "

'ﬁt 3580, 3430, 2920, 2855; 1665 1600 (C—C) _460,7 1380;.1120,

" 10205 970 (822 trans ¢=) 5 960 emt.

spectrum of Stlgmasternl. Akt b

oy F nmr spectrum of stercl. 2 “Erom p. kulxcaghalum and ®f stig- ¢ .

‘masterol arg ngen in F:Lgs 11 and 12,( spectra recorded in
€DC1, with tetramethylsilane as\_ﬂter‘nal reference).

F:Lg. 11. 100 MHz nuclear naghetic rescnance spectrum of
.~ stferol 2 from B, Eolzceghalum\'

o o Nuclear vmagnetlc resonange spectrum Part of the

%

: - , . ®
# ", \ - .
= X 5 i ! .
iy .
N » . ", - ",. k
. - - ; ) . g
¢ ios ¢ 88
- + Fig. 12. - 100 MHz 'nchear magnetic r
B —9—; - : e AT

o v+ masterol




-74 - 0

- = The spectrum of sterol 2 was - very simna‘r to that of

st:.wnastezol but differed in showlng a single max1mum at

33 0 Hz as oppo#eﬂ. to a doublet abso:ptiop in the spectrum
v of st).gmasterol- (4. . > d \

¢ cas 11qu1d chrcmatography. Table 14. Rblative

2 tentlon times of sterol 2 exl:racted from poth P. flavicomum
! .
and P. Eolxceghal\m\ wére 1dent1.ca1. '

o .

\ - Table 14. ‘Glc relatlve retentxon tlmes of sterol 2 and

stzgmasterol and of their acetates

¥ - - sterol - .| ov 17 | ov 25.°SE 30 | ov 101, I
- \ " . " cholesterol | 1.00.°| 1.00.| 1.00 | 1.00
L sterel 2 T liaad | 139 1.4 R . :
‘stigmasterol | 1.46. | 1.39 | 1.45 |- 1.43
bt : sterol 2 |- N -
Cadi & acetate g 1.82 |,1.90
: 3 stlgmasteryl N * P
‘5 : acetate .4, -, | 1.80 | 1.88
' " ¥ R .

.. "~ 'sterol 3 (22-dihydroporiferastérol) (ITe);

The sterol, extractéd from P. ‘flavicomim oniy, was

separated itom ‘the mlxture by qlc on, OV 101 and crystalllsed

— C.oe . farom ether—ethanpl as wmr.e needles. @

s ‘Meitidg polnt: 139.5-140°, acetate 142 1%, Li:

- 22—dahydropor1ferasterol 140 , 22— dlhydroporlferasteryl
e

v KN acetate 140 141° (64) % * g ooy e




i \ 3 _ .
5 = >
4 = N & @ .
= B Mass spectrum: Table 15: ** .
T 3 o

~ fable "15." Mass spectrum of sterol 3 and of its acetate ... | .
fppie do. HaZe SUecEIum of plbersl O SIR.OF LIS ofmrRte :

J et of den @9 BreroL s .?‘faac(;t:xgﬂgggfﬂ 3
RV B , . < 414200y | B A
T wens o 906 | b - s
* MmO 396 (32) © 396(100) T
WeCiy + RO R L2 C I I TR YE ) )
. M-(ROH + 67) S l"329(53) = )
E M- (ROH + 93) . | 303(65) Yo i . )
. & w W L ow c- ™ L © T 288(25) .
2 Cb-(RoH + 121)° . o [27sae . 27529) )
. M-slde chain 27360) 2| L - )
M-(s:.de chain + ROH) | 255(6-8) n
‘\. L e 2s3ey i 3
LI FE -“241(25.) - : N
e , RS IEEEIEEIE ol praa w4, 7 TR e
“u-(side cHain 420 C | 23160 | . - L -
\  M-(side chain + 27 +'RO) |, 229(33) wEe T : o
R A DR I
Ll e T asae | s T
K M-(ide chain ¥42 + ROH) | 213(80) V 213(19) . Iy
. et — — < - — '» : . e i
; ] s, .
: N LB L
K : T}\e sgectra were almost :.dentlcal w1th those recorded L%
fox‘ s«;xtosterol and :Lts acetate. - . # e i b= e & s i
a0 v P \ i




" . Gas liquid chromatography:

Table 16. -
. < . .
- Tablé 16. ) Relative retention times of sterol 3; B-sitosterol
- a . L wand of their respective acetates ~ .
/ % N ov.;101 | ov 25. | SE.30 | ov'10l r
4 N ; T = T
o sterol 3 Lo | 1.54 | 173|169
g-sitosterol 1.64 1 '1.53 | '1.70 [¥ 1.69
sterol 3 acetate = f 1,08 | 2027<| 2.03
” B-sitosteryl '
acetate - 1.96 2.29 2.04
® - .

"

Infrared spectrum:.

" - in CC1, solution at 3600; 2925, 2850; 1665, 1600; 1465, 1378; '
e : o el ) o

~

1125, 1025;-955 em . .

spectrum sz 8- sxtosterol.

' Sterol 3 acetate gave maxlma 1n cc.

sitosteryl acetate. .

nzoﬂ 1020, 955,905 em

absorption gaxima were regfrded

1725 (c=0, acetatef) 1660, 1505 1465, 1378,

i Stlgmas;:erol (recrystall’:ﬂ. sed‘

in a warm mlxture of methyl acetate (10

190 mg) was cusso'l ed

cm ) and methanol

The spectrum was dimost superimposable onothe ir -

e . LS P
t 2940, 2860: /)

il

The spectrum was almost }dentical with ‘that of 5—‘

P
1250-1200;,

(/1'0 cm3) and then caoled in an ice bath when small. ~wh1te, .




«7% 7 by a.Welsbach ozomser, was. bubbied slowly ¢hroigh the cold;

. stirred suspenswn, gtadngny dzssolved s s RN

““The state of complecmn cﬁ ‘the reaction was de;ymned

- b ' 'by extrautlng ahquots at-'dxfferent tlme intervals” and

detemmlnq the composlt:.on by tlc on mcrcscope slides us;ng

S‘lll\ﬂa gel' G and 10%!acetone m petroleun ether as the' R

B develcplng é’olvent. \In this "system;, stlgmasteml had an Rf of

+0.60a d"the product 0 16. This method was rather more -' L

\
sensx.t:we (:han the quu\:ker method of detemlnlng th‘e‘abllxty

of the solutidn to decolourise a 18 solution of bromihe in

carbon tetrachloride. Following completion Of qzonolysis’the. .

. .
excess ozone. was blown o’Ef in 2 stream of nitrogen: the

Lo solutmn remalmng was worked up reductwely nuth no attempt il

belng made to, lsemce the ozonide.’ . v .

] Reductxon of ozon1de ‘ - i owod 2

J “ i
<58 palladlum on charcoal‘\zp mq) was added tp the 2 U

solutxon of: ‘the’ ozonzde, and the mlxture was stn:red
S5 : . iy
ydrogen at room fure. and- ospheric

“after. which no more’ hydrdgen was tdken up. - The catalyst yas_

flltered off"and Ether (50 cn\ T védded followed by delonlsed )

water (100 én?). After shaklng and separatmn of ‘the two




¢ w
i 8 ¢ i, = & . T )
Preparation of 2-ethyl-3-methylbutanal-2,4 .
dlnltroghenzlhzdrazgﬂe R *

B3
Bt ¢ The -dried ether solutus)n from a&)ove‘ was fractxonally

distilles, veinga 6" Vlg:aux l:olumn, until §'em’ of solution

ramalned. - i : o B g

. i ” A ) ’i&‘ ‘-:‘ v
The -ethereal solution was, distilledlin a Kénted ‘micro

apparatus until there was no more. distillate at 50%

-when 'the

tempe}ature was incr-eased, 2-ethy)=3

“‘off at about 135 . 2 B s ]
<

The aldehyde was immedlately added to a warm solutmn
of 2, 4 d:.nxtrpphenylhydraz:.ne, prepared accordmg to, 'the method

of” Pxeser (60); and an orange yellow precipltate formed * L

1mmed:.ate1y. F@:\g 15 min ‘the suspens:.on waz 1lte'red to qxve

yellaw crystals af Fhe de: Avatlve whxch were® crystalhsed ffoh\
L - e,
95% ethahol (30 mg) L ®

. ;| -Further purlflcatxon was qffec?e

alu.l\u.pa using benzene as the develppmg solvent. In this -

system the 2,4- dinltrophenylhydrazone mnved thh thé so(vent

- frhnt but a’ small amount ‘of unreaéted 2 d—dlnitrophenylhydrazlne
PR

was removed as a yellow band Rf 0 2. g '.

= - The derwa\:we was eluted fxom the a'lumina by Jbenzen

crystalllsed from 95% ethano, . Yxe’ld 15 mg, m.p. 120 ‘(11;.‘

6. 3 (&:enzene, 1 mg: cm” h

o 3
(61 121 [u]zs

(benzene) ., v ‘f

Rpthyl-butanal digtilling . »

by tlc ori neutral’ + .,



Fy : =79 - .
¢ SN “ s 8 ' v
E Mass spectrum: Tableg 17.

Table 17. Mass spectrum of 2-ethyl-3-methylbutanal-2,4-

B < fainitrophenylhydrazone
7 Y

. Mass number % abundanceé Mass number | % abun;:lapce
, :
204 ({4) "65 NQ‘ 152 )
o 5 F 277 3. 149 ° 153,
TinE " ovges 16 138 18
) 259 w || s T
REGRE So2 130 - e
235 .12 122 | 9
. B L 224 T 28 " 103 i e s
Ty w20 ] ‘97 Y A
208 32 g1 a
BRI 19 ] I 15
. ) : ‘184_ : "8 ¥ .59_' 43
L o 183 . s | P 6 .
. 177 v 18 TR 63
. T 167 o a3 530
S e T2 a | e

bzonolysis of .sterol mixture of P. flavicomum and preparation

of -2-ethyl-3-méthylbutanal'~2, 4-dinitrophenylhydrazone

_. The ozonolysis, ion and nt tion

. +of the 3,4-dinitrophenylhydrazone was repeated using the

\ .

- ‘mixture of sterols (38:1 1’ng) extxjacced from P. flavicomum.
(L . . .



. ¥ield 14 ng; m.p. 119-119. 5°‘ [n] = +10.5° (benzene;
2 mg em ). = gy . 8 -

Mass spectrum: ; this was v:.rtually identxcal with

t_hat of the same compound.derived from stigmasterol (loc. cit.).

Iriterpenoid fraction
Thin layer chromatography - - W oy B g ¢ b
- The material eluted £rom t.ha alumina column hy
> was chr phed on silver nitrate impregnated

plates. using the system prekusly described for the sterols.
A l;srqe amount of material (probably hydrocarbons) .
moved with t:he solvent front, dhd-there was,a small amount of
4 starel (RE 0.25). The triterpenoid region (R 0.33- -0, 44)
contained only small quantities of several components and the

whole section was extracted by ether to give the triterpenoid

‘ + component.
: ’ 5 .

Gas ‘liquid chromatography
" The triterpenoid fraction was chromatographed on the
oV 101 cclumrbpreviousiy déscribed, though \1? attempt» at
separation of thg individual components was made.
The retention ti;mes of the compcneni:‘s were compared

_ " with the retention times-determined for 24-d ydrolanosterol,

llm'x,c:st:exxal and cycloartenol and similarly the ccm\'ponents of. the
acetylated mixture were compared with the acetyl%ted L

.triterpenoids.



The retention times of authehtic trlterpenOlds are
gwen J.n Table 18 and gle pro%xles of the trlterpenold mixture
~and its acetylated product from P. flayicomum and P. polycephalum,

are given in Figs. 13a-d. 1 : . ' :

vl % . 4
Table .18. Retentwn tm\es of triterpenoids relative to

cholesterol on OV 101’

e N

Triterpene L Relative retention times
. . 24-dihydrclanosterol ) 1.44° =
: lanosterol’ T L : 1.56 v A v
cycloartenol 1.74 :

24~ dlhydrolanosteryl N ! * k 5
acetate L -1.80 !

lanosteryl acetate - ! 1.97 P

. . cycldartenyl -acetate ? ¥.2.25

s *
‘ '

Fig. 13. Glc profiles of the triterpenoid fractions and their

i g acetylated products (peaks labelled by relative
v "

zetention times)

Fig. 13a: P. flavicomum - Fig. 13b.. P. polycephalum i
7 A

~ triterpenoids . triterpenoids %




] = “ =
" B . - 82 - L
G N
- 4
Fig..13c. P.' flavicomum

Fig.'13d: P. polycephalum

triterpenoid acetates *

triterpenoid acetates
- X T

3
3
3

o
3
83
3

Mass spectrum: the mass spectra. of the, tgiterpenpids_fiqm‘}n/e

420-450 are shown in Figs. 14a and 14b, and for the acetates'

from m/e 390 to 480 in Figs. l4c and 14d.

" Fig. 14. Mass sgegtruﬂ of triterpenoid extracts and their /

acetylated products
Fig. 14b. P. polycephalum

P. “£lavicomm
= triteggehoiés

* Fig. ’143 -
3 triterpenoids .
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" ' . . &
} Fig. I4c. - P. flavicomum triterpenoid acetates-

%.' ' Fig. 14d. P: polycephalum triterpenoid acetates ... - Lt

.+ Preparation of methinnine

" ' The methdd was almost meneicn with that used by. = "

\
du Vignedud et al. (62). A 1,,dm -three-necked flask was fitted

© . with a"dryﬁi reflux | and an inlet for
.+.  ammonia, gas,. the thi;d cnitlet being .stopéere'd; the flask was

v " L4

laced in a dry ice-= ncetune bath. » o

A ;’ " Dried gasecus amonxa was passed th:ough until

60 cm® of 1iquid ammonia had condensed, when i:he umonia inlet

was dist:onnected ‘and the flask stoppered removed from the
2 cooling hath ath fitted vith a magnetic stirrer. - “
a 3




i . pr-Homocystine (1 g; ‘Signa) yas aispolvéd {n ihe dmmonia
and sﬁ\all freshly cut pieces of sodium were added, one at a o
txfme, unt11 the sclutlon retained 2 permai ent blue colouration
mdxcating a shght excess of sodium. M thyl.- 1odlde 1.3 9

. was added and after 5 mxnr the Stlrtlng was d1scontinued. ’l'he

: condenser was removed and the Elask left unstoppered avernlght

o llov_l the NHy to evaporate'spontaneously. '_ By
, | - che white" residue wis dissolved in water (20 cm?) and
. : the solutxon was acidified to Congo red using 30% HBr ahd then
4 fx_,ltered. To the filtrate was added pyridlne (2 cm ) and

béni{\g-ethanol (3 vols). and ‘the.solution was cooled in an ice

s e - bath. The whn:e prec1pate was filtered off and washed w:.th

«%thanol (3 vols)—water (1-vol) . ’ & .
The solid wvas dissolved in hot water (12 cm®) and ot

acetone (10 cm’) was added. The vifite precipitate was washed

Jwith acetone and dried. T .

i

Yield 380 mg; m.p. - 240 245 decomposed. i

Mass spectr\gl detalls are given in Table% -/The

& spectrum was very s milar to that reported by Biemann and z

McCloskey (63) .




Mass number-

% abunda\'m’:e

Table 19. Mass sEectrM of methionine

i

* Mass number

% abundance

149 (M)

101

88 :
87

31

83
75
74
sy
’ 57
55

c a7

41

47
49
o ¥
100

22

34 =

19

18

. Preparatioi of [Me-?H,] methionine

Th:.s Was"prepared by the method descnbed above for § .

unlabelled methxonxne w)\th the subsututlon of 2l-l -methyl iodide

(1 5 g; Merck, Sharp and Dohme) for methyl iodide. -

Yleld 340 mg;- m.p. 245~ 260° decorniposed.

Mass spectrum:

details are given in Tabld 20.




Table 20.

Mass 'spectmm of [l‘de-z,ﬂ_.;] methionine
‘Mass number % abundance Mass number | % abundance |
aoas2 | T vae 83 55
134 " 72 718 35
€ 13,'3“ 35 75 21
S - N 21 : 74 43
ne > 35 @ Tlea ¥
T 077 25 Va9 ‘29
“101 25 56 00 -
T o0 16 - 55 55l
“s8 ., 18 T4 18
* 4 25 :

Crude sterol fraction from Myxomycetes cultured in the presence

of [He- Hy] methionine

Vs

The non-sapom.iiable lipid was exf_racted by the usual .

method 'but no ‘attempt was made to separate the mixture further.

Mass spectra:

'l'he spectra for the sm\l xgxtures

from P. flavicomum and P‘. polycephalum are recorded in the |

_range m/e 400-430 (Figs. 15a apd 15b) and. for the acetylated

%

mixtures in the range m/e 400-480 (Figs. 15c and 15d) .
. ¢ il
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Fig. .15% 'High mass-end mass sgectrum of deuterated sterols
flavxcomum . B

s from P.

P : .
: s g a
Fig. 15b. High mass-end mass sgectzum of deuterated ste:ols

from P. Eolxceghalum ' ., &

_i..

) Fig. ].Sc. ngh mass-end mass sgectrum nt acetxlated deuterate
” T

sterols from P. “flavicomum .
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Fig. 15d. liigh mass-end mass spectrum of acetylated deuterated
sterols from P. polycephalul

Changes ‘in the relative concentration of var;ous cell components A
in synchronous cultures of P. polycephalum A ¥, . J
= . In euly experiments d1fferent cultures, at z:mm
\ 'times after prophase, were scraped Erm'n thé filter paper on
»vhich they were cultivated and freeze dried.' The freeze dried
natenal (0. 20 g) was ref).uxed with dzy ethg; 50 cm ) for 2 h,
and the .ether solution uas evaporated I'.o dryness. The mass .
spectrum of the residue was _recoxrded at 250°.

In later wo'-rk a small amount of ‘the growing Myxomycete"

-~ T was removed f:um the edge of the plasmodium at-a kr;own gimeafgar

| ’ und was { ed to the dippéx of the direcé iqlsﬁv’

'syster of the mass spectrometer. After drying in an 'ovegx at

110° for 24 h, the mass specé{m was recorded at 250°.
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The relative concentration of each sterol',component
was prtessed as a percentage, being thé ‘height of the molecular
ion tompared with the sum éf €I;e five sterol molecular ions

-(m/e 400, 402, 412, 414, 416): no significant chande was ’

id the idn of the sterols between MIT and
wrzzl L I B3 S e _wf
i The peak heights of some other-ions in the high mass=

end, of I:hé spectrum were expressed in Ehﬁ .snlne way (Figs. 6a-b).

o % ;-
} ) * V".
s % &
: ol e - >
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‘this simple form of differentiation (1;2). ‘More recent work

- but elemental analysia by Dxesden (9) and Bxewer (10) has

- 95 = _ -

s 4 2 o
R R INTRODUCTION
It is known that, under appropriate ervironmental
condnnons, the plasmodxum of the nyomycete P. polycephalum e

undergoes sporulation. It has been suqqested that light in

the 350-500 nm region is a requizement for this process and,

~ as-at the same time the plu,smodial' pigments disappear, the

pigments have been impliéaéed gs_possible phétocata‘ly"si-:srrfjor

by LeStourgeon has cast ‘some doubt on the role of the plasmodial
pigments (3). 'He has shown that blue light in the region 410-
490 nm does not induce cultures of P. fldvicomm to sporulate
whereas red light (620-720 nm) was twerity-five times as
effective as white or yellow light. =

The function of the pigments is thus not clear

‘though it is possible that the polyene nature.of at least .

some of thkem is important in limiting lethal pht_)to-cxidation.

.a function which has been attributed to the cardtenoids of

photosy ic ia (4,5,6). N

Few researchers have attempted to separate and

detgrmine the structure of ‘these pigments. Siefritz and’
tzmann (7) suggested that the pigment might be ‘a £lavone or
a "lyo_chrome but gave no convxncing evidence to’ support thia

hypothesié. On the’ basxs of ultraviolet and J.nfrared spectral

%
evxdence, WDIE (8) concluded that the pigments were pterxdines, ~



:shown that the hitrogen-content is. too loi for this to be the -

case. © . - o . ’ e
Dresden (9) and Ruraishi~et al.. () -attempted to

purify the yello‘w piq(jnts but none was ohtai}led in a

,crystal'line form even ‘after chromatdgxabhy on a series of

adsorbents. = . ] & . 5 . .
Thip ea;ly work‘ was limited by the 1ow‘ cax_xcentga’tion

" of »éigments il:l the plasmodium combined wi‘th the diEfit’:uIty‘ of

Ccultivating the organism on a sufficiently -large‘scale:

) Bre‘v‘iér ,_ec'al. (12) reportédla method for large scale
culturé of P. polycephalum in a partially defined ligquid *
medium, ehu;ma'king availably larger quantities-of pigrent. g -

Brewer (10) isolated three pigments, A, B, and C,
each ch ised by its absorption n (Table 1).: p

Table 1. Absorption maxima of pigmesfs isolated from - :

-+ p. polycéphalum {10) (nm) Loy T

% * biguent ’ ) Basic1 Neutrall A'c:idi.cl ‘5
£ T = O <
o g o 356 (1100) 356 (1100) 356 (1100).
' 355 (780) 384 (l010) 390 (119'0)
' c 385 (860) 403 (1230) - *418 (1320)
€V = ERy ’
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Brewer. concluded that pigment A was a vater ‘soluble
hydrochloride containing an amide group, a fﬁrthe;’ﬁasic .
nitrogen atom and a conjugated hexaene chromophote. Pigment B
was identified as a conjugated heptaene ‘containing a carboxyl ’
qxoup .and .pigment C was similar to pigment B, .the specém
shmunq a large bathochrcnuc shxft on protonation, but with
its” absorptioén maxina shxfted abont 25 nm to longer. waveleﬂgth.
“Esterification of pigment c gave ‘a compound with ax\ ultra-
violet spectrum similar to pigment A, Daniel (13) later
squested that the pxgments showing the laxge bathochromic
shxfts on protonation are Sch:.ff .bases., <

©.7 7 watson (14) attempted to obtain better’ purification

of the pigments. Usinq thin layer uxrm the pi t

b

streaked badly in the systems used but pxgment A was separated

into three separate bands on a column of silicic acxd, the

most having an ption i at 356 nm

*characteristic of a conjugated hexaene. Infra-red analysis

of this pigment sugges'ted the presence of -NH, olefinic CH

% and" a carboxyl group. The. highest mass ion in the mass

spectrum. was at 314 (315 at lover electron voltage) but this
was probably not thg moleculdr ion. Ox‘ida_tion‘ of. the pigment
by a mix;:ure of pemang?natg»and periodn‘te appeared to give 'a "
"mixture of okalic ‘and dimethyl malonic acids. .

.,‘. More recent work (20) has ccnfimad that ‘pigments

showing.a bathachrmnic and hyperchromic * shift on protcnation

can be isolated. from both»P. polycephalum and P. flavicomum.
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Such pigments have been better purified than previously by the.n
use of” qel filtration but to dat? tha .pure quanntles available
have been insufficient for elemental ahalysis. &

Evidence for the structure cf these pigments is
lmuted( however the spectral shxft on protonation and the ready
1reductitm ssodium borohyd'r“ide to, give a polyerré' derivative
(20) » to ethér with the reported nitroqen content (ca. 43)
(9,10) fdoes 1nd1cate that Danzel's suggestwn of polyene derived

Schiff bases is quite plausible. o

Pigments f;om other Myxomycete specles have received . .

éven less attentlon.‘ Rakoczy (15) 'sugqested that the pigments
oé P. nudum are the same as those of P. Eolzceghalum fullowxng
study of the ac‘tgon spectrum of sporulatlon. Nair and Zabka

" (16) showed the presence of .three'pigments in ShySarella -

oblo;lga,‘ three in P‘. gyrosum, four in‘P. golxceg‘hal\;m,‘and
six in Didymium iridis. Théyl concl\ided‘ that one pigmené from

P, gyrosum is a flavone and suggeéted tl:lat one pigment in.

D. iridis and one ?n P:—-golzceghélum are ph.enolic 1n.structure.

' ’ Leith (17) used electrophoresi"s ‘to separate four '
pigments-from the red-krown plasmod:.um of D nigripes.

v . Sobels (18) showed tha(: the absorption spectrum of an

@c’ohnuc extract of the plasmodium of, Badhamia' utricularis had
two peaks at 335 and 375- 380 nm xn addition to -three minor peaks
at 247, 265, and 275 nm, She suggested that the quments were _

flavone in natyre, though without .other .supporting evidence.
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3 7 ““The pigments of Badhamia utricularis were readily

extracted by suspending the plasmodium in cold methanol. The -

initial yellDw extract had absorption maxima at 253 and 370 nm

together w:.th a very definite shoulder at 335 mm and the .

spectrum “thus- closely resembled that teported by Sobels (18). “\

When sod;um methoxide was added to the solution the absorption \

maximum at 370 nm shifted to 356 nm, a result which is

oppt;site to tiﬁt observed for flav;noid cémpounds.
After filtration and removal of the solvent, the.

E . pig‘ments vere separ._ated bg;( gel filvtr;tion on 'Se;?hgdex LH;ZO.
Four coloured bands were .elu;:ed from ;:he column by methanol,
each of which was purified by further chromatography on

}j - Sephadex or, where possible, by thin l;yer chtomatograph‘y on a

‘. silca gel (Table 2). Thé band first eluted from ‘Sephadex

7 - ..'(shmged séecual properties simil‘ar to the. pigments, tenta=
g o, tively identified as schiff bases, zeported in P. polycephalum.
As work had already commenced in this labox‘atory on the
determination of the structure of a similar pighent in P.
.f‘iravicomum as well as one in .P. lycephalum, it v:ias decided

N : to’ concentrate on this pigment in order to compare some of its

. Apropérties with the apparently related .Physarum/pigmehts, and*

B . thus only very preliminary dateis repm;t.sd_.fer the oil:her

three gigmenta s A ¢ .
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Table 2. -Absorption Spectra of the pigmenfs of B. utricularis
in order of elution from Sephadex by methanol
S - '
I Absorpéion maxima (nm) in methanol
Pigment 4 .
g Acidic s g Basic
¥ 1 267 420 238 375 . T
2 | - (327) 343 359 338 - 358 (broad)
3 /. (326)7343 (361)' | 328 -.340 (broad)
4 266 (344)° 359 (379) | * 266 (340) 378

() defotes “shoulder
Pigment 2 ’ P

The pigment had a whlte fluorescence and was very

pale yellow in solution. :Its absorption spectrpm J.nAmethanol 5
‘and in acidic methanol vas similar to that of’ a conjugated
aliphatic pentaene (19), though the fine structure was not so
pronounced.. On addition'pf base to the solution, the gurye;:
flattened and- had a broad and ill-defined absorption maximumA
wig. . - C 4
Pigment 3 . . .
o Thxs pigment had a vstronger yellow colour’ than ;
pxgment 2 and ‘showed an orange £lucrescence, though its
absorption spectrum in neutral br acidic methanol was also.

that of pentacne. .The absorption. maimum ua! again broadened |

by base treatment (Fig.,2) .
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The compound was silylated to give a single less
polar compound showing the pre;ence of oné‘hydpoxyi group‘. a

da solution was evaporated.to glive a red-brown solid wh‘ich had a
mass spectrum shpy:iflg ions at m/e 352, 314, arng 272 on the
highest mass.ions. It is not known. whether thege corr‘espond

to the molecular ion and teristic pration ions.

~Pigment 4 .

Pigment 4 was orange in colour and had a red/orange

‘£luor . ,Chroma y on-silica gel thin layers.or a
‘repeat of the chromatogriphy on Sephadex at a slower flow
rate separated it into four components -all with the same .

2 absorption spectrum, a broad band at about 380 nm in basic
and neutral methanol changing, on acidification, to a polyene
type of spectrum .similar to that of a conjugated .hexaene (19),

though without thé distinct fine. structure (Fig..3).

° Pigment 1 k ' 5

~ The absorption spectri (Fig. 4) was similar to that _
N i . .
%’ of pigments detected in P. polycephalum (10) and P. £l omun Fi

{20) in showing an absorption maximum in the near ultraviolét

/ . (385 nm) which, on acidification, shiffed to the visible

region (420, nm) and/incteased in intensity (Table 3). Another
i absorption maximumfof approximately caual intensity at 243 mm
Iélso showed a red shift to 267 nm'on acidification. . This

latter band ranqihed in the spéctrum after .thin 1éye; .y a

a

[
chromatography of %e pigment though its relative intgnb“it_y to
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40 . the 375 nm maximum increésed; however, as,si

a gel was shown

to degrade  the plqment, 1t is not known whether this ult:a-

violet maximum is due to an 1mpur1ty or to a. separate, pOSSlle

aromatic, chromaphore‘:m the pigment: . ~N

v .
Table 3.. Abscrption spectra \of related pigments derived. from

three species of Myxomycetes.

T i |, Absorption spectra in methanol (nm)
. Pigment -

o * Basic - ‘Neutral Acidic
ex B. utricularis ‘| 238, 375 (100) | 245 385| 267, 420 (118)
ex P. polycephalum 355 (100) | .384 © -390 (139) '
: - (10) 385 (100) 403 ° 418 (154)
'ex P. polycephalum* 391 (100) 395 . 420 (130)
- ) (20) *
# ex P. flavicomum, ‘| 250, 372" (100) 380 286, 412 (121)
P ¢ 1)) : ’ :
'

i <
( -) relative extinction coeffitients

T 2 B 2 o i 4
The absorption spectrum of the pigment (Fig. 4) was dependent’ »
“Yon the solvent, thus in’ 10% methanol in- water a broad absorption
band at 378 nm shlfted to 432 nm on pmtonatlon with only.a ‘5%
¢ 3 :mcrease_:m extinction. Khalil (20) has shown a similar change

with.the PZ flavicomum pi;g'ment. ~
‘f It was initially thought tl'}at this pigment could be more

easily purified tk‘ar} the Physarum éigments,'a& it is readily

chromatographed on silica gel thin 1ayer‘s or columns, whereas

the related Physarum pigments are rather more polar and cannot’
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be separated in this waf. It was soon apparent, however, that
chromatography on sflica gel caused sol;:e degradaéioil of the
pigment  several yellow bands being formed no matter how man‘y

times each "pure" was . Simi 1azly,

when a solution of the pigment in methancl was allowed to stand
over ‘511195 gel, the,absorptmn spectrum of,'the solution was
changed. - The plgmer;: ‘was thus purified only by ge]; filtration
‘on Sephadex. - ¥ N e
Daniel (13) has suggested that the spparently rélated
piéhent from B..pqlycéphalum is a Schiff -‘basekalnd certainly the
‘rather large batho;:hromic shift and the rélated‘hyperchioniig
effect on protonation, Similar to shifts observed ‘l;ith\ authentic,
polyene Schiff bases (21,22), tend to support this view. It was
therefore decided to.p:epérg some Schiff bases of available, or
readily synthesised, polyene ah;ehydes with the intention of
relating the al;sorpf_;ién spectra, and the changes on pro?:onation, b
to the of the Myxomy i e
% " -
Electronic absorption spectra of polyene Schiff bases

Variois Schiff baseés derived from 2,4-hexadienal .

" L3
(sorbaldehyde) , 2,4,6-octatrienal, or retinal (Vitamin A
aldehyde) together with simpie amines and amino acids, were
prepared in’diluta solution and the \'xl.t;aviolet or visible ~ -

spectra determined both before and after protonation. The -

‘normal bathochromic shift on, protonation of the bases derived

from hexadienal was 40-50 .nm, from octatrienal 57-62 nm,” and

from retinal 80-90 nm.

- & oz

~
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From the position of its ab‘sox.;ptiun maximum it is
possible that the B. utricularis pigment‘l is derived from a
hexaenal and thus, on the basis of the results ‘from the known _.
Schiff baées, might be expected to show a batl:lochr‘:omic:shift

of 90-100 nm. The recorded value of 45 .nm indicates that it »

" is unlikely that the pigment is a simple polyene Schiff base.,

. The red shift'of Schiff bases on protonation is Aue
to the convgrsion of the ni_trogen atom-to the /quate’rnary state’
(23), and as the positive‘cﬁafge can be formally localised a:t 5
different positions on the polyene chain, several resonance

formgfican be written fé‘*z any protonated polyene Schiff base as

_compared with one main form for the non-protonated compou‘nd.

Such charge resonance spectzp ate found in various dyes and

natural products (24). = - .

R TR I AT
/\c/,\v = /°\/+\/ T e
l

.H H [ , H H.‘

.- . 4
As the :ed\iced red shift shown by the Badhamia

pigment might be" accounted for by a cgqnqe in the ease of the

‘m »_w* transition in either the protoﬁhted or non-protcnated

form, it was thought possible- tHat:in Schiff bases’ formed

between retinal and aspaxtlc acid, homoserine and 3-amino-

butanoic acid (I, II, III), 1n whxch the nitrogen Jlone pair T
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could be involved ‘in hydrogen bOl’ldlng, the interaction of the
lone pair'wih' the chx:omophore mlghf_ be changed and abnomal
shifts on protonation might result. Of the products formed,

only retinylidene~3-ami ic acid was

in any
respect in shcwxng a bathochromic shift from 374 nm to 440 nm.
This shift of 66 nm compares with the more usual value” of
approximately eo» nm and it is possible that similar hydrogen
bondiing effects might réduce the shlft even further. I
An alternative explanat:\on for the relatlvely small

red shift of the p:.qment on protonation might lie in the *
'various steric and electronic effects related to the environ-
‘ment ofv a polyene Schiff base chromophore within the’comple;.te
-pigment n\“olecu‘fél. .sich an effect is observed in the imi_ne
formed between retlnal and phosphatuly thanolamine (PE) in |
the vlsual pigment rhcdopsln vhich abscrbs at the remarkably
high wavelength, of about. 500 nm. Part of this red Shlft from
‘the normal absorption maximum of retinylidene Schiff bases.at
about 365 nm appears to be due to Lnternal protonatxon "of the

: mtrogen atom from the phosphoric:acid group of PE (25),.
wmlst part mqht be explained by the tw:.stinq of the . ,
ietinaldehyde mole‘cnle about the 11, 12- double bond and thus
“the actual envi of the ¢hr | (26,27). The absoxrp-

4

tion ‘maxima repcrted for ret;1na based sual pigments from
different, species vary between 'l‘s/z and 543 nm (28), reflectinq
a ce:tain degree of diffe: =nvi of the retinal

mo:.ety. Dartnell and Lythgoe (28) have suggested that trans;tory

G . % B
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dipoles on ‘the pr'osthetic group (refinal) co‘uld be .stabilized
i );y electrostatic in‘tex‘ﬂction with charged._groups on the
.’ protein and that. these dipoles may be located in at ‘least

;:wenty different positions ‘on the chromophore; however,

Rosenberg and Krigas (29) have suggested that field or
inductive effects due to substituents near the ‘chromophore can
affect the positlve charge on the nitrogen atom and change the
.+ .-absorption maximum, _' )

Similar bathochromic shifts to those’observed on
protonafion have be{e’x? recordsg when retinylidene,—n-butylaq\ine
was adsorbed onto silica gel (with available protons at t}‘xe

.-surface) or when a solution in meth.;nol was cooled to -;le° (30) .
~ It was suggested that as bLth adsorption and copling are )
‘\ co’nduci;:e to the formation of molecular qggiegates this might .

explain the red shifts.

The absorption maxima of qifferent .pyridoxal phosphate
(PLP) cuntaxnxng enzymes, 111 whxch the PLP ls~b0nded to the
e-ammo group of a lyslne resxdue in the ptoteln mciety through
a Schiff base link, also sh.ow quite a variation in absotptlgn
’ma;{ima (from 410 f:o 435 nm); presumably reflecting aifferendes
in the nature of" the bindlng (31) v < i A
It is qm.ta conceivable that related effects could
contribute to the' relatively small red sMift of the Badhamia
pigment on protonatii;n. 23 %
: As no information is available on the spéctra of.
Schiff bases completely in conjugation £rom the' polyene moiety
/ ' . -



* -through the azcmethine link into ‘the arl{ihe derived part of the
molecule, an attempt was therefore made to synthes}ée compounds
of this type by reacting retinal with methyl- s-amxnocrotonate

:However oth of -

and cytosine to form compounds IV and V,

these reactions failéd, due, no doubt, to the red Ged baswlty
; of -the nitrogen atom. Ball et al. (21) have also shown that
"‘simple amides such as formamxd& and urea are unreactive under,
.the same conditions. ) . ’
Retinal was alsé_teacted with gllylamine in the Hope

that the product fonned would, as a result of bond migration,

contain a completely conjugated system (vI) ﬁowever the

ahsorptum pectrum of the the ba ic shift
and 3

(80 nm) .on "prctonatlon were completely normal. ®
As no conclusions could be drawn about the nature of
the pigment by makinq a comparison of the spettrum and spectral

changes with those of various polyene Schiff bases, it was

decided to look at other pxopertxes of the pigment in ozder to |

compare these with sxmple polyene Schiff bases and with the

related p;gments fram . Eolxceghaium and Py flavicomum.

PK, Of Schiff's base conjugﬁ;te’ acids

N The pk, of retinylidene-t-butylamine and of ~-

' - 5. \ - P
octatrienylidenejt-butylamine‘were determined, by a spectro-

scopic method (32), in 90% methanol and were shown to be 8.6

and 7.4, respectively. These’ values are in accordance with the

expected trend, the pié of zaunyhdene—t-butylamlne being
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: retinylidene—t;hutylamine and octatrienyl-t-butylamine being;
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higher due to the inductive effect F the two methyl groups
attached to the polyene chain. )
The pigme: ts £rom the Myxomycetes were all sufficiently
,water soluble to detemine‘_‘che.px‘s. in aqueous solution. Dresden ~
(9) ha‘_s shown the PK, of the P. golx' cephalum pig{nent to be 4.7,
and on this evidence postulated the pfesence of a carboxyl
group, though he was ﬁpai)le to form either a methyl or an-ethyl

escer" In aqueous solution the pigment 1 from B. utricularis

had a pK, of 4.0.

It is unlikely that the PK, determined spectruscoplcally
by Dresden (9) and as reported here relates [to the d:l.ssocmtx.on ’
of a carboxyl group. ‘It 15 clear that the d sog:.ation of the
relevant qroup radically- alters the spectraﬁ prdpexties causing
a larqe hypsochromic shift\in alkaline conditions, whereas the.

dissocxatmn of carboxyl gr ps in conjugation with a pplyene

_ chromophore has little effect on the absorption spectrum.

. ' . The pK Of the group is not, however, close to that

expected for a simple protonated polyene Schiff bése,

. o .

far more basic. Some of this difference could lie in the
nature of the different solvents used, thus Bacarella et-al.
(33) have shown that the pK, of several acids change

significantly in différent concentrations of water-ethanol

mixtures. The pK, of the anilium ion is 4.620.in water, 4.068 ¢

in 80% methanol and 4.613 in 95% methanol.
p 4
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. Altho\lgh this solvent rhfference makes it j.mpossible

to comnaxe dxrectly the dissocxat:mn of the. c

‘Schiff bases and the B. utricularis pigment, the mﬁitude of
the differences reported by Bacarella et al. would not account

for

differences observed between the pigment and the two

" authentic Schiff bases. If then the pigment is a polyene

derived Schiff base, as baniel for the i 7
related pigment in ,P' golxcéghalum (13), the PK, must,be
changed by structural features such as. the presence of an
_el_ec‘tron acceptinq group on t};a polyene chain. In this vein
! Cordes’ and Jencks (34) have shown that the acid dissociation

of d; in a i benzilid.

butylamne seties showed »Séuly quical charrges, basmxty being
incieased by 4-methyl T ‘ﬁa.o-«-at‘hoxn groups and aSieanen) by

nitm and halogeno substf;:ution. R

H.xdxolxsls of pigment 1

’L‘reafment of a solutxcn of pigment 1 at réom
tempéxatur_e in the dark for 10 *hours in both 34H hyd:nchloric
ac_id and 3 M patassium,hydruxli.dh resulted in no cbainje in the
visible spectnu‘n or innthe thin layer p;ope;ties. When a
,solution in 4 M hydrochloric acid was refluxed for 1 hour in |
the dark the solution dabolduriséd, the resulting solution
having an absorption maximum at 26'/ nm together 'with,a' very
'we:k maximum at 36_‘1 nm and it thus appéared probable that more
happened to the molecul;e than the simple hysimlys'is; of an imine'
link. - - ) A




, Reaction with sodium horohyd:ide:

- .. It was confirmed that’, as reported by other authors
(35) , ‘polyene Schiff bases are rapidly reduced by sodium
borohydr;de,\ the site of' act;on, even in the’ presence of a
lagge excess of the reductant. being only the 1nu.ne bond -ﬁ’hus
retinylldene—t-butylamme was rapidly decolouné\i by sodmm
Yaod !?orohydride gj:ving a compound with an abs9rpticn maximum, lwhich
waE undffected by a‘cid'ificér.ion, at 328 nm. The mass spectrum
showed an increase in the moleculér weight from 339, to 341.,
. % A similar rapid reaction ‘{5 ‘observed when the plgmants
of both P. polycephalum and P. £lavicomum are treatgd with

z sodium Borohydride (20).. In'both,these cases the product shows

\\/_a\golyene type of spectrum (Table 4). ~ i

f y

Table 4. Spectral changes on reduction of P. polycephalum and
“ " 'P. £lavicomum "Schiff base" pigments by sodium

o ﬁ' bérohydride in ethanol CE | Y
- . Absoxptlcn maxima Absqrpt:ion maxima
. " [ in basic L in methanol after
A s methanol (nm) B reduction (nm)
P. polycephalum 391 . : 270,/233, é'bl, 317, 331
. flavicomum 250, 372 ‘272, 282, 304, 319 .
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1 The.. ly. related pi from:B. Mtricnlarie
was unaffected by treatment with sodium borohydude, there
_A be:mq no change in the absorption spectrum or in the total
absorbance of a solutj.on which-had been al].oued to stand wit.h
excess reductant for 0.5 hour. -This reacuon,;hus serves té
distinguish the Badhamia plqment from “those derived fxour the
* two Physarum species. = gt
. it was: interesting- to observe, however,, that the
pigmenc", after* tlun laye: chmmatography on sxhca gel, was
¥ . rapidly decoloux‘ised by sadium bozohydride 1eaving a snlution
with an absorptim\ maximum at 235 nfm which red shifted to
266'mm in acid toqet:her mth only very weak absorption at 300,
311 and 343 nm and an obvious' inflection at 325 nm. -
B Sti.ll maintaining the assumption that the.pigment is

a Schxff base,, attack by borohydride could be prevented by .

w._ - eTectronic-or/steric factors. Thus the lowering of the
R “ g - -

polarity ofvthe imine link due to an électron‘.with drawing
group on the polyene chain couId 'render the hond immune to
attack. It should be noted that the presence of such-a ,qroup
is quite compatibla with a poss;ble explanatxon, .already
advanced, for the low PK, of the ‘pigment as compared wu:h the

28

5 Of polyene Schiff bases.

3 i > Alternatively, the steric shieldinq of the imine bond

‘to the borohydride ion might cause this immunity. Such shields

5 ing is. ¥ in in which is by

ydride

treatment. Orly after irradiation to form metarhodopsin II,




- being completely-characteristic’

when stgnctural chanqesv.in the.molecq}@_};eve exposed the imine

link, will sodium borohyd:ide effect the expected rs&ction (36) .
It is certaxnly pcss.lble that the Badhamxa pigment is 5

related in ;this way to rhodopsxn, for its’ x‘ap:ui elution from

Sephadex, as g:ompared wi.(.:h the r‘elated compound fwm P. tlavicdm:m\ .

from whilg%{ it readiiy, sépafates, suggests that it has_a much

higher mo_lécular weight. Ninhydrin tests for protein have

proved inconclusive, however, the brown/blue colour given pot

Alternative structur

for pigment 1 ; .
It ingcéqnisgd that thé’re is, aslyet, no defix;i.tive’
evideqce' for a Schiff~ b_a'st;. limkage in this type of ~pi§ment,
the evidence from the bathochromic shiftgon protonation and
from the;reactiop with s.odium borohydridé being c{;cmstz;ntiala
‘and not completely convdncing. chev}et, no alternative ' ;
chromophore can be postulated at present. .
It must certainly not be forgotten that other pigments,

with both knmm and unknown structures, which show a similar

.athochrmnic dhift on protonation have been isolated. Thus,

abikovxromycin, coumeramvcin (VII) and novobiocin (VIII), all

‘of which are untibioti,cs extracted frqm Actinomycetes spp. 5 \

exhibit considerable bat] omic, shifts on pr nation (Table 5).

(37), and prodigiosin (IX) from Bacillus prodigiosus .(38,39)

It is alsn;wcrthy of note that both coumeramycin and prcdigias!.n

. J

exhibit a hypetchromic effect on protonat:ion.

3




Table ‘5. Changes ifi the electronid absorption spectrd of some:
pigments on' protonatijon .. 5

. . Absorption maxima. in ethanol’ (nf)
_Pigment g g T 3
i 5 Basic - Acidic -
abikoviromycin .. +255, 285 « 235, 355
" coumeramycin | 280, 308 (Eﬁ.m = 335) | 280, 345 mlcm =
< . . 4
novobiocin 2 & 3l - . 344
prodigiosin’ ) . 468 B P 541 - o

In addition to such naturally occutrin’g' pigments, Y

simple compounds are known which exhibit’ similar properties,

thus many pyrrale and~ pyrldlne derivatives show a similaf
bathochromxc shift. Trans 2% styrylpyndlhe . with-a Shlft of \
32 nm (40) mxght serve as a model for a, po&yene derived’

chromophore .
It is clear that at present the épectral propertxes

of Schiff bases, and in particular conjugated Sc}uff bases, v

have beehn insufficien:ly investigated to makeé fim asslgmne,nts‘

from the-available infozmatiun and Sandorfy has said (41),
"We have- o definite unde:standmg of -

. the electronic spectra of ‘@zomethine
compounds -or their vibrations. . We, can
only assemble someé preliminary ré u),hs,
ask questions and exp:#ss doubts." %%







In conclusion there is some circumstantial evidence

that the Pignénts from P. flavicomum and P. polycephalum which

show a bathochromic shift on protonation are Schiff bases -
de ived from a polyene aldehyde and an un1dentifxed amine.

The plqment from B. utricularis is chemically some-
what different for, although jt is apparently related in haying’

an ahsorpt).on maximum at appxoxxmately the same wavelength

th.ch shows bathochromlc specttal shifte cnkp‘rctonatxon, there\

is'no evidence for ,a polyene” chromophore nor for an imine of

linkage. It appears poséible that there is. a separate chromo-

‘phore within theé pigmen‘t whiéh»alsc shows a simidar ged shift
. in acid conditions, however, ‘as the purification proceiiu‘g
used was not very rigotous, it is” qu1te pcsslble that th1s

' .absorption is_due to a different, though possible structurally
: - By

related, compound. ‘ - ' x -
s " Any proposed structuwres for these plgments must .

explain why the bathochromic shift is less than might be

expected for a polyene aldehyde derived Schiff base and why . N

the pK, of the plgments dxffer. radically from the authentic

Schiff bases used. They nust also explaln'the dlfferencg in

the réactiv_it:.y of the Physarum pigments and the Badhamia

pigment: toward sodium borohydride.. v
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-EXPERIMENTAL

X “The original culture‘ofl B. ‘utricularis vas kindly :

by Dr. Cy-Ja-Al 7 University of Texas. In '

. this culture the slime mould was growing on ocatflakes suspended
in solid agar and, as attempts to transfer }:he mould into a '
sgmi-defime;i liquia medium ;imilar to that desc_ribeﬁ on p. 51 -
‘failed; subsequent “sub-cultires were ;naintaiped on the same
medium. ) .

. oatflakes (15 g, Ogilvie) were placed in a 20 x 30 cm

casserole dish fitted with'a close-fitting metal 1id. After
autoclaving at 124° for 15 min., a hot sterile solution of agar
-(1.5%) was poured into the dish to completely cover thd.oat-
flakes. The dish wa;. then slisken Gently “to mix tha oatflakes
‘into the agar and allowéd to cool. -The plate was inoculated
asép’ticall’y by t’ransferring (by means c;f a fiamed wire loop)
fou)_r small pieces of p‘l;asmodium from the previous culture, one

close to each corner of the agar surface.
: The plates were left in the dark at 25° until the
yellow plasmodium had covered the agar surface (1%-2' week‘s)
when the plasmodium was ‘scraped off.

. ) It was found that if the plasmodium was removed i
’caf‘.‘eﬁg’lly, the plate ‘could be returned. to the culture room,
and after 4 Of 5 days the mould had again covered the’ surface
of the agar, withrmo sign of contamination, and could be -

harvested again.
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' Extractxon of pigments E 7%

The plasmodxum was unmedlately stirred with ice~cold’
met:hanol (5°) and allowed to stand for 24 h. After Filtration,
the residue was ext:,:ac"ted a second ,time with fresh cold methan‘ol.‘ '
The combined methanolit.; ext’racts were evaporated to drynesé at

40° on a rotary evaporator, t0 leave a yellow oil.

Gel filtration Gfrmethanolic extract"
' Sephadéx LH 20 (100 ) was suspended in methdnol
(500 cn’) and stirredl magnetically for 12 h to allow the gel to
expand' fully. The suséensicn was madé ﬁp into; a column ’

(27 x 4 cm), and methanol was \glowly passed through until the
o
bed had completely settled and‘%}for at least 3 h afterwards.

The top of the bed was covexe.d with filter paper to

prevent its ‘dwturbance and the yellow oil obtained above,
dissolved in the minimum quantity of ‘methandl, was applied to
the column. .The column was eluted slowly with methanol
(ca. 0.3, cm’/min) ‘and four distinct pigment bands wer
separated and eluted (Tabl;/s)

‘Each of these compounds was fu:ther purified b

x AS
on’ dex LH zo. ) =,
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ﬁrogetties of pigments eluted from Sephadex LH'20

% Table 6.
s - by methanol —.
£ Absorption max. (nm)
Pigment (in ' .
order of = |Colour |Fluorescence| {methanol)
. - ,elution - N 5" Base Acid
- 1 " |érange | . nome 238 375 267 420
. v - > &%
2 v. pale \ white 338-358 - (327) 343 359 -
- yellow * . . . »
3 yellow orange ©328-340 \ (326) 343 .(361)-
. 8 el % . i L
X 4 orange™|” red/orange |266 (340) 378|266 (344) 359 (379) ,
¢t ) denotes shoulder : '
Thin layer éhzomatograghx of pigments.
Each t was chr D on silica gel G thin

“layers. Deta_ils are given in Table 7. . It was apparent ihat:

some degradation of pigment 1 took place on ‘the silica gel

.when acetic acid was included in the solvent system as each ,

band, after sepazation from Ehe silica gel, separated.into the

same on fuxther . : -

Pigment 1
' ‘The pigment was

by r

chr

(3x) on Sephadex LH 20 with methanol as the eliting sblvent.

.The visible absorption spectfum has been reported
(Fig. 4). £ ¥ s

The infrared . spectrum (CCl,)-had a broad absorption

3600-2900 and maxima .at 2930, 2910, 2840, 1740, 1625, 1470,
1460, 1380, 1240,and 1170 cm 1. \ .



Thin layer chromatography (Tlc) - . X

Hydrolysis of pigment 1 ¢ ~ ¥

Column chromatography i
) Pigment 1 was applied tg a silica gel column (60 x, 3 cm)

in petroleum ether (60-80°)-acetone, (1:4) then eluted with the

, same solvent: .the band ran slowly for some time then stopped.

Acetone eluted an orangé band A 268, 367 nm (basic methanoi)

max
and methanol a second orange.band A 269 368 nm (basig

methanol): only the first band showed a red shift to -412 nm on
ptctor;ation. 3 e !

Tic on silica gel. G (Mer&k, acc. to Stahl) using

mechanol-chlornfom (1:1) gave a single yellow spot Rf 0. 85,
: R

but w1th chlorofom-methanol-acetlc acxd (50:15: 3) four bands
were obtnned (Table 7).  The major bamﬁ (band i) when run
repeatedly in the same snlvent system gave small amounts of

(1) and (iv). & s s

(i) To separate por:tions. (5.cm3) of a soluticl‘l‘ of
pigment 1 ix; methanol (absorbance ‘ca. 3.0) “as added concentrited
hydrochloric acid. (1.7 en’) and 6 M aqueous potassium hydroxide
(5 cm®) to bring the final concentrations to about 3'M. *The two
soiu,tions were left10 h in the dark at room temperature. iia_
change in the absorption spectrum of either sample v;a.s detected

and, after dilution with water and extraction into ether, the

-plgment remaming gave no add:.tmnal spots on tlc.

SN » .




' Table 7. ‘Thin'layer separation of pigments on silica gel G .

: “\\? .
J .. Absorption maxima (nm)- - -~
. ) i in methanol.
Pigment . “ Solvent 5 oo RE L T
% % L ” Base Acid
. ¢ a, B os (a) methanol-chloroform . 0.85 ] ] -
(1: . g .
(b) chloroform-methanol-" (i) 0.80 (major) .1 394 - 434 |
- _acetic acid (50:15:3) 4 '
N = A (11) 0.73 . 394 434 ol
(1i1) 0.50 T 419 (440).— §
; ; 1 (iv). 0,000 . EC I 385 * L
) e .
2 " methanol-chloroform o P92 TR et e E ‘e
3 (1:10) : Ny o : i e
-1 L ‘methanol-chloroform : 0.73 337 (broad) | (331) 345 (362)°
(1:10) ; ] 4 S
. N % )
4 I .éhloroform-methanol- 1.. (1) 0.68 H 385, | (343) 359 (380)
= acetic acid (50:15:3) i
(ii) 0.51 . 385 (344) 362 (382)
. (1i1) 0.30 385 (343) 359 (380)
: “(iv) 0.00 - -—-

=
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(ii) A similar solution of pigment 1 (10 cp®) was
made .4 M in hydrochloric acid and reflu)l(ed in the dark for 1 h. ‘ﬁ'
bThe solution was .almost decolourised and had -an absorption )

maximum at 267 nm together with an indistinct maximum at 361 rim‘.

-Tlc on silica gel with chloroform-methanol (1:1) ‘developer .

" s
gave " a pale orange band with orandge fluorescence Rf 0.70 and

“a colourless band, also with orange fluorescence, at Rf 0.96.

' Sensitivity of pigment to. silica gel

A di_lute solution (agsorbancévca. 10 in 1 cm cell) of *
pigment 1 in methanol was prepared. To this solution (10 emd)
was 'added ‘silica gel 'G. (100 mg), and .thg mixt_:ure was allowed to,

" stand, with occasional shaking, in the dark at room temperature
for 24 h. The absorptit{n 'spectrum before and after treatment .
is recorded in Table 8. . . ‘,

Table 8. Absorgt;.on sgectzum of E1gment 1 before and after

treatment with silica gel - w8 4 5

'Absozpt\ikon maxima (nm)

. Basic Methano | Kcidic methanol

before treatment 375, ~ 420 .

412

after treatment e 373

Pregaxation of 2, 4 hexadienal-and 2,4, 6-octatr1ena1

The method used was essentially that reported by

Blout and Fx.elds (42). : g o



Crotonaldehyde (200 cm’, distilled 100-102°) and -
acétaldehyée (270 cma) were added to a 1 _dm3 flask equipped
; with"a Dry¥Ic? co‘nc}ens‘er and ‘the mixture waéjpurged with .
nitrogen for 0.5 h wha:n the condenser was removed. To the
mixtuze was added plperidlne (3 cm? ) and qlacial agetic acid
(2.1 cm ), and the mixture immediately turned a brilham—. red’
colour. The mixture was aga:.n purged with nitrogen and ;sllowed
to.stand for 12 h in the dark. &
After filtration, the fil,:rate was extracted with
.- ether (750 clﬁj), thé.étixereal layer being wﬁéhed four times @
, with vater (300 cn’), filtered, and dried over anhydrous sodinm 7
sulphate for 24 h. . . B . )
After f11trat10n the solution was evaporateﬂ on a
rotating evaporator to»about 200 _cm - _Further distiu'ation at
amoﬁphéyic pressure and then under reduced. pressure -afﬁqrded &
three major crude fractions of unchanged cr,otonalc‘!el"xyde,
hexadienal fa_nd octattien'al’; the latter two fractions were

redistilled under reduced pressure. P . 5

. Hexadienal

. . Distilled 54- 55 at 5 m. \ueld 14.2 g

Absorption maximum 271 nm in methanol, e = 157/500.

) . . N

. Octatrienal \

" 'Distilled 115-126°\at 5 mm. The distillate failed to
- ' ‘drystallise on'coolinq on a Drg(—rce bath so the crude

octatrienal_(‘&l g) was added to 5 times its volume of a

N

o
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. saturated solution of sodlum hydroqen sulphite. After thox"ough

mixing, the pale yellnw precxpltate was filter off, washed
three times with 95¢ ethanol (5 em’), with mh;/: (5 on®) ana
1astly with absolute ethanol (5 cm’ ) - . &
- The hydrogen sulphxte derivative was added to a
sdlutiun of concentrated hydrochléric acid (20 cn\ ). and’ water
(250 cn®) and shaken to effect solution. After being’allowed
fo stana: for 0.5 h, the octatrienal was extracted into ether _
(3 xusg cms) énd this solutionm wz;s washed with water (4 x 50
cn’) and dried over anhydrous sodium sulphate.

After filtration and removal of the solvent, the

‘residual solid was redistilled (75-80° at 1.5 mm) and the
“product crystallised from hexane as-pale yellow plates, mp 55°.

.Yield-2.0 g. ' Absorption maximum 322 nm in methanol, e ="36 800.

Mass spectrum: ‘m/e 122 (M, fo02), 107 (M-CH 28%) 7

93 (M-CHO, 28%), 91 (M-HCHO - H, 368), 79 (M-CO-CHg, 43%),
77 (W-HOHO-CH,, 49%). . g .

Infrared spectrum: 1673 (conjugated C=0), 1612 =)

) | %

T as. ’

PreEa:aE"on of dilute solutions of Schiff bases of hexadienal,

octatrienal and retinal : R

The preparannn was essennally that used by Akhtar )

£al. (21). A dilute solutum of the polyene aldehyde

(hexadienal, octatrxenal or retipal) in ‘methanol was fiade s0

that the solut;on had_ an optical density of 2.5-3.5 at the
- < 3

absorption maximum. “To this sofution (2 cm’) was added a

e
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solution of the amino compound 1n water (2 cm’ ) or, if l

necessary for solutian purposes, methanol (2 cm ). ?The amount
of the amino ccmpound dissolved. was calculated to give an

approxlmately ZO molar excess.- \_’_/ .

Aqueous sodium* hydroxide (2.0 cm 0.1 M) wa

and the solution was left to stand in the dark for 2 h when

' .the absorption spectrum was measured. Hydrochloric acid (§ M;
i or 2 drops) was then added and the absorption spéctrum
redetermined. The reaction of aspartic acid with retinal was
ra‘l}her slow and the mixture was allowed to stand for 2 days.

, The results are shown in Tables 9, 10 and 11.
”

Table 9. Absorption spectra of Schiff bases derived from

' hexadienal

/Abscrption max. Absorpt:.on max. in

Amino compound in methanol (nm) . methanol/ﬁcl (nm) ~
methylamine . 266 . 307
t—b}xtylamine 267 - p 308 °

- cyclohexylamine 268 311
benzylamine 270 B 3i5
isoleucine | = 271 . ' 317~
threonine 27_2} L © 7 a1s .

_ phenyl alanine 268 ° Y ) 317
arginine = ° 2’ ‘ &l 316
aspartic a\cid 267 ) 317
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1

Table 10. Absorption spectra of Schiff hases derived from~

' octatrienal

i\m;i.no compound

Abs. max. methanol Abs, max, methanol. .
(nm)e: . /HC1' (nm)
methylamine 303 (317) 360
t-butylamine 303 (317) "358-364
cyclohexylamine 304 365
glycine 307-316. 367 ;
. . e B
‘lysine | 303 (317) 365 .
. K p
_arginine 313-318 372,
aspartic acid (300’ 315 327+ v. broad,."
G- e L. flat
$ . maximum
() denotes shoulder ., w o 5

*small bathochromic shift probably dué to incomplete reaction




Table 11.. Absorption spectra.of Sc¢hiff bases derived:from

retinal - e oA g
. & , - :
+-Amino compound Abs. max. methanol Abs. max. methanol
3 ~aim)- /6CL (nm) .
‘methylamine 361 L 439 : 4
: . » :
t-butylamine . 366 ¥ s 441
cyclohexylamine L3686 . | FV 443
) 367 %2 451
. ’ h
‘ 369 e 449
= a
396 v 507 e
- : 5 [
glycine . 369 . 450% N
asparagine . 3697 - - - 454 "
phenyl alanine 369 .459
aspartic acid - L5 S Cos 459 (after
. . ) : 10 h)
; . . | P
3-amino butyric . ‘ 374 440
acid | . : S
homosenine . . 370 " B : 454
¥ .. |

. *solution rapidly. decolourised by' @ition of excess HCL.'

Attempted ction of retinal wlth methyl. a-amlnocrotonate
‘(a). "No product could be detected when following thé

éenezél Vrvnetho«.:] already described, éven after being left ’%or
e . T

2 days.

- (b) Retinal (5 mg) was dissolved in methanol (}D cm’ )

and methyl-g-=aminocrotondte (50“mg) was d:.s.solved in the e
solution. Potassium ‘hydroxide solutjon (1.0 M, 1 cm ) was £

\



i ‘ ) 3
added and the mixture allowed to stand for 6 h, after which
tine n6 product was detected. . fhe solation was refluxed for
31 and allowed to stand, 12 h when the absorption maximum it
375 nm shifted to give a hmad band centeted at 404 nm on
acxdlf;cat].on. i = :
No attempt- was made to- separate whal: was pzobably a.

mixture of ret:.nal&and Schiff base ‘product and further xg,action

did not appear to dffect Fﬁe spectral‘ shift.

Attemgted reaction of retinal v‘:ith cytosine |
(a) No product could be detected after followi.ng the
general method descnbed above, even after stanqu for 24 h.
(b) Recinal ‘(1 mg) was dissolved in methahol (5 .om’ )
and a solutlon ot cycosinq”(lo mg) in water (5 cm ), and sodium
hydroxide " (0 1M, 2 cm ) was added. The sclutxon was refluxed

for 3 h, and then 'nllnved to stand ior 3 _days but no: product

was detected.

. (c) Ref.j.nal (1, mg), and cytosme (25 mg) were “lak
dissolved in tet:ahydrofuran (10 cm’ ) and allowed to stand for
AB h over moleculat sieves. After avaporatian to aryness, the

: spectzum of the resxdue, when dissolved in methanul, shnueg. no

gvidence of any reaction. L - . ¥ . g .

Preparation of retinylideme-t-butylamine '+ .
: The method u,sed was 'identical to thatASeported by

Irving and Leemkets (30). - All-ttans-retinal ‘noo mg; .sxqu)

was_ dlssdlved in t-butylamine {5 cm3) and the* solunon was

o



allowed to stand over mclecular sieves for 24 h. The solution®

) - | was decanted and the excess t-butylamlne removed on .a ‘rotary

! ) R evapoxator, to leave solid retxnylldene-t-butylamlne. N
8w  Mass spectrim: m/e 339 (), 100%; 324 (uEHy), 21%;

<, .". © 282 piibutyl-H), 15%; 268 (‘M-bu%:y?l.’f)i:-N‘), e e 0

¥ . Prepardtion-of bctatrienylidene utylamine

T above uslnq octatrxenal (150 mg) and t-butylamine (8 cm ) v

. Removal of the t-butylamine left a yellow 0il which was® not -

R . purlf;ed further. b

5T Mass spectrum: ~m/e 177 (M), 77%: 162, (-cHy ), 28%;
; - .
7 122, 78

1,21 (M—butyl), 83%;' 106 (M-butyl-x—m, 318, o

fon s B 'A ’ Ret;tnylxdene—t butylamne (10 mg). vas d1ssolved in-

95% ethanol (5 cm ) and sodiun\ borohydrzde (].D mg) was added. >

. D The. co‘mux of the solution disappedred lmmedlately, bdt the

soluélon was left to stand a fux.‘ther 15 min. g .

. .
The abse(p(:lon spectrum showed the presence of a

2w ® oo v ”‘ ng at (313) 327,mn in methanol.

Mass spectrum b“"\/e 341 (M) ; 100%, 326 (M-CH ) .21%,

A € ~ s

284, (M—t-buty:b—ﬂ), 3l%; 270 (M~t~butyl—H-N), 26%. ]

. Attemgted reduction of pigment” 1. by sofium .bornhygride ’ K

a soluuon of/plgment Liin: ethanol {6 en’ )

J' a‘bsorbance 1.8 in I'-cm cell) was treated with sudxum boro-- ',

- hydrlde (5 mg) . .No change ‘in (:he absorptxon. spectrum nor in

v —




the total absorbance was observed even after 0. 5 h, indicating B
that no reaction had taken place.” ' 2 ey
.- Under the same conditions relatea. pigments from
mlxceghal\m and P. flavicemum and simple Schiff bases

derived from retxnal and octaf_rxenal were 1mmeaxate1y reduced \ﬂ"}

educiion of pignent 1 by sodium bo:ohxdride an—.ex thin laxez 2

chrmtngraghx on silica gel . Ve 5 .
‘The compound in the major ‘band (band 1) obtained when

pigment 1 was chrbmataqr.japhed on silica gel was dissolved in.

methanol. This solution (6 cm3, absorbance 1.5-1.8 in-1 om »
cell) was treated with sodium borohydride (1 mg), the colour

beinq removed ins mntuneously é ¥

i The solution remaining showed no marked absorption
maxima though there was evidence of weak absorption at 311, 325

and 343 nm. i 3 i s .1

Determination of PK, of retiﬂylidene—t—}mtylamine <& ¢ N

Threé stock solutions weré prepared: .

A benzoic acid (0 679 'g) in ahsol\xte methanol

(500 em®) 8 %

B sodium benzoate (0.800 g) in absolute methanol

(500 cm N
! € sodium chloride gf14.61g) in deionised water

(500 cid)* 75

" The concentration of the f£inal buffer solutions were: total

benzoate 0.01 M, sodium chloride 0.05 M. The NaCl concentration



L T b -am-
was relatively high to ens:ur,e' that _.the to;al ion co,iu‘:entration
showed litfle change due to buffer action. .The buffer
solutions we’re’ made up as shM in Table 12, After calculating - ¢
‘that the PK, Of benzoic acid in 90% methanol is 7.02
(Interquateé from ref. 33). ) s " E

Table 12. Vol

4 P r':benzo'ate buffer = B ‘: e E
: " vol. /sﬂolut{‘z’b o= 5‘.‘0}7 z?mz.' R x o
W . . pH ‘Vol‘. soln. A " Vol. soln. B ’
: ml N ml »’ ’ B
- ‘41080 |° é.sz‘/ ~
6.5 ooosase |0 10
] ’ 1.6 ©-23.01 - 21.99 ) =0
7.027| 'gz*.zs . 22.25
Ty ©. 17.86 27,10
7.36 | 14.56 | 2 30.45
A L1119 e,
' 73 . ,'l7.793 7 ’
- teo 7 wzr | 0.74 '
: Ceos. | 302 .. 4105 2
814 ERTAN a8 .
8.5 Cotaass L8 PERTIL k
80 . B 0.1 | L | aase :
9.5 & _ant 44.85 ’
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»/ " 'A sténdard solution of retinylidene-t-bitylamine in ¢

methanol, which, when gcidified,’ had an absorbance of 1.5 in‘a
1 cm'qelllat its absorption maximum, was prephred. An aliquot
Cof this solunon (5 cm®) was evaporated to dryness,under
,reduced p_ressure at 35° and the n'esldue was dissolved 1n the
.aispropriate buffer solution (5 cm ). The electromc absorption v

r

spectrum was recorded, a series of curves bemg thﬂ}ned over °
‘a range of pH v];).ues (Fig.”5). 1+ - a

The absorbance of each solution at 440 nm was plotted
- ‘agaigst the pH' of the solut1on, the inflection point being

taken as the pl(a of the protonated Schiff base (32,44) (Fig. 7)

Although theoretiéally this plot can be made at any wavelength
2 . 4( :

. 440 nm was chosen as there is the largest difference between
the extinction coefficients of the protonated and unprotopated

. species at this wavelength. /I

: The pK, of retinylidene-t butylanune was 8.6, ..

pl( of octatrxenyl—t-butylamxne

. The PK, was determined as descrlbed above and ‘was
showri to be 7.4. ' Curvés show1ng the change in the ultraviolet

-+ -spectrum with pH ‘and the -change in.absdrbance at 368 nm with*
4 '
e pH are glven in Figs. 6 and 8.

p_l(a oE plqrngnt 1
? " | The pk, Of pigment 1 vas determined in aqueous
, ‘potassiun hydrogen phthalate solutions (45), the pi of each -
_peing checked by a pH meter. Graphs showing the change in' the




- . . ‘

‘visible ay;orpéion spectrum with changing pH ‘and the ch'anQe in -

= ahs:orbance at 421 nm with pH 'ate given in Figs. 9.and 10. .The ~

PK, Of the pigment is 4.0. R T b

-
s o -~
A % '
¥ )
i Eagts = g \
‘ i d
- :
R 3
e
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s g ¥
E G
0.5+ |
‘ R
g
1.0 - .
9.7 and above
9.1
4 8.8
8.4
% . 8.0 .-
v i 7.5, and below

Fig. 5. Effect of pH on the visible absorftion spectrum of

retinylidene~t-butylamine in 90%'rethanol:
= :
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o
o

Absorbance

8.0 and above
7.8
7.6

pH 7.
(£) pH 6.9 and below ,

T o
300" . O 350 . ‘wavelength (nm)

Fig. 6. fect of pH on the ultraviolet absorption spectrum

of octatrienylidene-t-butylamine in 90% methanol.
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8 Absorhance of retinylidene-t-
g A
| N butylamine at 440 nm in solutions
s s = -
° 2 of 90% methanol at differgnt PH\
S N v e
1.0 o : y
0.5 ’
T e — o T —.;
7.0 8.0, 9.0 PH 10.0
» s :
: ‘8 s ’ : . )
= g . . Fig..8.  Absorbance of octatrienyl-t-
5] butylamine at 360 nm in solutions
2 ‘ g % .
2 : 'of 90% methanol at different ph = °
1.0 1 . s :
0.5 J
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('Absorbance o

o -

{ .= 139 = .
Fig. 9. 'Effect of pll on thc visibie absorption  «--

. spectfum Gf pigmeme 1 in agueous Buffers

pH 5.1 and above
PH E
PE 4.1 .

pH 3.8 . B
pH 3.6 .
pH.:3.2 and’ below

150 500

G “Wavelength (nm)
a . 7 8 e
Fig. 10. Absorbance of pigment 1 at; 421 nm in
= _'aquéous buffer solutions . ]
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- % ) : &« = INTRODUCTION .
2 . . % s 7
. i In the course of work on ?é natyre of the pxqments
- ~Of some nyomycete specles, tua cul £ Badhamia utrxcularis

ware appax'ently contanunated by a* yellow bacternnn when

purchased. Initxally 1‘\: was thcughf, that the slime mould wss ’

. ™ .g:owing on a white bacteual specx.es, 2 thac all thggextraecable (
p:.gmenf. was from the yellow Myxomycete bur. it was later 4

; recognised that B. utmcularls hdd béen Bogbletely lost from the’
. . cultuze, and gxamination by Dr. Moskovits of the Memorial, -
Unxverslty Department of Biology showed that a pure cultute of

- i Ta yellow bacterum\ was present.

. ' Identification of the hactexxum was attempted by = <
Dr..P.¥Fardy and Miss R. Cross of ‘the Mic:obxoloqy Unit of the

~. . + .General E{aspltal, St. John's, who' suggesced that it was a

b Cotxnebacterxum species.

In view of the uork proceedlng on the natu:enaf the
.. ) .y_ellof: pigment -(to be discussed later), w!uch appeaxed to be
. _'siqlilar to, or identical with, the major pigment’ of Flavo-
vbacteriim'dehxdrogenang, Profesgor V. Tretcani:of the Institute

of Miérobiclogy, University of Milam, was. asked to compare tﬁe‘/.

cultu:e with d;fferent specles of Flavobacteria malntained at : 'A
. the lnstltute. * Dr. Treccani kindly did this and using bio—.
chemu:a‘l and mozphologmal, 1nc1uding phase contrast microg:aphic

. (Figi Ta-c), data- concluded -that the yelldw culture was possibly -




3 . K
I.% -related‘to F. dehydrogenans) though it was dissipilar in some

in Table 1.

g Table 1. Comparison of the isolated ba ium with F.
3 o B - == =T <
" e, T gendns .
( . . F. dehydrogenans VIII (Arnaudi)
5 i Rods 0.45-0.75 x 1.2 u -~ ° | Rods 0.4 x 0.6-1
. - ~ Y * Gram pogttive J . Gram positive \
5 - i 7 Rerol Aerobic - 2
& § Catalase positiV¥ . - .-, | catalase positive
“ .. o Nitrited not formed from Nitrites not
 nitrates « . 4" formed from
; N ) é nitrates =+ . -
= : 4 Acid from- glucose, maltoke Acid from.glucose, i
$ s o A 3 k . ‘maltose )
pDifferences i g T 3
: Motile : . 7+ " | Nop-motile
Does not hydrolyse gelatin [+, | Hydrolyses gelatin
Pigment produced only in . Pigment produced 4
4y . +light ™ -in light' and dark
G S “ 3 L=
g i The classification of gram positive bagteria, such as
- E..dehydrogenans, inte the Flavobacteria is not always/.,accepced, \/
. indeed rrfecani - (1) and othet authors® (3,3) consider that such
- z species. are more closely relgted to the Corynebacteria, and :

. ' ‘thus, taking this ipto account, the isolated’:?pterium will be

i 3 I
- referred to as a Corynebacterium species. 3




- 146 -
Fig. 1. Phase contrast micrographic photographs of the development

cycle of Corynebacterium sp. (x2800)
Fig. la. Time 9h
-

Fig. 1lb. Time 16h

Time 24 h. Stationary phase



'

‘examined further.

"DISCUSSION- @ ! )
. - &L
As the culture was 1n1t1a11y thought "to con:aln sl].me
mould, it was grown on damp oattlakes, a‘standard method for

the Myxomycetes, and was kept in the llgﬁt when ‘pigment

production was at a maximum. Purification of the pigments £rom

the organism was difficult as pigments from the oatflakes;

together w:.th lipids and other contaminants from the same

soiitos; Hia ;to be removed: use of both column and thin layer

did, , effect this separatmn.

In later work the bacterium was grown in ‘a buffered

‘liquid mediun containing extiact of both yeast,and'beef and the

the plqments being xsolated and purified by .column and thin
layer chrcmatography. -

Column chromatography of a methanohc extract of the

'Corxnebacterium sp., ~grown in liquid medlum, gave five

" coloured bands. ‘Two Very minor components (pigments 1 and 2)

were eluted from-'alumina by petroleum ether indi¢ating that

" cells were readily separated from ths medmm By cencnfugauon, g

they are ‘probably non-polar carotenes, their visible absorption -

" spectra being-close to those expected for Aﬁ—carotene (pigment’ 1)

and a-carotene (pigment 2). These two -pigments were not

> , .
The three major biqmenﬁs (pigrients 3, 4 and 5) were

" eluted from aTumina By petroleum ether/acetone mixtures and

cach was purified further by additional ‘cblumn chromatography
/1
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& - s
on alumzna. All three had extremel\y similar visible afas?rption -
spectra thr; maxima at (386), 412, 436, 466 nm in methanol -
‘solution tFig. 2). ! ) = )
These spectra suggested ‘that the three pigments had
the same chromophore with nine conjugated double bonds in an
a i ahphatzc polyene chaln. Thus the carotenoids neurosporene LI) v
—carotene (Ir), and 5, 6 5',6'-tetrahydr01ycopene (I1I), which

have a conjugated ‘nonaene chromophore, have very similar spectra

. (TaBle 2). . C Ve
v s R .

Table 2. Vlsxble absorgtlon spectra of some carotenolds with
a_conjugated nonaene chrcmoghore

) Cérotenoid Absarption maxima
o »'nen:9spnrene 418 441 5, 470 (petrbleum éther) o)
: e-carotene - .|’ (394), 4\16, 439, 470 (pettoleum ether) " (5)

® 5,6;5' 6-tetra- . =
Y - hydrolycopene| 413.5, 437.5, 457’.5 {hexane)

() denogesshouldsr' :

. S T _The. relationship of pigménts 3, 4-and 5 was examined

hy 1nvest1gat1ng the effect of base oft-gach pigment when both '
ngments 3 and 4 gave a compcmnd‘ with thin 1ayer behavlour/
¢ . 1dent1cal with pigment 5 suggesting ‘that both are esters of = .
: ‘ . .

pg_glqent 5. \ o M

Pagment 5. g

Y % . N



< ggs

)
n
°

AQUOHNQAUWRV®

=)
o
o




'hydroxyl group available whlch had not reacted with the

<150 - I

to give a product with no absorption in the ultraviolet

above 200 nm. The infrared $pectrum was quite character .

istic of nun—aromatic carotenoids with absorption maxima

hed |

_at 1600, and 968 cm ™, the latter maximum being’ typical of

the. trans dlsubstltuted double bond.. Absorption maxima at

-1

3590, 3390 and 1002 cm indicated the presence ‘of at least

one hydtoxl group which was probably allylic.

" When treated with acetic anhydride in pyridine, a
single monoacetate and a. dlace;.;:é w; fomea and it was
clear that pigment 5, like 1sozeaxanth1n (I), which under
the same éondicions al'so\.gave a single monoacetate and a
diacetate, contained two symmetl‘lcal primary or secondary’
hyﬂroxyl groups. ‘ o

Pigment 5 gave a single moho and a d).sllyl ether
v

only, confxrmmg that thera was no’ addn:mnal tertlary

\

&
acetylau g reagent. AS _expected ‘the sllylatxng reagent hHad

no effect 'on the diacetate but did produce a single less
olar compound with' the same v1sxb1e absorpuon spectrum as:
igment 5 from the monoacetate. -

The pai-uuon ratio between petroleun ether and
95% )nethanol can_be used q\ute successfully to determlne the
number and types of functional grcups present in the
carotenoid molecule, thus Petracek and.Zechmeister have

tabulated the partition ratios of carotenoids with different
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numbers of keto and hydroxyl groups (7) . The partition

ratio of pigment 5 was 32/68 whi¢h is similar to that

expected for a carotenoid with two hydroxyl functions,

> though the compound is somewhat less, polar than the C40
ca‘utenoxds investiqated by Petracek and Zechmeister.

o o ," The telatively high freq ency infrared absorp- - /
tion of the hydroxy), group (1002 “eh™Y) vas rathier indica-
tive of an allylxc hydroxyl qroyp. Suchvgroups in

& = carotenoids can usually be detected by dehydration, ‘usiqq

‘hyércchloric acid in chlor form, when a change in thin
layer, and often spectral rdpé;tiés, results (8). V,Pigment
5, however, gave no elimination product even when treated -

with hydrogen chloride dissolved in chloroform. Attempted

dehy ion with $ oxychlonde in pyridine aia
. g;ve a new product but on treatment thh base this was
:eadlly converted back to pxgment 3 and was prcbably a

phosphate ester (9). E s

Allylic alcohols may also be detected thto‘uqh the -

fomatxun of methyl ethers thh hydrochloric ?d' in"
methanol (10) but p:.gment 5 faxled to react with this

’ " 5
" - reugent. wOEL® '

‘ Attempts' to oxidise. an. ally_lic alcohol with

manganese diogide failed, but nickt7 peroxiaé'oiidaeiom((m ‘

tahos gave both a « 1-and a di

1 p:nduct both of

g« which had unchanged el.ect’muc -absorption spectta. The’
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dicarbonyl compound ‘was not silylated but the monoca:’bonyl
* compound _qave‘ a single silyl ether.’ It yas again apparent
that the two synmétrical hydroxyl groups.had been oxidised
and that, if allylic, they . :{émoved from the main’ i 5
¥ r'Aonae.ne “ chromophore . & . . A

Treatment of both the oxidised and partially

oxidised products with sodium borohydride gave a.single
. - [}
product indistinguishable from pigment 5. . .

. . . . . 8
. Mass 'spectral information e O . .

A review of the mass spectral fragmentation

patterns of ca'rotenqid‘s (13) has shown ‘the impo:taﬁce of |
such data in making structural Vassignments. Though . some’
s;:hoo].s ‘have modified —t'_hek spectrometers somewhat- and
now have little difficulty in obtaining caro{enoid spectra,
such spectna can be difficult to pmdlme on a routine ‘basis.
No speci:.tpm was given on the instrument available, though
eventually ane was obtaxned a,r. Liverpool unwexsity.
_.‘ - i : 'l'he spectrum showed a strong molecular ion at m/e =
- . 704 and althouqh an accura@e mass was not obtained it

eared vety probable that pxgment 5 was a c carotenoid

: - . with the .fnzmula c50H7Z°2 - . s JE
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C., carotenoids F .

50

everal Cg caro ids have ‘been ised since

1966 when the structure of the first such compound 2,2'-(di-

hydroxymethylgut; 2-enyl)-e-carotene or déciprenoiﬁht)gin was

determined (5). ‘In all such compounds’ described to date the _

additional 10 cazbon atoms$ are in the form of two isopentenyl

funcnons attached to a Ca0 skeleton nt C2 and 2'.

.Some of these cardtenm.ds have ~been known for ssveral

years and had/ p:eviousl been assaned a Cm' skeleton, for, the

50 natuze 1$/wa11 hidde v being only revealed by mass
spectrometry, an 1nteq:al_ chnxque of ca;oteno;d structur_c{l

" determination only since the middle 1960s (14). =~

Several dihydroxy cs‘o carotenoids hak\bj:en fully or

“ patnauy cha: erised: in (IT), the isomeric

sarcinaxanthin, tentatively identified as (T11), and \ he thrée

carotenoids P450 (1V), bisanhydrnbacteriorubm W,
_hydroxy
- torulene ‘(VI) from CQHnebacterxum goxnsebtxne. A further

related

and 1'-

=1', Z'—dihyd:o 2-isopentenyl-: 2’-(hydroxyxsopente yl)-

compound, corynexanthin, is a monoglucoside of -

decaprerioxanthin (15) . G I

Of these compounds the three from C. goinseti:i’a'e' are -

obviously not” identical with pigment '5 as each: shows absor.p-

tion at

" between

closely

a wavelength greater j:han ‘s-caroteng. & Distinction

, sarcina in and any. other possibly

related carutenoids can best be made through the mass
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/ . .
spectral fragmentation pattern, in particulaf that associated

with the retro-Diels-Alder reaction characteristic of the a-

4 -
'S ionone ring, thus s-ionone '(16)- and e-carotene (17) both show
a strong .éhaxactex'istic_daughter' ion due to such fragmentation; * :
y ) [
+ b

Gx\nilarly, decaprenoxa.nthin gives an’’ion at m/e 564 due to a
similar Eragnentanon ‘wliich 1nvolves the loss of a 2-

"% (hydroxymethyl-] but\z -enyl) function .




i spectrum of decaprenoxanl{hln (5) : » >, R

found to he identical with the properties of pigment 5 and as

- C

' considerable amount of structural information can be deduced (5) .

Identity of pigment 5 with decagrenoxan".hln . g B %

The mass spectrum of plgment 5 showed a chaxacterxsnc
ion at m/e 564 pxesu\ndbly fomad throuqh retro-Diels-Alder o~

fragmentation of an a—lonone t.ulg sﬁularly ‘substxtutédv to

that in decaprenoxanthin. Other ions at m/e 686 (M- 20)', 668

q;, Insufficient quant:l.t;es oﬁ pu pxgment ‘were avallable 4 -,..

N
for the nuclear magnet:.c resona,nce ‘spectrum to be obta?ned an‘ﬁ

compared with that of decaprenoxanthin and fzcm which a

however, as the thxn layer and spectral properties of an

w5
authentlc sample of decaprenoxanthxn, kindly donated by’ Dr. R. :

Berry of the New Mexico State Unxversxty, Las Cruces, were

-the melting point. of pigment 5 is very close to that reported i

compounds are identical. \

The abnormal partlmcn coqiflc1ent is explalned by |

‘the add#tion’ of twa, nontpolar isoprene units to the dlhydroxy—_ i
40 ca:otenolds discussed by Petracek and Zechmelster A7), and
the value is J.dentlcal wz.th‘ that x:epnn:ed for decaprenoxanthm

(£ I




§ aew .
J.Pigments 3 and 5

It has pré\uously heen sug,gestecl that these two pigmem:s

are . esters -of ‘pigment 5. ,The xnfrared specttum of p1gment 3 had,

. ester)‘ -and none

Ein abscrption maximum at 1735 cm S (

correspondlng to a hydroxyl group whereas pﬁ'ment 4 had absorp-
-1

tJ.on maxima at 3€70 3420 cm (OH), and at 1730 cm™t- (c=0) . P
qument 4 was s1lylated to qlve a s.Lngle product

whereas pigment 3 could mot* be silylated:

Itwas thus’ possible chat plm‘nent 3 is av d.\gs(:er and R
pigment 4 a monoester of! decaprenog(anblun.

No attempt was made  to 1dent1fx the esterlfylng aclds -
though, as only slngle spots were seen on the chromatogram, it
f
;llfferent esterxfylng acids are close members oE a hbmologous

serxes._ A Concluslon as; tc the s“ze the,ac;ds mlg’ht be drawn‘

£rom the RrE" valueg of the naturally occurnng estezs and the

éynthetlc agetaté e}ters (qu. 3) . e §

Fig ‘3' ¢ Thin laxer gropertles of naturally o¢curr1ng esters

.. " . and.,synthetig susbates of decagrenoxanthln

- ¥ - b‘v - - L. = -~ Solvent front,

,pigment’ ~pigment + ' .05 .0

pigment - pigment
S 4.0 - 5 )

-

s " monoacetate diacetate, .

; A

@
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"  of nucl'eof_i'de base- values (14). L

v

The chtomatogram suggested that pxgment 3, be,an less -

polar_ “than the aiacecate, contaxns a relatively high molecular '

= 20 date ¢y, caroténoids have' only been found in non-

.- photosynthetic bacteria, especially Gram'-positive aha+aerobic

forms. - Pigmented, Gram-—poslt:.ve bacteria can be arran?ed into
three natural taxonomic qrcups g the coxynebactena, the " ~ |

brevmacteria and a group cellvio ydroge “-xanthe.

each of these gxcups is characterized by a dxsunctive range

= The cellulomcnas—dehydroqenans-xanthe group, wluch

has a_ nucleotxde base ratxo of 70 - 75 N1Y guamne plus cytos;ne,

. nea the uppez umu: for bacterla (13) . contams at least

: spec1es ui Cellulomonas

thirty straxns includinq s(:xaxns of cotxnebact:exxum onnsettxae

and C. med:

olanum, 14 stralni of Flavohactexium dehydrog enans,

other- unnamed Flavobacteria;

. All (:he strail\s of deh&drogenans,

decagrenoxanchm in chemcafproperties and wluch has been %

deﬂimte],y 1dentified as decaprenoxanchm by mass spectrometry
T = i

lin many of the strains.

Weeks (14) has /lOted that cs0 carotenmﬂs have




exception is the Halobacterxa, with 60~ 69% GC, Whlch though e

gram—negatxve, have -a cell wall that ﬂosslbly has much sin

S conbn ith -the el walls of Gram—pcsltlve bﬁcterla. ﬂowever,

T oo % asg the)?C af the Cor eriun species aescmbed
%l here was shown o be only 45%, it seems :hm: a high-GC ratio

.is not.. related to the production of €50 carotenoids._

In-addition; as gr as can be detemined this xs

the first orgamsm in which esters ,of €50 carotencld alcohols ¥ &
o * have been reported though such derivatives of C40 carotenmads

are well known. 25T . P By o,

T




a3an® !zuemeyez flask. The

o

\

o

.,‘A‘ © o)

Cultire of Cugnebaceexm Species
B (a) Water (250-cm 3) was

suspensmn of bacterial cells in- water 5 cma) drained from” the«

oat.meal of the previous 3= day—old culture was used to 1nucu1ate ¥
the flask~, wh:.ch was then left standing in the llght (40 watts
at 90 cm) for three days, when the' yellow bacterlal ceJ?ls

cgvezed the surface of “the ‘oatflakes., 3 $

ol (b) .An inoculum (10 om® ) of .the previous 2-day—old

culture ‘was added to 1 an’ of- the followl.ng medium in-a,3 dm3 X .

Ezlenmeyer flask: y

4.0 g

. . bacto Xptoné mxfco) - R
beef extract (Bovril) N 2.5g
. yeast extract (Difco) 2.5 9> . R %
g ; % 3 .od
2 xﬂ?md i ] . 12 g | 25
Na,HPO , . TH, o 5 . 24 g e

as shaken in the light (40 watts at 90 ém) for 2 dnys, i
after which time' the cells’ were sepatated by centrifugation at.

S 000 xpm for 2 min, dnd the ‘Tiguid medium vas decantéd leaving |
a yel;low mass oE cells. . B e 5

&

Cer'xnebacter'i\im sp. was %

A stock culture o:




tfhnsferred to the refrigerator and could be keptat least .

. 3.months before being subcultured.

Extraction of carotenoid pigments

-~ _(a) From cells cultired in Iiquid medium .
P s Ry tiacgdidow pells wete coliscted and stu:red briefly

with 'meehanol. Nitrogen was then bubbled through the solution -
to deaerate 1t, and‘ the mixture left tp stand, with occasional e

Yo 3 shakxng, in t?e refrigerator for 2 days. The’suspension was

futered and the residue :esuspended in methanol for an

% add].tlonui two days, when the. two methanol Extracts were
comb:.ned, and evaporated to ahout s volume under reduced

‘pressure at 35°. an -equal volume of gther was added and, ptteg

shaking, saturated brine wasjadded-antil the two layers .

separated. The mer_hanol layer was extracted a secand time with

an equal volume of ethex;, when it was vin:ua].ly coloux‘less, fnd‘ %

the two ether layers were combined and evaporated to about
quatter volume at 35° under redirced ptéssure. :,After drying.

over anhydrcus sodium sulphate,-: the ethet splution was . -

metrically = q.‘-‘laﬂ'mg.dm_; -éulture' ;

" (b) . From cultu:a on oatflakes :

& & 2 Approxxmtely 100- gm3 of water uas added cnrefully to!

‘each nask which' was tnh qently swirled: - The ‘bacterial Ge11h

were t‘here.by detached £rom the surface, of the oatflikes and, this o




G

i .
suspension was decanted, and centrlfuged ro leave“ yelldqw mads
of cells conta).m.ng a faxrly lcw percantage of ocatflakes. .The

extfactlon of the. p}qments wa‘*a then effected in thg same way as

descrxhed above. ", E 5 e o

Total carotenold content estlmated .spéctrophoto-

metrically = 0<25 mg/Elask. :

. The carptenoids extracted from hoth types of .medium

. }Qlere separated and* purlfled in the same way, bhii‘onily difference

ansmg in'the number of coloured bands obéerved on columm . '

chromatography. * Those coloured bands derlvéd from plgments in

‘the jostmeal were discarded mnd-will not be discussed further.

Column chromatograghy_ Co ® e m .

——— .
The orange ‘semi-solid residue was dlssolved m i

petrgleum ;ether and chrcma‘tographed on a 30 x 2.5 cm alumina
(Woe1m~ actxv:.ty 3) “column, us:.ng first petroleum ether (60-‘
80 ) and then petroleu ether contanung 1ncrea51ng -amounts of
acetone as the elutlng solvent.  The plg,l)\ents obtaitied from

the column-are sfown in Table. < o f
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from. an alumina (activity3) column

Table 4. Carotenoid pigments of Corynebacterium Species eluted .

; . |" " Blectronic absorption % of
N Pigment | spectrum in acetone (mm) carotenoid
petroleum— y ' s -
ether* it (a21), 458, (480) ;03
B 2 425, . 449, 471 - 0.7
. ; . - .
5% acetone in | ° . = g ;
pet. ether 3. ©o421, - 4s2, 473 7
12% -dcetone in | . . : B : )
pet. ether ¥ 417, 441, 471 12
16% acetone in 4 R ’ . .
‘pet. ethef 5 21, 440, i70° . 80
& o .

‘*petroleum ether 60-80°

( ) deriote shoulder

column chromatography of pigmentsi3 - 5

After.the initial separation of the pigments by olumn

cr;i:omatoqraphy, the solutions of pigments 3, 4 and 5 were

evaporated to dryness under teduced pressure at 35°, and each

residue wis dissolved in.the minimum volume of petrcleum ether.’

3

+ Each was chromatographed on a 20 x 1.5 cm’ colullm of

‘alumina “(Woelm; actl\llty 3, tirstly usmg getroleum ether and .

_then steadily increasing proportions of acetone’ in pettoleum #

ether, until each plgment was slowly eluted. ThJ.s requu’ed 2%

acetone for-pigmg_nt 3,

8% for'pigment 4, and 16% for pxgment 5.

j‘v
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. Thin layer chromatbgraphy (tlc) of pigment 5 - ¥
Y g frg silica gel/(30 9: Merck, acc. ‘to Stahl) was shaken

v with water (35 ey and 95¢ ethanol (35 om3), the resulting

‘slurry belng spread on 20 x' 20 cm or 5rx 20 cm glass«.plates

, - »‘ - usxng a Shandon spreader. After afr ‘drying for 15 fin, the

o : _plates were. heated at 110° for 1 h before being cooled and
stored in a desiccator. e e

“The sélution’of pignght's; obtained from solumh

chromatography, was evaporated to dryness at 35 \mder reduced X

pressure, and, the solid’ was dlSBDlVed in wlnimum guanuty

o of petrolein ‘ether.’ LI - \

This solutxon vas chromatographed: on the gilien gel

” plates using 25% acetone in’ petroleum ether as the develop:mg

B solvent. The_slnqle coléured band (Rf 0.40) was scraped from

the plate, the pigment eluted:by several!vas] ing5 with acetone,.

and the ‘solution, after filtering, was, /evaporated to dryness. .
e . % s, . N = ;

pgﬂ‘entf{ p, 2 : : .

- Crystalllsed £rom dry acemne-petroleum ether ‘as

iw - arange—-red needles m. «p. 149- 151Q (uncorr) . ‘Lits decaprenoxanthln
) o x 1534 155 (5). w7 ; { . e Fa, ¥
L. Aby orptu:ln spectrum in visible light: ) ! : . g ]
' 3 . ace‘to}ne maxina at {398)3 417, 441" (Elcm‘— 2200, - ' =
‘“ . & oy 7 1;"4',000) and 471 nm, % peak IIIVIF = 97 (Flg. 1) ndes . '
) ,deca;rénoxanthin maxima at ¢400), 419, 443 (E = 2840, e = ’

lcm

© 165,000) and 472 nm, . % peak III/II‘ = 101 (5) .




solvents is g:l,ven in Table 5.

féﬁle 5.. Electron;c absorption S| ectrum of

'l‘he absorptxon spectrum in the v:.sible regxon 1h other

dxfferent solvents

Solvent

‘Absorption maxima’ (nm)

petroleum ether
metRanol:
chloroform

. " pyridine ©

carbop, disulphide

(391), 412, 435, 466

4387) ,. 412, 436, 466

(400), 423, 447, 178 i
(41!2) ’ 423\ 451, ,483 '
(a12); 436, 464, 197

Inﬁrared spectrum

The 1nfraxed spectrum in chlotoform solution is ¢

recorded in Figure 4, abs. mak. 3570 (ou ;.3015 (conj. CH);™

2950 i 2350 (cH) 1655 1565

(con].‘double ponds) ; 1445 (CH): i

. 1378‘, 1367 (C}(‘, gem CH ), 1170, 1050 1003 (p!lm. allz},lc OH),

.Mass ' spectrum: . & .

970 (trans disubstituted double bonds): (19) cm

The*s] ectnjqﬂis. extremely similar to that repérted

for decaprerioxanthi

5) which Was recorded in a KBr [Sellet..

et R

A’ spectrum was. nbtamed usinq an AEL Hs-12 1nstru||\ent

m.th a direct mlet system and a probe temperature of 250°.

The spectrcscoplst ﬁemarked on the hzgh stablhty of the plgment

at'this temperature!







'

'

N\ ten 3 and a: heric pressure for 2h. After f;.ltratwn,

High mass-end lons were opserved.at m/e 704 (1'), 686 N

(M—H 0), 669 (M—H O-H O), 612 (M-92), 564 (M- 140)r 472 (M-92-140) .
The spectrum was extre‘mely smular to that reg,crted

“'for decaprenoxanthin (5). ' : |

‘Partition ratio of pigment 5: o % N "

The partitlon ratio hetween petroleum ether and 95%

methanol wal determlned in the usual manner (7), and was 32/68.

(Qecaprenox thln 32/68 (5) .)

L . . : .
. Bydrogenation of pigment 5 * b k e %

4 v Pignent 57(0. 3'mg). .was dissolved in ethy’l acétate -

(5 em®) %nd 108 pauadmm on charcoal (2 ng) was added. The

mxxture was stu:red magnetlcally .under hydrogen at room .

the ethyl acetate solution was colourless and there was' nc

absorptlon above 200 nn. ¢ i .

Acktiation obs Signent 5. ° -7
- . To p).g'ment 5740/1 mg) in dry pyridine (1 0 ond) was ¢
3

'
added acetw anhydrlde (0.2 <n

stand at rocm temperature, the course o,E acetylatlon bexng
‘folloved by thin Tayer chromatogx:a y “(Fig. 5) ; ,

L
S

‘Acetylation of isozeaxanthin > g i
* F %

.. Isozeaxanhhin (0.1 mg) "was acetylated ixnder the same

‘conditiofs as descubea above, the reéaction‘also be;l.ng folloved - .

by tlcﬂF:Lg s). A ol NG e BT
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and of isozéaxanthin on acetzlabmn- .

- =g i 71 B i
; - ~ o
P B . - :
” i olio .70 .
.55 .
.47 : i }
P - k o039 .
= ¢ - ' '
o a - .
v 0 . 30 sec 15 min (o] 30 sec 15 m:Ln
Pigment 5 Isozeaxanthxn :

Diagram to show the thin laxver Erogsrtles of Eigment 5,

o~

* In aniobher experiment 5 mg of pxgment 5 was acetylated, the

t m1xture be:.ng left’ overnight at rocm temperq‘ture when reaction

tof the dxacetate was complete4~

8

: f v
igment 5 monoacetate

The _electronic ‘spéctrun in acetone was identical w.\th

o thaI:‘of plgment 5,

hgment 5 dlacetate

" that of pigment 5.
. atX3010; 2950; 2915,

N

1600 (C=C-); 1430

850; 1735 (€= 0, unsaturated estér);

1020 (C-0 Df

aﬁetate) i

The elec.tronlc spectrum in acetone was 1dent'cal’ w1th
’l‘he ir spectrum in chlorcform showed maxima

1655,

f.

967 (trans i
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Trimethylsilylation of pigmerit 5 mon
o A spot of pigment 5 monoacetate in pe'trcIeum ‘éther’ was

-

applied to'a'silica gel thin thyer. "After the solvent had

evaporated, a.drop of Trisil (Pierce) wak apphed to ‘the ‘§13ot

" and after standxng for 1 min the excess ‘solvent’was evaporated

 off- using a hair dryer. 3% e R

The plate waschromatographed using 5% acetone in
petmleum éther and a slnqle ‘new less polar product (RE 0 35)

was detected. B
: .l g . I o,

Attempted trimethylsilation of pigment 5 diacetate

Trimethylsilation of plgment L. dxacetate “was attempted

- using the same method as fof the monoacetate. No new coloured
I R
)\ttemyted reduction of plg Et -5 by sodium borohxdrme

To plglnemh (0. 1,3 mg‘)" in 9 ethanol (2 cm ) was

“products were formed.

‘added sodium; borc ydnde .(4 mgq). - After 2 ‘h the solution was

dlluted to three times _n:s volume w1th water, saturated with

sochum chlon.de ind the coloured cumponent é’xtractedl\ntg(_eﬁyar.
. No new products were detected by tlc and the absorptmn sPectrum

was unchanged. recovery 86%.

Attempted allyllc dehxdratnm Of plm
(a) Pigment 5° (O 09 mg). was tteate with -0.05 ‘M i-l(fl

m chloroform (2 ml) for 0 5 h. No ies pol T productswgere




. E © L gtes .
Y - ; S 2 [

w2 AT (b)

When pigment‘ 5 (0.1 n\g) ‘was left in the light -
d1$solved in a satur:ated solutmn of HCl(g) T Cl-icl.3 for : K 5 h,

! no less polar compounds were deteqted by tlc, nort was ther; any o

“ % change 1n the ahsorpt.\on spectrum L : )

. o (e) . Pignent’5 (0.15: ng) was.dissolved in dry pyname :

(2 cmz)

nd phosphorus oxychloru}e (5.mg) ‘was added. " The

. cauld not be extracted into ether‘; Jﬂas”gvaporated tO\dryness‘at
50 under reduced pressure.

The lyellow compound Teft3 _had an

Rf ,value of 0. DO"When chromatographed on sxllca gel ’l:}un «layers =
. ) w1th acetone ‘as the eluting solvent. - o il L P
v i Treatment of the product thb 103 KOH in a water— .

o ethanol (11 ixture {5 .¢m ) ove:mghg at room t&mpe:ature




iidentical with pigment 5.

o . o .
Trimethylsilylation of pigment 5 monoaldehyde

Nickel peroxide was prepared by'the method of Nakagawa
et al. (11) and wasshov}n titrimetricdlly to have ansavailable

oxygen content of 3.4'x 1077 g-atom/g nigkel peroxide.’

mgment 1 (l.

mg) was dlssolved in a.solution: of
benzene (5 cm’) *and etherly(5 cmd) and nickel peroxide (20 *ng) .

was added. The solution was stirred magnetlcally at xdom

..(:emperature for 2.5 h then flltered and’ evaporated to drynegs

at 35°. T1¢-of the residue shgwed it 3:9 conraxn unchqnqu o
pigment 5 togethbr with two less polar products: the mono- (408)
and the dialdehyde (20%) derivatives., Rf values on silica
gel/5% acetone in petroleum ether: pigmént 5 0.06, momo-
aldehyde. 0.23, .d'ialdel}yde 0.56.

Pigmené 5 mcnr‘)ﬂdehxvde ) ’ T ¥

The electronic absorpt‘;on spectrum in the v:.s}.ble was,

identical with that SF pigment 5. N

Reduction of pigment 5 monoaldehyde

Pigment 5 monoaidehyde (ca'f.vso wa " was dissolved "ip

_ethanol (l cm’ ) and treated w1th ,sodium borohydr]_de (2 mg) for

10 m1n. The product had spegtrdl and thin layer properties

The compound was treated with Trisil on a silica. qel

thin layer,, as descubed prev:.ously, to y1eld one trxmethylsuyl

éther (RE ='0.83 on s:.llca gel/S% acetone in petroleum echer)




Pigment 5 dlaldeh de . - wt, . e . .
The eIectromc absozptmn spectrum :m the visible was
ldentxcal with that of pxgment_i. T

Reduction of Eigmen‘: 5. dia-laehyde Py . Y

. The compound (ca. 50 ug) ‘was ﬂlSSOlVEd in‘ethanol
(1 om’ _) and treated with sodlum\borohydnde (2 mg) for 10 min' .
The product had the same absorptxon spectrum and thin layer

propertxes as’ pxqment 5. . e
v LTy |
Attempted trlmethxlsllxlation of pi gﬁg nt 5 dialdehyde

. No trlmethyls).lyl ethers were formed when the compound

was treated w1th Trisil on a thin layer.

Pigment 3 %
: . o N ,
The electronic absorption spectrum was identical with

that of pigment 5, The infrared "spectrumv included maxima at

"3010 (unsat.CH); 1735 (C=0, estér); 1645, 1605 (C=C); and 967

(trans disubstituted C=C) ,qm-l. .
Aydrolysis® pigment 3 (,fj 3’

Pigment 3 (0.1 mg) was treated with a 10% solution of

pof hy ide in water-ethanol 1:1 (10.cm’). After being
_degassed by nitrogen the solution was left ovérnight in tHe' dark

at rcom temperature. The yellow product, whxch was extracted

‘



. '> > . :
. ¥os oy \ b
At‘te.mptsjd trlmethylsxlylatlon of p1«£l_|ent 3 - ®
o T g Nc new prqduct was formed - pigment 3 was treated

i
w1th Tr,lsll on a sxlxca gel t
. . Pigment 4
3 .7 pigment 4 had the ‘same electro’m.g_;gectrum as pigment 5.
. The ].nfrared spectrum in chlorofoim solutmn mcluded
" absorptlon maxima at 3570 3420 (OH) ; 3010 (unsat CH), 1730

(c=o0, ester); 1600, 1595 .(G=C); and 954 (erans disub, C=C) 'c‘ﬁ‘l.

Hydrolysis of pignent 4 + o .
’ " ihen treated with potassium hydroxide solution (see
' above) 2 yellow compound with spectral and thm 1ayer propertles
llke bigient 5 was given (Fig. 7). 3 : - o

Fig. 7. Thin laxer behavtour dJf E igments 3, 4 _and 5 before and

', after treatment with alcoholic KOH | .-~ .

“a (R Thin 1ayei: system: .silica gel G/22% acetone in

~. . petroleum ether (60-80°).
.

RE \. . _
1.007Z A g z lvent front

o
¥ Origin
; 5, 5
w after
KOH




r:mer_hglsxlzlatlcn of pigment 4 . i B T .
qument 4 was treated with Trisll on a silica gel thin

layer énd a single tz:uuthylsxlyl ether was formed.-

‘Extraction of DNA from E. coli,and.Corynebacterium SE:CXGS s 2 -
. = Cell’svbf E.. coli (3 q) and Coryneb;eterimn sp. (3.9),

which" had been obtained by centrifugatibn from the culture
me@mm, were extrac\:ed by the method nsed by . Mazmur (21) in
‘order to obtain ‘the DNA, . . S 8 :

L. B

Estimation of the melting point,of DNA from E: coli and’ by

Corynebat ‘fum_s| eeies‘ et v w -

(i) The method of Harmuz and Doty (18) was_ used to‘

detemxne the lnelting poxnt ('I‘m aﬁhe\h samples
in which the sal(np-)nq could be heated by circulating, water 7{om
Apr

-A/n, SP 800

a T ica 1led bath was utilised. .-

The DNA was dissoIved in 0.15 M sod;um chloride plus

0.015 M sodium ‘citrate and adjusted to approximately pH 7 to  °

give. a solution with an': of #p imately 1.0 at
260 mm. The absorbance was determined at 25°, at 70° and then

at, 5° intervals until the intenslty of the absorptmn at 260 nm .

'began to increase. - with a second sample an attempt to detemine

'l‘m more hccuruteiy was made by 1ncreusinq the temperature in

1 2b intervals over the melting range and at each temperature

allmunq t:en mxnutgs for hemperature equilibratxon before
.runni.nq the spectrymi- & ’“correction was made for a slight

temperature drop observed betvea'n the heating bati'l‘a’xjd‘thelcuvette...

-~ \ L, = I
5 d i . 4 ~ W

®



. e i
«. 1 . ‘At this salt.concentration Tm

h].qh to ‘make accurate measurements.

(ii) The concentzatxon of salts was 1oweted fo .

0.015 M sodium chl_cnde_ and n.qols M sodium cltrate,,“ and_the‘ -

Tm determined in the same way as described above. At this

concentration the' Tm was 72° for DNA f£rom E. coli and 69.5° for

. the quynebacterlum DNA (FJ.qs.'Ba and Bb)

The ™m for the

% c011 DNA is what would he expected
from the data of Marmur add Roty in thig salt concentration *

and, m‘aking the assun{ption that the E. coli DNA guanine pius

'cytoslne (6c) contehtqs 50% ‘as recorded ‘by Marmur and Doty,

use of

e



N

R g R R

L

-C . s .
nm-'%i th. temperature for DNA

Change in absorbance at 260

" extraéted 'from E. coli (Strain B, wild typé) (Fig. 8a) .

and Corynebacterium sp. (Fig. 8b) ;

Fig. .Ha - . B a4
.Absorbance - v sl wo
144 °
S
1.3 .
1.2 2
1.1 3 _— .
oy Lo ‘
Lo . .
a 60. .65 _ 70 75 80 % 4
¢ - °
4 N 1 a
o
h ’ !
o, N ;

‘65 70 - 75 w N
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