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_ies Concerning, the Biogenesis of Natural Derivatives of Lyser_ic Acidii

I_tle is known about the biogenesis of the side chains ferent incorporation data of 14C-alanine and HC-2-amino-

,'_flysergic acid (the prefix D is omitted) derivatives, and propanol into the side chains of I and II, indicating no
:;fl_eir biogenetic interrelationships. The carbinolamide direct relationship in the formation of the side chains

:nxoie_ty of lysergic acid c_-hydloxyethylamide (1) arises of the 2 alkaloids in vivo. The equivalence of the 2

probably from alanine or a closely related nitrogenous labelled compounds as precursors of the side chain of I
¢ompound l-'L ]t has been suggested that ergometrine (II) suggests that the incorporation of l_zC-alaninol may be

cOultl be a precursor of ergotamine (l I I)s. \Ve have tested a consequence of its conversion to pyruvic acid or to a

the ability of 4,5-aH-lysergic acid (spec. act-. 9.35 vie/rag) 6 related 3 carbon atoms compound. The much greater
mid of 4,5-aH-ergometrine (4.22 lxc/mg) 6 to act as inter- ability of _C-alaninol to be a source of the side chain

mediates in the biogenesis of the alkaloids in C. paspali carbon atoms of ] I, as compared with _aC-alanine, indi-

and in C. purpurea, as well as the efficiency of L-alanine- cates that alaninol is probably, the direct precursor of the
IJ-_C i57.7 [xc/nlg) and of L-alaninol-U-l_C " (0.95 izc/mg) 7 same residue in II. If this is true, the small value of the

a_ precursors of the side chains of I, lI, and of the incorporation of _aC-alanine into the side chain of II,

u-hydroxy-_-aminoacid tragment of l lI and of ergo- i.e. into endogenous L-alaninol, suggests that the latter
lra-yptine (IV).

Strain 22 of C. paspali produced from 75 up to 135 ix31
of tysergic acid de,ivatives ([ and II, the latter being
5--10_/o of the total alkaloids produced) per flask con- Table I. Incorporation rate of label froth u-a!anine-U-_C and from

taining 50 ml of the mannitol-ammonium succinate I.-alaninol-U-_aC into the alkaloids by C. paspali strain 22, arid

medimn 8. aIt-Lysergic acid (5 mg per flask) was effi- specific activity of tim degradation products

ciently incorporated into the alkaloids t_9--5°,.o of dose).

Upon feeding of aH-ergometrine (5 mg per flask) the Prec,drsor Dose Alkaloids Acetaldehyde Ala_,inol
incorporation rate of tritium into lysergic acid amide (txc/flask) D:lI i.r. o,0 ([zc/mM) (De/nil/)
(obtained by degradation of I, followed by paper and

thin la.yer chromatographic separation from aft-ergo- _'_C-alanine 20.00 124 2.13 0.90 (45) _ 0.39 (1.9)
metrine) was, in 3 experiments, in the range -oo/

2.0-o._/o. _C-alaninol 0.18 135 2.91 0.012 (5.6) 0.06 (33.9)
When non-radioactive lysergic acid (5 rag) was fed to-
gether with atI-ergometrine, the incorporation of tritium

was 1.1 _/o of the dose, while free lysergic acid, as recovered _ Specific activity expressed as percent of dose.
at the end of the fermentation and purified by chromato-

graph 3, on silicic acid and on paper to constant specific
radioactivity, contained 2.8°_ o of added tritium.

V_hen _C-alanine or _C-ala_iinol were added to the Table II. Incorporation rat(' of the label from L-alanine-U-l_C and
from L-alaninol-U-r4C into the alkaloids produced by strain 275, and

cultures on the 3rd day of fermentation, different incor-
specific activity of the degradation products

laoralion data into the side chains of 1 and II were
obtaimed (Table I). Acetaldehyde was formed by degrada-

tion of I and isolated as the 2.4-dmitrophcnylhydrazoneS. Precursor Dose Alkaloids l'yruvie Dimethyl-
L-Al_tainol was obtained by hydrolysis of II with 6N (De/flask) lx.,lI i.r. % acid pyruvic

hydr_en chloride and purified by paper chromatography (btc/mM) acid
tO ctmstant specific radioactivity. Alaninol was deter- (De/raM)

mintml colorimetrically by the 1.2-naphthoquinone-4-

sultoJate method". _'iC-alanine 20.00 63 1.32 1.34 (6.7) • 2.26 (11.3)

St_in 275 of C. "/2urpurea produced 60 100 iz,lI of a _C-alaninol 0.69 93 1.93 0.082 (11.8) 0.078 (I1.2)

mixtmre of the 2 epimeric pairs ergotamine-ergotaminine

(75_) and ergokryptine-ergokryptinine (25°o), per flask , Specific activity expressed as percent of dose.
contt, ining 50 ml of the sucrose-anm_,onium citrate me-

dium _°. Upon feeding of UH-lysergic acid (5 mg per flask)

a considerable incorporation (15.8_0 of administered
radilmetivity) was found into IIi arid 1\ r, both alkaloids

sho_ing the same specific activity. However, when all- _ S. AGURELL, Acta pharm. Succica 3, 23 (1966).
ergometrine (5 mg per flask) was fed to the cultures, no : S. AOUR_LL, Acta pharm. Suecica 3, 33 (1966}.
incorporation of tile label was fotlnd although a measur- s N. CASTAGNOLIJR. and A. ToxoLo, IN hitern. Congr. for Micro-

able amount (3.5°/_,) of _H-ergometrine appeared to be biology, Moscow 1960, Synlposia, p. 31.

present in the mycelimn at the end of the fermentation. _ If. G. F_.oss, H. GOXTHER, D. GR6¢_;S;Rand D. ERG_:, Z. Natur-
A good incorporation of the label was found in III and forsch. 21b, 128 (t966).

IV when l_C-alanine and 14C-alaninol were fed to cultures a 1_. VOIGT and 31. BORNSCIIEIN, Pharnmzie 19, 772 (1964).
G. P. VICARIO, M. Dum.xI, A. M_XG*t_:rTI arid F. ARC._5iOXE,J.

of strain 275 on the 3rd day, of termentation. Pvruvic label. Comp. 3, 492 (1967).
and dimethylI:yruvic acid, formed from the _-hydroxy- : t). B_LLA, Proceedings of the 2nd hit. Conference on .Methods of
_t-anlinoaeid fragments of ergotamine and ergokryptine Preparing and Storing Labelled Compound, Brussels, Nov. 28,
on alkaline treatment _, were isolated as tire 2.4-dmitro- 196(3, p. 107.

phenylhydrazones and purified to constant specific _ F. ARCAMONE, l{. I}. CtlAIN, A. tTEI_RETTI, A.._IINGtll-;TTI, l'. PEN-

activity by chromatography on silicic acid and on paper _. ._._H.a, A. TOXOLO and L. VETO, Prec. R. See., Section B 15:;, 26
The results are shown in Table 11. (1961).

It seelns unlikely that lI be a precursor of l, because _ E. O. Scm,,iti, i, Ind. Eng. Chem. Anal. t'd. 11, 99 (1939).
10 A. _l. AM1CI, A. _IINGHET'II, T. SCOT'H, C. _PAI.LA alld L. TOGNOI.I_

of the lower incorporation rate of :_tt-ergometrine into 1 Appl..Microbiol. 15, 597 (1967).
(as compared with that of at i-lysergic acid), and the forma- H S. S_tixit and G..M. "l'_xtsils, J. chem. Soc. 396 (1937).
tion of aH-lysergic acid froln aH-ergometrine during the _-"1). C:tvai.Ltxr, N. I:RONT.tLI and G. ToscH L Nature 163, 568
fermentation. This conclusion is supported by the dif- (19.t9).
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compound does not arise directly from the 3 carbon Riasstlnto. ])all'esame della incorporazione di possibili
atoms traits such as alanine itself or pyruvic acid. The precursori negli alcaloidi prodotti da C. paspali e C. pur-
origin 0f this molecule is unknown, although it could purea risulta che non vi _ lma diretta correlazione fra la
take p_cebydecarboxvlationofanhvpothcticala-methyl- biogenesi delle catene lateral i della ergometrina e della
L-serine, which has been found in nature as a constituent _-idrossietilammide dell'acido lisergico, e che l'ergome-
of the' molecule of the antibiotic amieetin la, and which trina non _ tin precursore dei derivati peptidici dell'acido
has been shown to be non enzymically decarboxylated lisergico.
by pyridoxa114

II is not an intermediate in the biogenesis of III and A. MINGltETTI and F. ARCAMONE
IV as can be deduced by the lack of incorporation of
_H-ergometrine, in contrast with the high incorporation IsHtuto Ricerche, Farmitalia,
rate of aH-lysergic acid. The relative incorporation rates 31llano (Italy), 37 3Iarch 1969.
of 14C_alanine into the c¢-hydroxy-ct-aminoacid fragments
of III and IV would be in agreement with the proposed
mechanism of the formation in rive of the corresponding

non-hydroxylated aminoacids xs. However, the efficiency n E. tt. FLYNN, J. }1. t'tINMAN, E. g. CARON and D. O. \VooLF JR.,

of _aC-alaninol to act as a source of the carbon atoms of J. Am. chem. See. 75, 5867 (1953).

these fragments suggests that the formation of the said _ G. D. NAL_'ANKARand E. E. S:¢ELL,Biochemistry 1, 594 (1962).
cc-hydr,oxya_-aminoacids in vivo may follow a different _ H. S. ALLA,_OEENand T. RA,XtAKRtSHYAr_,Arch. Biochcm. Bio-
route, phys. 125, 199 (1968).

Temperlture and Acidity for Maximal Fluoresce-ce of Serotonin and Serotonin-O.P.T. l

t

NumerOus techn}'q'u._s are available for the determina- blanks were then divided into 5 fractions and i_efrigerated
tion of se_toninl; taox_;_rer, fluorometry has emerged as at 4°C until tested.
the techniltue of choice due'to its inherent sensitivity and Fh_orometry. In sequence, a single set of 13 or 12 1
selectivity 2. The most commbnJy employed Iluorometric samples and blanks represent!ng the entire normality
method is that of I_OGOANSKIet al.a; however, recently ranges of the direct and O,P.T. series were placed in a It
_{AICIgF_L_nd MILLER 4have reportdd increased detection waterbath to bring the tubes to the desired temperature
sensitivit3r after reaction of serotonin standards with (5-50°C range). The waterbath was connected to the
o-phthaldialdehyde (O.P.T.). The fluorescence of a corn- flow-through compartment of the S.P.F. cuvette housing _
pound is profoundly influenced by tile temperature and to maintaia temperature. Dry, filtered nitrogen gas was |
pit of the solution read s. Control of these 2'parameters used to continuously flush the cuvette housing to reduce _
will result in greater method sensitivity and precision, condensate formed on the cuvettes at low temperatures _
Since no detailed data are available in the literature and t0reduce optical scattering. Samples were permitted ,_
describing pH and temperature effects on the flnorescence to eqtiilibrate in the waterbath for 5 rain prior to fluoro-
of serotonin or serotonin-O.P.T, these were studied. . merry. T

Inslf, umentafion. Fluorescence was recorded by usin_ Reszdls. Serolonin-direct. Results corrected for indi-
a spectrophotofluorometer (S.P.F.) G. Activation wave- vidual blanks (Figure 1) indicated that (a) maximal 1,

lengths were 295 nm and 360 ran, respectively, for the serotonin fluorescence was achieved at an acidity of i
serotonin-dircct and serotonin-O.P.T, methods. Vv'ave- 3.25-3.50NHC1; this was found to be independent of
lengths versus fluorescence diagrams (spectra).were re- temperature. (b) There was an inverse relationship be- i
corded7 from 200--800 nm. Serotonin-directat_dserotonin- tween _.emperature and serotonin fluorescence for all
O,P.T. fluorescence were read at 545 nm and 470 nm normalities tested. At the normality of maximal fluore-
wavelengths, respectively, cence (3.5N HC1), this relationship was exponential

Experimenlal, serotonin-direct. 13 a.nalytical duplicates between 5-20°C (Figure 3). At temperatures greater than
of serotonin standards were prepared from a 520 ng/ml 20°C, this relatSonshi p was no longer linear due to
standard in 0.003N HC1. 5 tall al,iquots were diluted with serotonin destruc_iQn. In support of this, the curve
4 gfl00 ml (w/v) ascorbic acfdl, double distilled water obtained from samp're_ at 50_C (Figure 1) was irregular;
(D.D,W.) and cone. HC]. Final concentrations obtained this irregularity was g_i]l present when these samples
were 200 ng/ml serotonin, 5.6 × 10-a_l/ascorbic acid and were cooled and reread ag 20°C.
graded normalities from l.50-6.00 HC1. Individual blanks "
were also prepared containing 5.6 × 10-a._I ascorbic acid ,
for each normality. Each of the 13 standards and bhmks
were divided into 8 fractions and refrigerated at 4°C
until tested ......

Experimen'lal, serotonin-O.P.T. 12 analytical duplicates ' S. GAmtTrt,_t and L. VALZELLI, Serolonin (Americau Elsevier
of serotonin standards were prepared from a 1560 ng/ml Publishing Co., lnc,, NewYork 1965), Chap[er 2, p. 9.
standard in 0.008N HC1. 1.59 ml of this standard were 2 R. "1".V_rlLLfA3,ISand J. W. B_H_GES,J. olin. Path. 17,371 (1964).
diluted with 0.4 nil of 0.05 g/100 ml (w/v) O.P.T., D.D.\V. _ D. F. BO_,A._SKt,A, PnErscnzg, B. B. t3_ODtEand S. Uov:s-
and i0N tIC1. Final concentrations obtained were _mF.SD,J. Pharmac. exp. Ther. I17, 82 (1956).

4 R. P..XlAtCKSLarid F. P. 3hLLVg,Analyt. Chem. 38, 1937 (1966).
200 ng/ml serotouin and graded normalities of I-1C1 from P,. F. C_i_:s,Analyt. Biochem.'20, 339 (1967).
4.50-7.50. Individual blanks were prepared from 0.008N _ American Instrument Co., Inc., Aminco-Bowman, 8030 Georgia
HCl and were treated similarly. Specimens were corn- Avenue, Silver Springs (.Maryland 20910, USA).

ptexed with O.t'.T. a. Each of the 12 standards and r Honeywell 320 Solid State XY Recorder.


