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SUMMARY ,
~ During recent years lupin alkaloids - as well as alkaloids
of other species - have been investigated very intensely. The
results obtained yielded much valuable informations about their
chemical structure, patterns of biosynthesis and metabolism,

- quantitative changes during plant growth etc. However uwp till

now the physiological role of these compounds in lupins /ox

" the role of the processes leading to their synthesis or decom-

position/ is uwnknown. Therefore further investigation in the
field of: a/ identification of alkaloids occurring in plants
often in traces, b/ their interconversions and metabolism in
general and ¢/ their rate of bicsynthesis during plant growth
and the influence of different factors on this process can be
of a great help. .
These problems ave important especially in the case of
,lupinsx/ /fodder varieties/ because - among other things = the
toxicity of various alksloids is different /sparteine> lupani-

pe »  hydroxylupanine/,

I

In the reported experiments: 1/ transformations of alkaloids
characteristic of bitter and fodder white lupin plants, 2/ iden-
tification of some slksloids occurring in bitter plants and
3/ the role of aerial parts in the alkaloid synthesis during
their greatest acecumulation in the bitter plants were investi-
gated, ' : :

ad 1/ Enzymatic extracts from bitter as wsll és fodder plants
of white lopin ave able to transform sparteine, lupsnine, hydro-
xylupanine and angustifoline, l.e. alkaloids charactevistic of

' the species investigated., The itransformations are catalysed by

dehydrogenases, pregent im extractis., The optima of temperature,
pH, substrate concentration etc., for the aectivity of extracts

‘from plants of both investigated varietise are analogous. The

products of transformations of investigated alkaloids were the
same in extracts from fodder and bitter plants, i.e. dehydro-
forms of the incubated bases. These facta show, that the ex-
tracted active enzymes from plants of both varieties are very
similar. Some alkaloids which were not till now found in white
lupin, like lupenine, i7-oxosparteine, 17-oxolupanine, did not
ggdergo any changes in the extracts from plants of both varie-
es,

x/ We are working mainly with white lupin becsuse the variabi-

1ity of the populations investigated is not so great as in
Lupinus luteus or angustifolius. Therefore = among other .
things = the differences in the plant weight, alkaloid con-
tent between the replications are not very great. We have-
carried out many experiments with Lupinus luteus, but because
of great differences between the replications we could not
draw any conclusions, gtatistically proved, Some other diffi-
culties occur with Lupinus angustifolius. It seems to us that
the new forms of L. luteus and angustifolius we have recently
received are less variable.
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In order to understend better the patterns of alkaloid .
interconversion in white lupin labelled / rediactive/ sparteine,
lupanine and their dehydroforms obtained im vitro /thenks to
transformations by enzymatie extracts/were introduced into

- plants of bitter and fcdder varieties. It must be added that

" the alkaloid spectrum of the two verieties /at least at the in-
vestigated stage of plant development/ differs somewhat from
each other mainly in the frection whichxyhromatcgraphically
behaves like a base called multiflorine™’; this alkaloid occurs
in relatively large amount in bitter plants, but it could not
be found in the fodder ones.

The detailed analysis of the investigated plants 2, 24 and
96 hours after injection « in addition to the results obtained
in experiments with enzymatic extractes - permit the aseumption
that the general pattern of alkaloid transformetiop im white
lupin is as followss - .
alkaloid ~—2 dehydroform —3 another alkaloid

nénalkalbia‘cqmpoundé _
and the interconversion of the investigated alkaloids proceeds:

sparteine (:[E;() |
ey ,

dehydrbspartein&ff?”f} multiflorinexx/ /bitter‘variety/

v
lupan%Pe

dehydrblupanine

hydrbxylupaﬁinej-mn% hydroxylupanine ester
OH . : -l . :
detydrohydroxylupanine

This scheme does pot“include‘all alkaloide present in white
lupin, alkaleids, which may play am important role im the inter-
conversion processes, .

According to some hypothesis a reverse direction of intercon-
‘version was postulated. One of the main argument of this hypothe=~
sis was the fact, that the cccurence of sparteine im Iupinus albus -
/as well as in angustifolius/ wee not fully proved.
ad ?/ Therefcre we tried t%xgyamine the bass occurring in vege-
tative parts of white lupin s which behaves chromatogrephie-
cally like sparteine. It was proved by Infrared spectrometry ana~
-lyses that this base is identical with sparteing,fnot ouly in
bitter but also in, fodder white lupin plants/. Ite occuryence in
small amounts especially in bitter plents can be a result of a
very high rate of transformatiom of this alkaloid, Imn eddition

vl

xx/ it 1is possible that this is not the only way of multiflo-
rine formatioxr :/in bitter plants/ "

xxx/ we could not f£ind this base in seeds. e

.
»
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we showed thats: &/ another alkaloid, present im bitter white
lupin is hydroxylupanine ester identical with hydroxylupanine
egter occurring in fodder plants, b/ hydroxylupanine in side
shoots of bitter white lupin is identical with hydroxylupani-
ne, isolated from seeds of Lupinus angustifolius /in our
previous investigations we have proved that, hydroxylupanine .
in bitter white lupin seeds is identical with the hydroxylu-
panine from L.angustifolius/. However this hydroxylupanine
geems to,differ gsomewhat from the hydroxylupanine, isolated
from vegetative organs of fodder plante of lupinus albus
/investigations are going on/e \ :
) In our previous as well as in the reported investigations
' we have based our conclusions on data showing transformations
~of alkaloide introduced into plants, But these data could have .
~been considered as not fully certain because they reflected
nmainly changes of compounds introduced and not exactly the,
changes of alkaloids formed in situ. Therefore we tried to
. obtalin some informations.about the interconversion of investi-
gated alkaloids on the basis 1/ of alkaloid content changes
in plants during their development and 2/ of the total and
spe@ific'%@tiviﬁy of some alkaloids in plants exposed to la-
belled /C14/C0s, The vesults obtained rather confirmed our
assumption that the interconversion of investigated compounds
proceeded from lower to higher levels of oxidation,

ad 3/ It was shown in our previous experiments that the
greatest total alkaloid accunulation in bitter white lupin
plants /eimilarly to fodder oues/ cccwrs ducing & relatively
short time after the beginning of side shoot fiowering, ~
Accordinig to the results of the reported investigations a/ at
this time the side shoots are mainly responsible for the alka-
- loid synthesis /70-90% of the alkaloid inevaement/, b/ at the
later stages of growth the total alkaloid content in plants
does not undergo any marked changes. This is im all probabi-
1ity the result of inhibition of gynthesis as well as of de-
composition of the investigated compounde, ¢/ the azeing
process of leaves brings about a diminishimg in the rate of
. alkaleild synthesis and d/ the pods.are not asble to gynthesie
v alkaloids, the stem of the main shoot shows this capacity dbut
_— to-a very small degree, - '

, These resulis draw our atdtention mainly to the side shoots
- of the investigated plants. The alkaloid precursors and pro-
. ducts of their metsbolism will be investigated with special
reference to these plami parts. The results obtained may be
of some importance especially for plant breeding wowrk,

‘ DETATLED REPORT

IafEn%%maﬁié transformation of lupin alkaloids /Lupinuﬁ
albus/. . .

Several years ago only two alkaloids characteristic in
the bitfer forms of lupinus albus and angustifolius were
known /identified/, i.e. lupanine and hydroxylupanine,
During the last years great progress was made in investiga-
tions on the alkaloid content inm the two species. In seceds

\
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of bitter white lupin - besides the two aforementioned bases
- angustifoline, multiflorine, albine, hydroxg?ultiflorine,
dehydrohydroxymultiflorine were identified; the latter three
alkaloids occur in seeds only in traces. ,

At out laboratory: a/ in extr7cta from aserial parts of
bitter white lupin multiflorineX/ nvdroxylupenine ester™’s
sparteine®™/ and an alkaloid, which in all probability is
dehydrolupanine were identified; b/ in extracts from aerial
parts of a fodder population of white lupin sparteine, lupa-
nine, hydroxylupanine, hydroxylupanine ester, angustifoline
were identified; the occurrence of three other alkaloids

was established; the first one is probably dehydrolupenine,
the second behaves chromatographically like multiflorine

but differs from the latter in UV; the third one has a double
bound C=C and can be reduced to sparteine, but it is not A-o=-
dehydrosparteine,

According to the hypothesis of Sh8pf /1951/, Mothes /1955/,

_Hegnauer /1958/ the interconversion of lupin ‘alkaloids proceeds
from lower to higher levels of oxidation /e.g. lupanine ——
hydroxylupanine . Wiewidrowski and Reifer /1561, 1962/ postu-
lated a reverse direction in this interqonverqéon /angusti-~
foline..,==» hydroxylupanine...=-» lupanine...>== sparteine/,
It must be stressed that the toxicity of various alkaloids

is different /sparteine > lupanine » hydroxylupanine .

Up till now lupanine has been considered as the main /domi-
nant quantitatively/ alkaloid in bitter as well as fodder
white lupin. If the hydroxylupanine ester is taken into account
the total amount of hydroxylupanine in plants may sometimes
even be equal to the content of lupanine /the total content
of alkaloids is till now the main criterion for “sweetness"/.

Our previous investigations on alkaloid metabolism in
fodder and bitter forms of lupinus albus indicated, that spar-
teine /injected into the plants/ could be converted = among
other alkaloids = to lupanine, and lupanine to hydroxylupanine,
But 1/ the identification of these compounds was based only on
paper chromatography results; 2/ the intermediary /dehydro/
products could not be isolated., The main aims of the reported
investigations weres a/ to obtain enzymatie extracts from
bitter and sweet populations of white lupin, extracts which
might be able to transform lupin alkaloids; b/ to isolate and
identify the products of enzymatiec transformation in vitre of
some alkaloids characteristic of the investigated species,

3/ to investigate the patterns of transformatiom of sparteine
and lupanine §and of the products of their transfoymation im
vitro/ in plants of bitter and fodder white lupine, 4/ to
compare these two forms as regards the character of alkaloid
interconversion in vitro and in vivo,

x/ multiflorine - called by us previously ay
hydroxylupanine ester - called by us a, or /oxylupenine ? /;

xx/ previously idéntified only chromatographically. Sparteine
and hydroxylupanine ester will be discussed latter.
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temperature = fyrom 0 to 6 ‘
" tration /of sparteine, lupanime, hydroxylupanine/ from 0.1 6

' P Ty 20 Y
FOR ARFIAL USE B

: ExperimentalAﬁr@@eduress A. Enzymatie extrscts were obtained
from the aerial parts ol 3-4 weeks old plants of fodder /var,
Przebedowska/ snd bitter /var.Cezsehmicka/ populations of lupi-

-nus albus, Among various applied methods of extraet purifieca-

tion the method of extractiom of seeton powder with phosphate
buffer followed by fractionated proteim sedimentation with
/NHg /250, was chosen for further experiments. These extracts
showed a?ter dialysis ths highest enzymatic activity = 3.6 4l
of transfermed sparteine per 1 mg of protein per hour Jextract
obtained in other ways - 0,13 = 0,22 ul per 1 mg of protein
per hour/., The rate of transformation of lupanine was about
30 and of hydroxylupanine sbout 60% higher. The results were

. the same for extracts from bitter as well as from fodder plamts.

The influence of temperature, pH, of inhibitore and activa-
tors, of the comecentration 8f substrates was investigated; .
0°Cs pH = from S5 t0 9, the comcen-.

13 WM in 1 mls inhibitors and asctivators /sparteine or lupa—
nine/schloridess Na%*, Ag¥, Ca®¥, Ng¥*¥, Mn¥t, Cot¥, Zntt, Cuts, -
Hg** and Bg*¥; NaF, CaF, Hp0p, NazhsOp, KUN, NaNj in conc.
10°5to 10°“M. The influence of ATP, ADP and DPN was algo inves
stigated. o _ o ‘

ubstrates: sparteine, lupanine, hydroxylupanine, angusti-
foline, multiflowine, 17-oxosparteine, 17-oxclupanine, hydvro-
xylupanine ester and lupinine, ' ,

B. 1/ The transformation of sparteins, lupanine and hydroxylu-
panine by wpurified enzymatic extracts from bitter and fodder

‘plants of Tupints elbus., Aydroxylupanine was applied im Jlabelled

torm /C14/ after 16 hrs of ineubation with buffered extracis,
the soclvent wes eveporated, the residuwe dissolved im 75% ethanol
and chromatographied /paper chromatogrsaphy/ with n-butamol s
HCls toluen., The paper was cut in strips of 2 te 4 mm in width,

- elugted, the radlocactivity amd alkaloid content in each eluate

was determined; 2/ upurified enzymatic extracts were obtained
from aerial parts /5'g/ of Phassolus vilgaris, Vicia faba, Nico-
tiana glaueca, Zea mays, Spinacea olerscea and Lupinus luteus -

" their sctivity /sparteine as substrate/ was compared with the

activity of an analogous extract cbtaimed from plants of fodder
white lupin, :

Co Ydentifieation of products of enzymatic twransformation in
vitro of some lupin alkaloids. Spaviteine /300 mg/ was incubated
with a purified enzymatic extraet from bitter white luping the
produet of transformation after separation on a celulose column

- /acetons in HC1/ was investigated chromatographieally, in IR=

spectrometer, crystallized as picrates /I/, m.p. determineds
reducad with Hp /P¥02 in {2n HC1/, 10 mg of the base /picrates/
cbtained from sparteine incubated with an enzymatie extract
from fodder white lupin was added te 10 mg of picrates I and
the depression of the m.p. was investigated. Te 1 mg of T-label-
led product of enzymetic transformation of sparteine /in extract
from fodder plante/ 10 mg of unlabelled product, obtained after
incubation with am extract from bitter form, was added. After
crystallization /pieretes/ the specific vadicactivity was deter-

mined /erystalls and soluvtiom/.

FOR OFEICIAL USE oY

Declassified in Part - Sanitized Copy Ap‘proved for Release 2013/09/06 : CIA-RDP80T00246Ab21000010001-6



Declassified in Part - Sanitized Copy Approved for Release 2013/09/06 : CIA-RDP80T00246A021000010001-6

- 6 =

A similar procedure was applied in the attempts of identifi-
cation of products of enzymatic transformation in vitro of lu-
panine /labelled with C14/, hydroxylupanine and angustifoline.
Products of enzymatic transformations of lup#nine, multiflorine,
17-oxosparteine, 17-oxolupanine and of hydroxylupanine ester
were investigated only chromatographically and in UV,

D. Biosynthesis of 014 and T=labelled lupin alkaloids: 0.1 M
water solution of 1-Cl4-cadaverine /total activity 1 mc/ was
introduced to 10 plants of the bitter variety /0.5 ml peyr plant/
at the stage of bud formation, In the same way 5 mg of H’=gpar-
teine /total activity 687.5 mc/ was introduced to other 10 plants.
After 10 days the alkaloids were extracted, purified, separated
/column chromatography/, and sublimated or distilled in vacuo

gt 10”31‘0

Lupanine = twice crystallized from n-hexane; to 1 mg of 014~
Tupanine 19 mg unlabelled lupanine was added, twice crystallized,
specific radiocactivity determined.

%%%gg¥ylupanine fraction - in order to eliminate dehydro}upanine.
8 fraction was sublimated four times at 145°C and 10=°7;
before sublimation 100 ug was reduced with Hp and the dehydrolu-
panine content was determined /hydroxylupanine gives hydroxyspar-
teine, dehydrolupanine --% sparteine/,

Multiflorine fraction /whichomay contain dehydrosparteine/was
distiIled between 145 to 166°C at 10~3T; the specific radioacti-
vity of particular fractions /5°C differences in distillation
temperature/ was determined,

Angustifolines twice distilled to 170°C at 107°T,
Hydroxylupanine ester - twice distilled to 165°C

Sparteine - /only T-labelled/ = after elution from the celulose
column -. was dilutsd with 15 mg of unlabelled sparteine. After
distillation at 98°C radioactivity determined. From T-sparteine
after incubation with an enzymatic extract from foqier lants
T-dehydrosparteine was obtained., In the same way C'4=dehydrolu-
panine was also prepared.

2 T gas flow counter /frqﬂ the firm Frieseke and Hoepfner/ was
used, Its efficlency for C'4 was 35 and for T = 2.2%,

E., Transformation of sparteine and lupanine in vivo.
1/ Identification of dehydrosparteine and dehydrolupanine in
plants after injection of sparteine and lupanine.

a/ Dehydrosparteine. 50 plants of the fodder population
received %5 mg of sparteine /per plant/ as sulphate . ' »
After 14 days alkaloids were extracted. The fraction of Ri of
dehydrosparteine was chromatographied /on celulosg column/ with
aceton: 1n HCl; the alkaloid was distilled at 120°C and 10-37

and compared in IR spectrometer, chromatographically and chemi-
cally with the product of enzymatic transformation in vitro.

A part of the fraction was crystallized as picrates with T-dehy-
drosparteine /1:1/ and the specific activity was determined.

b/ Dehydrolupanine. 2 mg of 014alabe11ed lupanine were in-
troduced info 3 plants of the fodder variety. The plants were
killed /=60"C/ after 2 hours. Alkaloids extracted, chromato-
graphically separated., The fraction of Rf of dehydrolupanine
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/the same Rf ‘as the RPf of hydroxylupanine/ was eluted, radie-
activity measured; reduction with Hy/2n HCL and P%0p/. Products
0f the reduction = after addition of a small amount of unlabel-
led sparteine -~ separated chromatographically and their radio-
activity determined, . - : v

2/ Products of transformation of T-gparteine, 6141upanine and
theilr dehydroforms in plants. Inte 49 days old plants of the _
bitter and fodder population of Lupinus albus H-=-gparteine,
014'lupanineﬁand their labelled dehydroforms objained enzyma-
- &ically in vitro 'were introduced., The amount ofinjected alka=
loid varied between 0,1 te 0,5 mg per plant in the fodder and

03 = 3 mg in the bitter variety.

The plants were analyzed after 2, 24, 96 hrs., The alkaloids
extraected, geparated on paper, elubted, radioactivity and con-
tent determined, The fraection of Rf of dehydrosparteine. /the
same R as the Rf of multiflorine in bitter and ayx in fodder
var,/ transferred into chloroform, heated for 3 min to b.p.
After evaporation of chloroform the alkalolds were sublimated
40 1459, activity and quantity determined. The differences '
between the results before and after. sublimation indicate the -
amount and the activiiy of dehydrosparteine. The fractions of
radicactive lupanine /T-labelled/ was investigated by means of
isotope dilution with unlsbelled lupanine., The fractions of Rf
-of dehydrolupandne from plants, which were injected with C14-
alkaleid,was reduced with Hz, .

Fo 1/ Synthesis of 1-C'%.cadaverine -
150?4=cadavérine_was obtained /at micro-scale/ us follows

VW, C1 H4PO OH,ONe M4y -
1 Bac'bo, ——i ko'l —2 4y polby —2 %, WeCW

. ?4 g . nr_,\ L% ‘14 .
II NaC "N + BTOCHéoCﬁQQCH2°CN - NgBy + C ECH?oGHQoCHQOCN

Ty - —_ 2 Ahe »
IIT  C' N, CH, 0 CH, o CH, 6 ON P> VipeC 4EQOGH2°GH200H2°CH2NH2

the. obtained cadaverine was purified; crystallyzed; the m.p. and

activity determined,

2/ Preparation of 1> m\sparteiﬁee

25 mg, of unlabglled spariteine /chloride/ reacted with C.5 ml
THO /with Adams red.catal./ at 100°C for 48 hrs. THO having been
distilled, 1 ml Ho0 was added and afterwards distilled, this
procedure was repéated four timesd. The residue was dissolved in

5 ml 0.5 n NaOH, filtrated through glass fiber and heated at 95°C

" for 10 min., The solution wes cooled t@vigcg aparteine extracted

with echloroform, which afterwards was distilled off., 5 ml 0.5 n
HCl was added and again heated. Hi-gparteine was extracted with
chloroform —--3: evaporated; 5 ml 0,5 n NaOH added and the
described above procedurs was repeated five times, the radicacti-
vity of each chloroform extraet having been determined. T-spar-
teine was twice crystallized as -pierates, afterwards converted.
inte chlorides. To 0.5 mg of labelled sparteine 25 mg of unlabel- ,
1§d §parteine was added, crystallized and the radicactivity deter~
mined, ‘ v '
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Results: I.Enzymatic transformations of alkaloids in vitro.

The optimum temperature for the enzymatic activity of extracts
from both investigated populations lies for sparteine beiween
30-459C, for lupanine and hydroxylupanine 25-400C, At 57C the
activity accounted only for 25% of its maximum,

The optimum of pH renges between 6,6 = 7.7 for the three inve-
stigated substrates, the extracts from bitter plants reacted
to the changes of pH similarly as the extracts from the fodder
ones. Under optimal conditions of temperature and pH the in-
fluence of alkaloid concentrations was investigated. The opti~-
mum of sparteine concentration was 2 - 4.5 of lupanine conc.

2 = T.4 of hydroxylupanine conc. 3 = 8yuM/ml - in both kinds
of enzymatic extracts. In further investigations /quantitative
'in character/ 3 ,ull/ml of particular alkaloids wae used.

Inhibitors and activayors: Nal and Ca}t - no influence on the
enzymatic actixity;&g 4+thw_and Zn" "-increased the activity
about 20%; Co™",CU", Ba""* Ag' in cone. 1073l - inhibition
about 40%, in conc. 10=2 - 100%. Versene had no influence,
NaAsOp /10-3/ - did not cause any inhibition, Hp02 at any con-
centrations did not influence the activity of extracts, ATP at
conc.2,10-4 to 3,10-3 M - increased the activity about 30%, but
at 1021 cauged a marked inhibition. ADP - no influence; DEN
at 2.5 o 107°M increased the activity about 25%, The addition
of activators or inhibitors to extracts previously boiled did
not cause any changes in the substrates applied. The results
obtained with both kinds of extracts were the same.

Table 1 and 2 represent the results obtained with purified
and unpurified extracts from fodder and bitter white lupins:

Table 1

MM of the transformed substrate in 1 ml of enzymatic
extracts per hour

Extracts " before dialysis ' alter dialysis |

from plants _§9ezzeérze+@9§r_@e__‘_§2§£§92@_2_%__15229229 .

,_QQQQQE__-4___93§ _____ +-___1:§ ....... Qzé-___;___-_lig _____
bitter 1 0,06 | 0.09 0.5 ! 1.0

i o4 "

The unpurified extracts from bitter lupin showed a much
lower activity than analogous extracts from fodder lupin.
Dialysis of "bitter" extracts increased their activity to the
level, observed in the "fodder" extracts.

Table 2

The influence of juice from fresh bitter plants on the
activity of extracts from fodder plants /substrate:sparteine/

. activily of the extract/%/ after

mlaggeguicc ) addition of !
S St ﬁ: =====§£2§2=ig;gg=_.._=:}:=..=-bgilgg-ig;gg ——————

0,0 100 100

O.1 100 3 100

0.2 100 | 90

0e3 85 82
00l , 80 : 68 |
0.5 70 ! __50 :
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The activity of extracts from fodder plants was lowered
not only by the fresh but also by the boiled juice obtained
from bitter plants. The addition of a mixture of alkaloids
/characteristic of the bitter population/ te the investigated -
extract did not have any influence on its activity.

- -In the case of sparteine and lupanine the total amount of

alkaloid introduced + the product of its transformation in .

unpurified as well ag in purified exiracts was the same as

.the amount applieds; However in the case of hydroxylupanine

the total amount of both bases after 16 hrs of incubation -

with ‘unpurified extracts was sbout 50% lower than the amount

o applied /in purified,ex§£acts‘there was no difference/,

Ny Additional tests with C'%=hydvoxylupanine showed that about =

: 50% ‘of the radloactivity applied could be found im compounds
which 'did not react with Drageridorff s veagent. . -

The activity of extracts from fodder white lupin plant 0
/100%/ was compared with the activity of extracts from other
species /substrates sparteine/: Nicotiana glaucs - 0, Zes
-mays. = 0, Phaseolus vulgaris - 15, Vicia faba - 20, Spinaces

_oleraceaﬁq_409‘Lupings*luteus»/fodder/;=~60%.

Fractionation of proteins of the extract from fodder white
lupin on a hydroxylapatite column showed that only fractions
eluted with buffer solution from 0s14 to 0,22 M ave active.
The maximum of activity was menifested by the fracticn eluted
with 0,16 M /11,5 4M of transformed subsirate per 1 mg of
protein per hour/, : :

 The identification of products of alkaloid transformations
'iq_vit?O'gave‘the following resulttes - ‘

1/ sparteine - in extracts from both forms of white lupia -
ylelded dehydrosparteine /the only product/gﬁmop./picrates/
204~206°C;_ﬁhis.dehydroforg however is net DJ-dehydrosparteine
/mope=picrates - 189 = 190 c/o '

'2/?1upanine_w y%ﬁlded /in both extracts/ dehydrolupanine /only/,
but it is not D''~dehydrolupanine ox dehydrolupanine found by
Rink and Sch¥fer /1954/ in seeds of Iupinus perennis, :

3/ hydroxylupsnine - yielded dehydroxylupanine .
4/ engustifcline —-= dehydroangustifoline.

Iupinine, 17-oxosparteine, 17-oxclupanine s hydroxylupanine
: ester and multiflorine /the latter investigated in extracts
“ only from fodder plants/ - did not change during incubation with
enzymatic extracts. ' "

1T, Transformation of alkaloids in ViVOb.

_ The degree of incorporation oftc14ucadaVQrine into alkaloids
- dn plants of bifter lupin after 10 days accounted only for 0,7%,
while the incorporation of T-gparteine amounied to 50%. Inm both
cases = all isolated alksloids were radiocactive, the distribution
of the radicactivity between the investigated bases was similar,

and. the quantitative proportiocns betweem: them were in =eferal
analogous to the proportions for radioactivity, except for the
multiflorine, whose partiecipation in the total alkaloids:acti-
vity was higher them im the total alkaloid content. These facts
show - among other thinge - that T-sparteine after chemical re- .
moval of easily exchangeable hydrogen « can be used with good

FOR OFFICIAL LS 0HLY
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results for labelling other lupin alkaloids in spite of the
fact that hydrogen atoms bound with the sparteine skeleton
are "attacked" by enzymes more easily than carbon in this
skeleton.

An intense transformation of sparteine into other alkaloids
was found also in plants of the fodder variety.

The isolated fraction, whose Rf value was theosame as the
Rf of dehydrosparteine after distillation to 120°C yielded
an oily substance. The chemical analysis, paper chromatogra-
phy and IR spectrum showed that it was dehydrosparteine iden=~
tical with the dehydrosparteine obtained enzymatically in
vitro. The fraction, in which besides hydroxylupanine dehydro-
-xylupanine may also be present, was isolated from plants,
which received Cl4-lupanine and two hours after injection were

killed.
Table 3
Radioactivity of the fraction investigates c¢ pm
“Before requction — After reduction
Plants Traction KT of hydro-' fractiom  Zfraction
an xylupanine and dehy- ' Rf of RF hydroxy-
SR mmmo==c-Gr0lupanine ______ sparteine __sparteime _
1 2 300 2 100 40
2 1 450 1 520 . 0
3 2 880 2 640 0

The results obtained after reduction with Hp /tab.3/ indicate
that the product of lupanine transformation in vivo is dehydro-
lupanine. Thisg conclusion was confirmed by other anslysis,

Results obtained in the experiment with bitter lupin plants
2, 24 and 96 hours after injection of alkaloids:

1/ During the time under investigation the plants did not change
their total radiocactivity. A part of the activity could be found
in nonalkaloid compounds. This part was always higher in plants,
which received dehydroforms of the investigated bases /35 and
29% as compared to 11 and 12 per cent, after 96 hours/.

2/ All injected alkaloids almost immediately were transformed
partially into other alkaloids. The degree of transformation

of dehydroforms especially of dehydrolupanine was much higher

as compared to the saturated bases. The rate of transformation
was increasing during the time under investigation. After 96
hrs: a/ the injected sparteine was transformed into: dehydro-
sparteine - 12%, lupanine - 9%, hydrolupanine + hydroxylupanine
ester - 3% and multiflorine - 3%; b/ the injected dehydrospar-
teine: lupanine - 17%, hydroxylupanine ¢ its ester - 10%, multi-
florine -~ 10%. 87 ~thé radioactivity applied could be found also
in sparteine; ¢/ the injected lupenine: dehydrokzpanine - 4%,
hydroxylupanine + its ester - 18%, multiflorine*< 6%, sparteine
did not show any radioamctivity; d/ dehydrolupanine: hydroxylu-
panine + its ester - 33%, multiflorine - 10%; 10% of the radio-
activ&ty applied could be found in lupaninpe./About the same
valueVwes obtained 2 hrs ‘after injection/; no radiactive spar-
teine was found.

In experiment with fodaei.lupin plants:
1/ the total radipctivity of plants during 96 hrs did not
change. The radipectivity found in non-alkaloid compounds:

x/ not very well purified

o .
%wwww&
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after a/ sparteine - 30%, b/ dehydrosparteine - 44%, ¢/ lupe~
nine - 20%, d/ dehydrolupanine -.38%.- _
2/ the tranaformatioms of injected alkaloids into other bases
investigated after 96 hrss a/ sparteine: dehydrosparteine =
21%, lupanine - 2%, hydroxylupanine +' its ester = 1%; a_ = Rf
value the same .as the Rf of multiflorine - 1%: b/ dehyd§@=
sparteine: lupanine - 4%, hydroxylupanine + its ester - 3%,
8g = 003%. 7% could be found in sparteine /the same value was
oﬁtained 2 hrs after injection and did not change afterwardsg
_ . ¢/ lupanine:dehydrolupanine - 8%, hydroxylupanine ¢ its ester -
S 9%; 8y - 0,3% /sparteine did not show .any radiactivity/.
’ 4/ deﬁydr@lmpanine 3 hydroxylupanine + its ester = 37%; a,-
1.4%, 9% was found in lupanine. No radicactive sparteine was
found, i ‘ _—

i

DISCUSSION

The results concerning the purified enzymatic extracts from
bitter and foddexr plants of Lupinus albus show that they are
very similar in their reactien to changes in temperature, pH,
the kind of substrates, their concentrations and to inhibiters

- and activators investigated. The similarity of thess extracts
was also revealed in the faect, that their enzymatic activity
led to the formation of only one product, which did not underge

- further transformatlons this produet was always a dehydroform
of the alkaloid applied. Thus it can be assumed that enzymes,
which caused these transfowmatisne, were dehydrogenases of ana-
logous characteristics in buth investigated fuwas of white
lupine' ‘ » o i V - ‘ -

The investigated extracts from vokh kindes of plants showed
gome differences in their activity depending on the substrate
- used. But this fact is not yet proof that the extracts con-
talned several dehydrogenases. It is known, that some dehydro-
genases of a very little specificity way show different activi-
ty depending on the kind of the subsirste applied. The enzyma-
tic activity of extracts from other spscies indicates, that de-
hydrogenases, which have affinity te the investigated compounds
rare rather widespread, The behaviour of hydroxylupanine in wn-
purified extracts indiecate that +this sikaloid as compared %o
gparteine and Jupanine is much move labile /this was confirmed
in our other investigations/, - - ‘ '

 The results cbtained in vive show that the interconversion
of alkaloids proceeds mainly from a lower to a higher level of

o

oxidation, The facts of trasusformation of dehydrosparteine ,
+ into sparteline and of dehydwolupanine inte lupanine show, that

a reverse direction of interconversion is possible: these facts

however may be an "artefact™ resulting from the technique

applied /injection, translecation on one hand - lecalisation
of transformations in intact plants on the other hand/,

+ I%.is possible that the low content of alkaloids in fodder
white lupin resulte not cnly from a very low rate of synthesis
from nonalkaloid precursors /this wasg established im our pre-
vious works/ but alse from the low rate of interconversion of
the ‘alkaloids themselves, It must be added that the transfor-
matlon of introduced alkaloids into nonalkaloid compounds in
fodder plants was greater than in the bitter omes /but the
- differences In isotope dilution could also play a role in this

o phencmenen/ s y
- v : ) EAR DEDINIAL o Ak o o
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The results obtained in vivo and in vitro permit the
assumption that the general pattern of alkaloid transforma- )
tion in white lupin is as follows: ‘

' alkaloid /introduced/=-3 dehyi?oform =< another alkaloid

nonalka;oid compounds
The interconversion of the investigated alkaloids:
spartqine '

dehyééosparteine -3 multifloriné /bitteg variety/
1upan%pe

dehydréihpanine

hydroxﬁiupanine == hydroxylupanine ester

dehydroﬁydroxylupanine

CONCLUSIONS

1/ Enzymatic extracts from bitter as well as fodder popu--
lations of white lupin are able to transform sparteine, lupa~-
nine, hydroxylupanine and angustifoline i.e. alkaloids charac-
teristic of the species investigated. The transformations are
catalyzed by dehydrogenases present in the extracts. The best
method of enzymatic extract preparation was protein sedimen-
ggti7n from aceton powder with /NH4/2SO4 /33-66% of satura-

ion/.

2/ The highest enzymatic activity in purified extracts from
fodder plants was found in the protein fraction, eluted from
a hydroxylapatite columm with 0,16 - 0.18 M phosphate buffer.
The amount of this fraction accounted for less than 3% of the
total protein content in the extracts investigated.

. 3/ The optima of temperature, pH and of substrete concen-
tration /sparteine, lupanine and hydroxylupanine/ for extracts
from plants of both investigated varieties are analogous.

4/ Sparteine, lupanine, hydroxylupanine and angustifoline
were transformed by purified enzymatic extracts - from bitter
as well as fodder plants - into their dehydroforms.

In unpurified extracts hydroxylupanine only underwent trans-
formations glso to other compounds, which do not react with
Dragendorff’'s reagent. '

5/ Sparteine and lupanine after injection into plents of
bitter and fodder lupinus albus are transformed into other
alkaloids: sparteine is transformed mainly into dehydrospartei-
ne, lupanine and hydroxylupanine; lupanine : into dehydrolupa=~
nine and hydroxylupanine; dehydrosparteine and dehydrolupanine
after injection show w similar pattern of transformation, but
they can be partially converted also into sparteine end lupa-
nine respectively. Lupanine and dehydrolupanine were not trans—
formed in ahy case into sparteine.
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6/ One of the products of sparteine and dehydrosparteine
trenaformation = after injection into bitter plants - is also
multifloxrine.

7/ The character and the rate of transformations of spartei-
ne, lupanine and their dehydroforms indicate, that the inter-

" conversion of these alkaloids in plants of bitter as well as
fodder white lupin proceeds mainly from lower toc higher le=
vels of oxidation. : ) :

On the basis of the results obtained in the deseribed expe-
riments it seems worthwhile %to continue investigations 1/ om.
the dehydrogenases from.bitter and fodder plants, 2/ on trans-
formations of other alkaloids /besides sparteine and lupanine/
characteristic of the species investigated, 3/ on the alkaloid
a. in fodder lupin. /We must interrupt the investigations men-
tfione? in p.1 for 8-10 months, because Mr Nalborczyk went
abroad/. ' . :

II. The synthesis of alkaioids;in bitter white lupine.

Our previous investigations /1958=59/ on bitter white lupine

/var.Czechnicka/ showed, that the greatest increase of the alka-
. loid in plants occurred during a relatively short time, in the

period of side shoot flowering and pod formation on the main

shoot. During the subsequent period of growth the aslkaloid con-

tent did not change. Very similar facts were observed in the

fodder variety /Przebedowski/. ' . _

The aims of the reported investigations were: :

a/ to determine the role ¢f partiecular ssrial parts in the bio-

synthesis of alkaloids at the time of the greatez? alkaleid in-

crement /the insignificant role of roots in this procass was

shown in our earlier investigations/;

b/ to identify two alkaloids whose chiroematcgraphic behaviour

wag similar to- 1/ sparteine, 2/ oxolupanine /called previously

by us a, or /oxylupanine ?/3 ‘ :

¢/ to eXamine the total and specific wradiocaetivity of particu-

lar alkaloids in opder to undemitand tl=2ir interconversion beifer.

In- 1960 pot experiments wers carried out: on the 54-th day

of growth /beginning of side shoot flewering/ following treat-
N . ments were applied: 1/ control: 2/ 5 upper leaves removed;
3/ side shoot leaves removed; 4/ pods from the main shoot re-
moved. On the same day a part of the plants investigated /from
treat 1, 3 and 4/ were exposed tov (i40» for one and twe weeks
in a plexiglass chamber /750 1 vols/. The plants in the green-
house were harvested several times at weekly intervals. Accor-
ding to the results obtained the contributions of side shootis
to the accumulation of alkaloids amounted to 57=TQ%. The radia-=
ctivity of lupanine accounted for about 80% of the total alka=
loid activity. But in thie experiment the removal of particular
_plant parts brought about a reaction of the remaining vegeta-
tive organs, consisting in a more intensge growth and in a grea-
ter rate of alkaloid synthesis. The greatest alkaloid accumula-
tion, in control plants was observed not between 56 and 70 days
of growth /as in the experiment 1958/ but 10-14 days later.
Therefore in experiments 1961 and 1962 the technique was changed.

Expérimental procedure; 1/ experiments 19671 seeds of bitter
white lupin were sown in pots on april 24. On the 620R4 day of
growth the plants were divided into several pgroups. In the

2
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first group some plants'were deprived of 1/ side shoots or
2/ peds. They were harvested together with controls after

7 days. On the day of the harvest the same treatments wers
applied in the second group, The next harvest was completed
alse after 7 days. On the 76th day of plant growth the expe-
riment was vepeated in the same way. The last harvest was
completed at full maturity. On the 66th and 73th day of
growth anala%@us treatments. were applied and the plants were .
exposed to C 0 o After 24 hrs they were killed /=60°C and
analysed. In the first experiment with labelled carb@n ex=
cised stems and pods were also investigated.

2/ experiment 1962° bitter white lupin was sown on February
23, On the 63rd day of growth plants were exposed %to C140o,
for 3 hrs; than a part of them was harvested; from the re- .
maining plants pode and stems were cut @ff and exposed teo - , -

c140z for 21 hrs. S 8

In the plants harves ed in the greenhcuse total alkaloid
content cnly was determined. Alkaloids extracted from the
- radicactive plants were separvated on & celuléss colum /n-
butanols O0,Im HC1/ and distilled /ox- sublimated/ at 10 DTE
tectal and speclflc radicactivity was determined,

From side shoots of lupin investiga%ed in 1960 alkaloids
were extracted and separated om & celulose column, Fractions
corresponding chromatographically e sparteine hydroxylupanine
end 17-oxolupanine were isolated, pur;fledg distilled in
vacue and analysed 1n IR=spectrometero

RESULTS AND DISGUSSION ‘ : ) N

I. identifi@atlcn of three alkaleid fractiona A

a/ The amcunt of the fractl@n whose Rf value was similar to the
Rf of sparteine accounted for only sbout 0s5% of the total
content in the investigated side shoots; after distillation at
90-950C it yielded an c¢ily substance, whose IR absorption spec=
trum was identical with the IR spectrum of sparteine pred,
CEFARM and with the IR-spectrum of thls basep published by
Ieonard and Beyler 71950/, ‘

b/ The alkaloid fra@ti/ng whose Rf value Was 81milar t@ th@

Rf of hydrexylupanmineX/ was sublimated at 130-140°C, Its IR- -1
spectrum showed the same maxima of absorption /=0H at 3500 em” ',
=C=0 group in lactam at 1630 cm=1/ and the same vibraticns in
the "finger print® region as hydroxylupanine isolated from
seeds of bitter lupinus angustifclius /the hydroxylupanine

from the fodder variety d;ffers somewhat in the"finger prinf

¢/ The IR absorpiion spectrum of the purified alkaloid fraction
whoss Rf was similar to the Rf of 17-oxolupanine, was analogous
to the IR spectrum of an alkaleid isolated from vegetative
orgens of fodder planits of lupinus albus and identified as hy-=
droxylupanine ester, The investigated fraction after hydr©1y=
sis in HC1l yielded hydrcxylupanineo

- x/ This fra@ti@n gontains = in very small amoum%ﬂ -~ a base
which in all probability is dehydrclupanine, but the puri-
ficatlon procedure applied causes 1ts dec@mpositiomo _

e~

t
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. IT. According to the results presented in tab.4, the alka-
loid increment during the first week amounted to 37% of the
content, found on the 624 day of plant growth. During the
subsequent period /till full maturity/ there were no signifi-
cant changes in the total content of the invdstigated bases,
After the first week of investigation the reactiom of the
plants to pod removal ean be clearly seen /a more intense
growth of side shoots/., But the same treatment applied a week
later did not cause any marked changes¢ The removal of side
shoots in the first period brought about a very small alkaloid
increment whereas the removal of pods had no influence on the.

. total inecrease of these compounds, C '

 The results of the first experiment with C1405 /table 5/
show that: 1/ the contribution of side shoots te the total
carbon assimilated was about 70%, 2/ the plants deprived of
pods were less radioactive than the controle /the same pheno-
menon was observed in the experiment 1960 and in an additional
experiment in 1962; the difference - in comparison with the
control = in the amount of C*4 translocated te the roots could
not havewbeen considered as the main cause of the difference
in the total radicactivity of the aerial parte/; 3/ the amount
of CO2 assimilated only by pods accounted for 1,5% and assimi-
lated by the stem ~ 0.3% of the totals, _

Similar results concerning the side ghoot contribution to
the total CO, a3similatiion were obtained in the experiment
carried out one week later /tab.6/, However it must be added,
‘that the rate of photosynthesis was less /CO» content and ,
activity, conditions of temperature and light were very similar
in both experiments/, : ’

’ The total alkaloid activity amounted in the first experiment
to about 0,29%, in the second one to about 7.03 per cent of the
total plant activity. If the difference ia the rate of photosyn=
thesis is taken into account, thus the 4lkaloid synthesis in
the second experiment can be considersd as very low, less than

10% of the synthesis rate found one weszk earliero

- The side shoots were the main orgams, in which alkaloid syn-=

thesis occurred during the period undeﬁ investigation: in the

N first week their contribution to the €'4 alkaloid accumulation

: was about 90%. Although the tothal alkaloid activity in plants
deprived of pods was less than in the comtrols, but it amounted

_ also to about 0,30 per cemt of the total plant activity.

v According to the results cbtained in the experiment 1962 /table

¢ 7/ it may be concluded thats 1/ pods are not able to synthesize
alkaloids /from nonalkaleid compounds/ at least at the investi-
gated stage of their development, 2/ the stem of"hain shoot
show this eapacity, but the participation of alkaloids = formed
affer 21 hrs - in the total stem activity /about 0,03 per cent/
1s very low in comparison with their participation in stems of
Intacty plants /tables 2 and 3/. Therefore it canm be assumgg
that in the latter the most part of Cl4alkaloid found in @tems
resulted from translocation from other organs, mainly from the
side shoots, : : A

The alkaloid content in perticular plant parts ef 62 and
69 days old-plants /table 1/ and the distribution of glkaloid
activity among these parts /table 3/ shci, Shat the new formed

it
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alkaloids /at least those derived frem the prcducts of current
photosynthesis/ had been translocated during 24 hws from side
shoote and leaves of the main shoot at a greater rate than
the alkaloides earlier accumulated in these plant crgans.

The radicastivity of side sheoot alkaloids in particular
in plants deprived of peds can give scme informations about
the relationships between the alksleids investigated: 1/ the
apecific /per mg/ activity ¢f lupanine was 3=5 times higher
than that of hydroxylupanine /whese content accounted only
for 1/3 of the lupanine content/ and multiflorine. In parts
that show & umall capacity of alkaloid synthesis, e.g. leaves
of the main shoot or im parts whoss C'4 alkaloids derived
mainly from other organs e.g. the stem the specific activity .
of the hydroxylupanine ester /which included alse the activi-
ty of the bound organic acid/ was very high and sometimes
even greater tham the specific activity of lupanire.

It is possible that a par%vof hydrexylupanine was boﬁnd-
in the stem with an organiec acid of a relatively high radio- .
activity. ' - : )

The results concerning lupanine and hydrexylupanine /con=
tent and activity/ indicate that the interconversion of these
two alkaleids = under conditions, where no injection of an
alkaloid takes place - would preceed from the lower to the
higher level of oxidation. The reverse direction would have
been prcbable only in the case when the rate of (14 =hydroxy-
lupanine transformation inte lupanine had been so high that

- the specific setivity of hydrexylupanine in-the side shdois
eculd net have been signifigcant. It is diffieuld to accept
this possibility, when the quentitative relationships between
the tws alkaloide /not only im this experiment but also in
cur previeus investigations/ avre borne in mind.

CONCLUSIONS /including the results of the first experiment/.

1/ The greatest alkaleid accumulation in bitter white lupin
cecurs during twe to four weeks after the beginning of side
shoot f}eweriﬁg /this faect confirms our previously cbiained
results/. : ‘

. 2/ A% this time the side shoots are mainly responsible’ ~
for the alkaleid synthesiss At the first stage ef accumulation - ’
their contributicn accounted for TO and in the later period
for about 90 per cent of the alkaloid inecrement. C

3/ At the late stages of growth the total alkaleid content 4
. in plants dces not undergo any marked changes. This ig in a¥l -
proebability the result of inhibition of synthesis as well as
of decomposition of these compounds. :

4/ The ageing process of leaves on the main as well as on
the side shouts brings gbout a diminishing in the rate of alka-
lcid synthesis. ' ‘ :

5/ The pods were not able te syntheze alkaloids, the stem
of the main shout showed this capacity but to a very small
degree, ‘ ’ -

6/ At the early stage of pod development the transloecation
of new formed alkaloids from leaves of the main shoot as well
as from side shoots ig greater than the ¢ranslocation of alka-
loids earlier accumulated, . ‘ :

/
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7/ On the basis of the infra red spectra of investigated
alkaloiﬂs a/ the occurrence of sparteine in side shoots /in
very small amount/ could be established, b/ the alksloid of
the Rf walue similar to the Rf value of 17-oxolupanine was
identified as an ester of: hydroxylupanine and an organie acid,
¢/ the hydroxylupanine occurring in the side shoots was shown
tc be identical with the hydroxylupanine fr@m seeds of Lupi-

. nus angustifoliust.

The - interconversion between lupanine and hydroxylupanine
seems to proceed from the lower to the hlgher level of oxi-
dation.

It seems worthwhile to repeat the experiment with older
bitter lupin plants, when the total alka%zid content does
not change, and to examine the rate of C incorporation into
alkaleids /an analogous course of alkaleid accumulation -
but different as regards the total amounts - was observed
previously in- fodder whlte lupln/o

111, The described experiments drew our attentlon mainly
to the side shoots of the investigated plants. That s why in
the experiments with bitter and fodder homozygotes of lupinus
at the beginning of side shoots flowering the peds wers re-
moved from the main shoots and the plants were allowed to grow
for ancther week in the greenhouse. Afte $rd& they wers put
into a plexiglass chamber and exposed ﬁ@ g4 4 hours,

A part of them was kilied /-600C/ 1m%ed¢atejy and the remaining
plants were expoged for 2C hws %9 J'°0z, Then %hey were killed
and have besn analysized. We are now de stermining th2 alkaloid
and amiﬂOwa‘ld content as well as their sgpecifiec activit 7o We
pay great attention to arginine, :

IV, The plants Joitter and fodder homoezygotes/ grown in the
greenhouse were harvested several ﬁim during the vegetation
period, till full maturity. The weatvzr conditions were unu-
sual thls year and perhaps this is 1 main.reasen why a very”
early fall of leaves from' the wmain as well as from the gids
shoots was obgerved, We ave not content with the size and
number of seeds we have obtained /they are %2 be investigatled
next year/. The harvested p?amts are analysed /alkaloids and
nitrogen/. v
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| RESULTS
‘The dry weight and alkaloid content /per plant/

' ‘Table 4
’f \ .
i : e R e of plants /days/
Plant | =22 ] “%ﬁg_, 76— I
| con= | con- | plants deprived cone “plants deprlved
parts trol ‘ trol | side 2 pods trol | side ods
- ‘ ; shoots ishoots P
drytweight - g domo per '
‘ -plant
main ] o | . . L
i ShOOt 3001 3006 3008 3003 £ 3617 1 2086 ! 3316
| side : - ) ‘ o
shoots 1,62 - 1.T70 1 - ] 2.28 1,80 - 1.85
pods™ | 0.66 | 1.62| 1,12 | - 1.9 [ 2,00 | -
total 5,29 | 6,385 4,20 5631 6@93XK/4.86 5,01
%mmm«#m'u«qm-—-_n’uﬁ-msa mmmmm >=~n»m===-a-='m§‘»=-m=am-45
b i _alkaldid content mg per plamt
Imain - . | R
- ,gshoots 11861 1 1443 - - 32,9 10,9 = 1 14,2
' %pods | Te® {23,7 11,6 | - 43090 ,29;3 g o
total  136.0 | 49.3 |22.0 | 44.1 |52.3 |35,9 | 26.5°

. x/ of the main shoots

. ‘ ) ‘ 1
xx/ the total dry weight at the stage of full maturity was.
46 g per plant, ' '

)

“FOR ORI USE oMLY
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Radioactivity of 67 deye,gid plants and a}%aloids after.
¢& hr exposure to €70 /per plant/ 4 7., ., <avind vok ﬁ*jjﬂ‘{

Tahrye "5
By Eozal tgta% Al %;c_gd e e pE D T
ot glhale plan pe iTic actavity T T T ern ‘ ‘ activity
Treatment| parts content acgivity F1 A%H Ja ) | &% ot total
ne 102¢ m o excys plant activ
Control | mair shoot .
leaves 2.2 Fo5 iy o6 {705 50 | o4 =4 418 U 203 U.U3
stem 8.6 499 480 jCO 625 446 2100 | 529 575 526 3616 U, 72
side shootg 15.4 4un? 07 11285 114 22% 6282 1 179 108 598 Vals 0.50
ods 21,6 _ |2067 156 {165 {150 | 79 [7s6 | 5y | 572 | 2%¢ 5053 0.6
to’bgi 47.8 4873 10288 {1316 1073 11390 OBy 0.9
iig:vgg“‘ﬁun skuot
: leaves 2,0 746 93 ou {42t 294 | 1C7 26 2% 91 - 25y 0.V3
stem 8.2 | 251 62 63 408 2 508 e 174 256 810 U 52
pods 20,3 | 548 191 19§ 10 | s1]326l 73 30 ) aby | ko 0,08
total 505 1555 0T 181 | 227 | a9 1505 0.10
Afgﬁivea uain shoot | -
N leaves 2.1 758 480 | 17e.. 280 228 | 243 63 26 64 40¢ U.v5 -
sten 9.0 787 «3A8 | 229 |40y Geb 11076 ] 43 393 [107C¢ 288c. 0.37
side shooud 18.0 2125 658 | 215 {231 | 163 |6762] 662 446 § 393 32605 0,39
total 9.4 13670 808111274 865 _|is5z 14552 031
© Moim stem excised 15 . '
{ Main stem /on reuts/ 12 {
l Pods excised 72 !

x/ In ali e*{per*mz.nus tetal vplant radicactivity was determined with a Geiger-lidller (,Ouil'bbJ.
/mica window, 1.1 mg/cm ¢ e5 mi/ the alkaleid actlvity in a 2 ¥ $us-Ii0w counter /i1
Friesecke und Hbpiner/ whose efilclency was O times higher, ihe Gata obLiainced 1or &lle—
lolas were divided oy oo

x&/ ia = i enine, nl - hydroxylupanine, mi - wuiviflerine, hl -esber-hydroxylupanine ester

: /inis »I/a‘u Ifyacivicr couvatains a minimsl amcunt of an alkaleid of a similar Ri/9 the base -ay-
woich securis orly in oraces was not taken inte account, angustiioline -fvund in Le.Lal..valy
vely small amownt coulc nou have been separaved frow lupsnine therefore its specific radio-

activity was not detvermined,
FOR OFFICIAL USE ONLY | :
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Radiodctivity of 74 days old plants and of their o
alkaloids after 24 hrs exposure %o 01402 /perplant/

Table 6
- = » ; “alkalold acti- | alkalold
; i “ltotal | total :
Treatment | Pi88Y |.1xa10ig plant Yity ¢ pm 7ac§1v1ty :
" parts tent | activity o of the |
content | &7% | specificl total | total plant
cpm | . activity
Control | main ‘ | |
- i shoot ; _ )
leaves | 0,96 | 453 148 . | 142 | 0,03
,stem | 9.03 . 197 . 46 | 415 0,21
| side | ; L ,
! shoots 14,37 697 ) 26 . 1 374 0.05
 ipods | -28,50 | 1179 8 228 0,02
e —— B o e et o e e i e s e e
total 52 .86 2526 1159 0.04
Side - i main ]
shoots ! shoot
removed | ygaves | 0,85 392 152 137 0,03
stem 8,98 62 | 9 81 0,13
pods 27,73 375 5 2 55 0,01
———————— ntl—-uu-wn--:m——4b-=m—_l='—-w-.-ﬂ—a—snl=mmn—mmmamma—ebhmn—n-a—aehﬁ:--
total 37,56 829 273 0,03
Pods i main
removed | stem . ; o !
: gleaves | 0,90 729 I 202 182 | ~ 0.03 ;
stem | 13,20 | 543 53 700 | 0,13 .
Eside . ‘ I . ' ‘ o
shoots | 12,63 | 882 35 - 442 0,05
o e e s s 0 s e o s e 3 05 o > B v o . o e o 20 8 o 23 00 23 G e 0 s W o oms S ——n
totel | 26,73 | 2154 | 1324 | 0,06

AN

1
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‘Radioactivity of alkaloids in the stem and pods
of the main shoot /per plant/

, -
e Table 7 |
'_Q '
Time of - | plant . fresh i alkaloid| plant arkalold actIvi-
~harvesting| parts | weight - content| activity | ty cp A :
‘ g | mg 103 ¢ pm | specific] totall
Af’ter ",main f L | o |
3 hrs . |shoot | ' .
B expo$ i |
1to cT40 | | ?
2 lleaves +. ¢
} side ‘
' shoots- 170,18 | ' 1320
fstem | 4,75 | 2,93 282 26
[pods * | 10.65 [11.78 | 183 0 0
total 25,58 1785 .
1--w=»-=~-=--~.»= -------- T L S N i S -
{ After . - :
i subsequent | €Xcised | P , : ' o
1 21 hrs ; o | |
exposure stem  §  4.89 | 2.88 | 263 40 115
* to ¢120, . o | |
9 pods 11,10 §12.49 192 0 f 0
. L ______ i ’ . ’
. _-._.__..::::::}::z:::::::: ::::L"::::-'::::::::ﬁ&:::::::::E::::::::i:::::::j
'Y \

Declaésified in Part - Sanitized Copy Approved for Release 2013/09/06 : CIA-RDP8OT00246A:0210060'10001-6



