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Abstract
L' koline-ULrac rvas fd to shoo* of iritacr:1*y 

"jd 
rageres patula prants grownnorma[y or on a horizontal 

"tinost"r 
*Jtlng * lj revftg. af"iZ.ii_ i*ubetion, rt

;fffiff different amino,aL 
"railoe"t &,r;;i;;;;ri]elves, ana nower$)

reavesorconrorff Tffi;ffiT,Lff_1:ffi:m**;*mt$'$m:
rcid 0ecarbmylase activiry i, ,i,"'*rrrir phntc was 

"u"* i_[ii-rrrat in gravitycompensatedplants (grown on horizontal clinostats).In the {ror* rt*oror*rmiprants,about629aof the istarradioactivity, w*ci-wl i""*p"*r.oir;il;;. *idfraction,was lodged in amjlu.utrri" u"loioegAl-In conrast, GABA was not tabelled in the. gftlvrtycompensatedpranrs. Rattrei, prac,i"utty uu rrr"ruoir".ri-ir, a0d.7r) was incorpo_rated into what was suspected ,o U" u p.priO".
Tlre interpretation of these rouro i, it u, unds rormar corditions the enzyme

flr{,$'H*fPxvlase is o-q* uno 
'o 

glutarnicacia is ;";;;;;" 
"*inouutyrtcanorterenzvm*#i,lfJ;J;ffiHffifldfffiffi :ilmffithegrutarnateforp"6duro*"rion.tsctremesrro"t grr",rgiri"[iJ""shipbewee'

proline, glutamic rid, aminobutyric acid and peptides is discussed.

Introduction
In a previous report (Oputa aud Mazeli* lg?i, 

:fwre 1fto*n tha hypagravity markedlydepressed CO" output inTageres put"U. f, m sarae strdy ao irtOireciiridence was giventhat glutamate decarboxylase 
1fs1e* migtrr=Ue-sensilirc ro hypogmviry.Thepresentstudyseekstotestrtrediredeflectortrrogravityoi,gr[amiiaciddecarboxylase.

Materials and Methods

Tagetes patuar var Heren chapman A was usei_. The growth condition in the greenhouse were described in a previous riport topot and Mazeris 1g76).

Preliminary study on Grutamate Metaborism rncubation procedure
An ariquot of L-proline - uL - r4c sorution containing 20 ucl was fed to the stems of two5 I day old potted 4 rph (hypogravity) the otrrertert on ttre bench as confiol. A modified cottonwick merhod invorving 

'li G rr.-rpil*yirG (opura and *ur.ri, iqzo) was emproyedin the tabel feeding' The plants *ere under iluo,rescent right with an i.tensity of40 ueinsteins/mzlsec in the spectrum be*een 4CIand z00u i. rtn zqbous in.uortion, the shoots werecut just above the point of raber feeding,.rJr"pr*r.a irb stem prus leaves, and flowers.These tissues were extracteO separatefias O"#UC U"fo*.
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Extrac{ion Froceduri:IJXLrattrlUII rr(X;C(lllrc , '. .. . :,,:"

., The tissues were transferred ino 50ml ol
ethanolic extract was decanted and the tissue grrground with mof,tAr and pestle. The ground

The tissues were transferred ino 50ml of tiOiling 80% ethanol for 3 minutes. The

tissue and ethanolic extract were combined in a 125 ml Erlenmyer and shaken for thirty
minutes in a reciprocating sha\er. lthe suspgnsipn. \vas cenpifuged and the residue was

successively extracted wilh 807o ethanol, water'and 80%' pthanol. The extracts were

combined and filtered tkough celite mat. The vofwne of ttpextract was measured and an

aliquot was assayed for radioactivity.by means sf a!{uclear chicago scintilation counter. The

extract was taken to dryness under reduced pressure at 3CIC.

Column Chromatogrephy:

The dried extract was taken up in80%o ethanol and an aliquot was put on a 1 x 10cm

column of Dowex 50 W x 4 (H.). The column uras eluted with 807o ethanol to remove sugar
and organic acids. The column wns next eluted with ethanolic aqueous ammonia (3 pans7 5Vo

ethanol + 1 part concenffated ammonium hydroxide). This fraction was the amino acid
fraction. An aliquot of this ftaction was assayed for radioactivity. Radioactiviqy assay for
sugars andorganic acids were also canied out on anion exchanger (Dowex 1 x 8 (HCOG).
For the purpose of this purpose of this paper, however, only results for the aminoacid fraction
are reported.

Paper Chromatography of amino acid fraction:

Thecomponentsoftheaminoacidfractionwereseparatedby twodimensionalchromatography
on Whatman No I filter paper. The solvent system employed was phenol: water (10:2 v/v)
and butanol; acetic acid: water (12:3:5 v/v). Radioautograph of the paper chromatogram was
made on kodak No 1 screen medical X-ray film.

Radioative areas ou the chromatogram were located by inarching the paper with the
X-ray film. The radioactive areas werecutand the papersrolled intocylinders and immersed
in Bray's scintillater. Non-radioactive area near the origin was used as blank. Radioactivity
was assayed by mears of Nuclear Chicago scintillation counter. Amino acid spots on
duplicate chromatograms were located with ninhydrin spray.

Glutamate decraboxylase Experiment:

A 60 day-old plant was mouhted on a horizontal clinostat (hypogravity) while a similar plant
was lett on the bench as controt. Forty eight hours after epinastic curvatures were evident on
the clinostated plant. two opposite leaves just below the floral buds were harvested for
glutamic acid decarboxylase assay. Similar Ieaves on the control plant were also harvested.

Preparation of Crude Enzyme:

0.8g leaves of each treatment were ground with 0.1 M KrPO.butferPHT .2 in a precooled
mortar and pestle. The suspensions were filtered through four lalers of cheese cloth and
centrifuged (3000 rpm x 5 min). The supernatant was decanted and recentrit'uged. The

supernatant was made up to 8.b ml and aliguots of each were boiled. This boiled exEact is
designatcd "boiled enzyfile". AII enzyme preparations were kept in an ice trucket.



Radioactive Material:

L-Glutamic acid-Ul-t4c with specific activity of 175 mc/mM was supplied by Biochem
Nuclear Corporaiicn, Buftank, U.S.A.

Enzyme Assay

The assay mixture c*nsisted of 0.9 ml unlabelled .$5 M L-Gluumic acid, 0.6?5 uCi of L-
Glutamic acid-u{--rcc in. .05 ml, and 00.5 ml of either crude enzyme or troiled enzyme in a
total rerction volume of i.45 ml. A carbon dioxide Lrap device involving tlre use of 0.2 ml
Hyamine in a center "well" a$ described by Frx (197!i was employed. The reaction was
started by addition of the enzyme preparation. Incubaiion period was ibr 15 minutes, the
vessels being shaken by means ofa wrist arm shaker. The reaction was siopped by addition
of 0.2 ml 107o T.C.A. The vessels were shaken for arcther 3{} ninutes to ensure complete
carbon dioxide trap. The vial uith hyamirre war wipetl dry and transfened into a scintillation
vessel containing 15.0 ml Bray's scintillation tluid. The mix{ure was thoroughly mixetl and
crxrnted by means of a Nuclear Chicago Scintillator.

Rrsults

Data on label incorporation (table l) indicate ttrat vegetative and flor*l iissues respoird
differently to sero gravity {Og):

The amount of label incorporated into the vegetalive tissues \r:as not aftbcted rnucb
by Og. In conta.ct. the floral shoot showed a marked response to Og espccialiy in terrns of the
amount label that was lodged in the amino acid fractions. Thus while only 17.5S/a of total
rdio-activity was found in the amino acid fraction from fiowers of cr:ntrol planrt, as much
as 47.2Ya of total rarlio-activity was detected in the same fracdon froni flowers of plants

subjected to Og.
Autoradiography of the amino acid hactions frorrr conffol and Og flowers t'urther

revealed staggering differences in label distsibution amongst ihe constituent amino acid.
(Table 2): In the flowersof conuol plants, -aminobutyric ircid{GABA)containedthe greatest
percentageof label(6?.i70)whileonlysmallamountsof label{3.4 -ll.lVo) werefoundin,
aspartate, glutamate and glutamine. ln lhe flowers of Og planx. however, GABA was not
labelled at all. Instead, one of two'spots suspccted to he peptides (becauseof &eir location
on the chromatogram) accumulated praclically alli the r.4i6aqtivit| (* 1007o). Only in-
significanttraceamountsof label weredetected hasparlateandglutamate: Figure l indicates
clearly that glulamic acid decarboxylase activity in leaves subtending the floral shoot of
plants under Og was decreased by 50% when cornpared wilh the acliyity of this enzyme irr

similar tissue of control plants.
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TABLE 1: LABEL INCORPORATION INTO AMINO ACID FRACTION IN TIs.
SUES OF CONTROL PLANTS AND HYPOGRAVTTY PLANTS AFTER
24 HR INCUBATION WITH L.PROLINE .UL. I4C

RADIOACTIVITY: CPM(GFR W0-1.

(Stem + [.eaves)
Control

(Flowers)
Hypogravity Control Hypogravity Total'ac

Total raC itrcorpoated
Amino acids

4.54 x
6.68 x
(14.7)

4.24 x
4.52x
(10.7)

1tr
ltr

106

rtr
ltr
lff

1.63 x 106 1.40 x
2.85 x lff 6.60 x(r7.s) (47.2)

Figures in bracket represent Va of tota|aC incorporated

TABLE 2: DTSTRIBUTIONOF,.,c AMoNGsr AMINO AcIDs rN THE FLo-
RAL SHOOT OF T. PATULA VAR HELEN CHAPMAN A AF'TER 

'4 
HR

INCUBATION WITH L,PROLINE.UL. I{

Amino Acids % Distribution of Labet.

Aspartic acid
Glutamic acid
Glutamince

- Amino butyric acid
Basic amino acids (unidentified)
Others?

PePti6sr'*

3.4
I I.l
10.1

62.1

8.3

:

Hypogravity
?raee
tiil
Nit
i\ rt
Nil" Peptide"*
100

Trat:e

*
rtji

Percentages based on total activity recovered from the paper chromatogram.
Not identified as such but suspected to be peptides.

35

Hypograv$



1.
'Figure l. Relotive glutomia I ocid

decorboxylose octivity. in leoveg
subtrnding flowcrs oi f. potufo 

-
ptonts grown under norrnol lcontro)
ond hypogmvity conditionss

E
u
E

a
!r
o
xoA
d
Ig
t

!
(J
g

.9
e
o
a.
6
o

o
Et

CONTROL HYPOGRAVITY

TREATHEt.'TS

Fig.l
Relative glutamic acid decarboxylase activitpfun leaves subtending flowers of
T- patula plants grolr? under norrnal (control) and hypogravity conditions.
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Discussion

The absence of -amino butyric acid (GABA) in clinostated plants suggesrs a zero graviry
induced inrpairment of glutarnic acid metabolism. That this was indeed the case is evidenced
by the marked decrease in glutamic acid decarboxylase activity observed in this study. Under
normal conditions, glutaunic acid is decarboxytased by this enzyme to produce GABA.
Inactivatisrlof the enzyme should be accompanied by the accumulation of glutamic acid
assuming that this amino acid is not broken down. Results from autoradiography shows very
clearly that only trace amounts of radio-activity was detectable in gtutamate from Og plants

- an evidence that glutamic acid did not accumulate. Apparently, the glutamut" *^
chanelled towards the synthesis of another compound, probably the compound that incorpo-
rated practically all the radioactivity in the amino acid fraction. The chemical identity of this
compound was notestablished in this study. However, from itsposition on thechromatogram
it was suspected to be a peptide. It appears that when glutamic acid decarboxylaie is
inactivated by Og perturbation, another enzyme, probably a glutamyl transferase ryste*,
becomes operative and utilises the glutamate for peptide fomration. A ready flow of tabelted
carbon from the fed subsfiate, holine UL-14C, to GABA and peptides is possible consid-
ering the intimate biogenic relationship between proline and these compounds. Figure 2
outlines these relationships (Bennett 1968).

The sensitivity of the glutamic acid decarboxylase. system of T. patula to weightless.
ness enlists it as a good physiological marker for studies in outer-space environmens. There
is dso the possibility that some peptide synthesizing system is equatly sensitive, It would tre
worthwhile to establish whether these metabolic indieators are appticable ta other phnrs or
other biosystems. Also an important question arises t'rom the results of this study: What is
the physiological implication of the hypogravity induced dismrbance of glurramic rcid
metabolish?
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