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Abstract-When Lenzm gzbba cultures, grown on medium containing x.-glutamate as the sole rutrogen 
source are transferred to medium m which ammomum IS the only source of mtrogen, the activity of a 
NAD-dependent L-glutamate dehydrogenase (GDH) Increases approximately 5-fold over 3 days Upon re- 
transfer to glutamate medium the activity declines to Its uutlal value after a further 6 days The rise m 
activity 1s independent of the presence of EDTA and IS not the result of an increase m the ease with which 
the enzyme can be extracted p-Fluoro-DL-phenylalanme, azetldme-2carboxyhc acid and puromycm but 
not D-threo-chloramphencol, erythromycm or hncomycm mhiblt the increase when included in ammonium 
medium These observatrons, together with those obtamed from the use of a deutermm oxide-labellmg 
technique, suggest that the increase m GDH activity IS due to de nova synthesis on 80s rlbosomes 

INTRODUCTION 

IT HAS previously been reported’ that there IS an increase m the NAD-dependent GDH 
activity present m extracts of Lemna mmor when plants are transferred from a culture 
medium contammg ammo acids to one which contain ammomum as the sole mtrogen 
source Expenments which showed that the Increases m GDH activity were propotional to 
ammonium concentration m the culture medium suggested that the effect might be due to 
enzyme mductlon Later, Joy’ favoured an explanation based upon the observation that the 
enzyme, extracted from cultures grown on ammo acids, was sensltlve to mhlbltlon by 
EDTA, a constituent of the culture medium and solutions used for enzyme extractlon This 
sensltlvlty was found to be progressively lost when cultures, grown on ammo acids, were 
transferred to ammonmm-contammg medmm, so giving rise to the observed increase m 
activity 

We have re-mvestigated these observations usmg Lemna grbba m which mcreases m the 
activity of GDH have been observed followmg transfer from a medmm contammg L- 

glutamate to one contammg ammomum as the sole nitrogen sources The following 
mechanisms have been mvestlgated as possible causes for the observed increases m GDH 
activity; (a) toxic effects of ammomum whrch, as a result of producmg tissue degeneration, 
mcrease the ease with which the enzyme may be extracted, (b) sensltlvlty to mhlbltlon by 
EDTA, and (c) enzyme synthesis de nouo, mvestlgated with the use of mbbltors and a 
deutenum oxide labellmg techmque 

1 JOY, K W (1969) Plunt Phy.szoI 44,849 
’ JOY, K W (1971) Plunt Physzol 47,445 
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Preltmmary Observatrons 

RESULTS 

Rather than grow cultures on the complex ammo acid medium described by Joy’ before 
transfer to ammomum-contammg medium, we decided to try to grow our cultures on L- 

glutamate as sole mtrogen source Accordingly, the ablhty of Lemna grbba to utlhze this 
ammo acid as a nitrogen source was first tested (see Table 1) The concentration chosen as a 
standard for further experiments was 6 8 mM Experiments slmdar to those described by 
Joy’ were now performed m which ammomum (15 mM) was substituted as a mtrogen 
source after I1 day’s growth on medmm contammg glutamate EDTA (2 4 ): IO-’ mM) 
was included In both types of culture medium but not m the enzyme extractton medium The 
increase m GDH actlvlty was measured over 3 days As a control, cultures grown on 
glutamate were transferred at the same time to fresh glutamate medium Extracts of cultures 
transferred to ammomum showed mcreasmgly higher levels of GDH actlvlty with Increased 
time of exposure to ammomum medium compared with extracts of cultures transferred to 
fresh glutamate (see Fig I) Durmg growth on 15 mM ammonium medium, marked 
chlorosls and mhlbltlon of resplratlon occurred 3 75 and 0 15 mM ammomum caused less 
chlorosls although the degree of respiratory InhIbitIon was stmllar (see Fig 2) If, after 3 
day’s growth on 15 mM ammonium, cultures were re-transferred to medmm contammg 
glutamate, the GDH actlvrty dechned and was back to Its orIgIna value after 6 days This 
was accompamed by a recovery from chlorosls and growth of new daughter fronds 
commenced 

TABLE 1 THE EFFECT OF GLUTAMATE UPON GROWTH OF Lemna pbba WHFN INCLUDFD IN A MODIFIED HILL- 
MAN’S MEDIUM, ALL NITRATE RADICALS RFPLACED BY CHLOIUDF 

Concn of L-glutamate 
m growth medmm (mg/l ) 

Dry wt after 12 
days growth (mg) 

Concn of L-glutamate Dry wt after 12 
m growth medium (mg/l ) days growth (mg) 

No mtrogen 
Nltrate (I 5 mM) 

10 
50 

115*15 200 604&47 
44OI12 500 975 + 128 
202 2 34 1000 (6 8 mM) 171 6 i 130 
438&13 

The Eflects of Ammonrum Sulphate and Trrton Xl00 upon the Exfractlon of CDH 

Inclusion of ammomum sulphate m the Tns-acetate buffer extractant had no effect upon 
the amount of GDH activity which could be extracted from cultures grown on L-glutamate 
Trlton X100, however, when included m either extractlon medium or m growth medmm 
(see Fig 3) always led to increases m the amounts of GDH actlvlty extracted, except when 
supplied m growth media at toxic levels Trtton Xl00 at 1 I:‘, concentration had no effect 
upon the enzyme m vitro, even after prolonged mcubatlons 

Studies with Inhlbltors of Plotern Synthesrs 

The effect of these mhlbltors (D-threo-chloramphemcol, hncomycm, and erythromycm) 
on the growth of Lemna was tested by growmg cultures on L-glutamate medium contammg 
a range of concentrations of the former Their effects were then studled upon the levels of 
GDH activity present in extracts of cultures which had been pre-grown on glutamate 
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medium for 11 days and then transferred to ammonium medmm plus mhlbltor for a further 
3 days D-three-Chloramphemcol was used at 0 1 mM concentration, lmcomycm at 0 67 PM 
and erythromycm at 1 5 mM concentrations All 3 compounds inhibited growth m the test 
described above by 99,25 and 80 % respectively. However, none of the compounds inhibited 
the increase m GDH activity detected m extracts of ammomum-grown cultures In fact, 
D-three-chloramphemcol after 2 days treatment and hncomycm after three resulted m higher 
levels of activity being detected than that present m extracts of control cultures (see Fig 4). 

ICOO - 

600 - 

o Ammonum 

A Glutamate 

0 I 2 3 

Days after transfer 

FIG 1 THE INCREASE IN NADH-DEPENDENT GDH 
ACTIVITIES IN EXTRACTS OF Lemzza gzbba WHEN 
TRANSFERRED PROM GLUTAMATE TO AMMONIUM 

MEDIUM 
Cultures were pre-grown for 11 days upon gluta- 
mate (6 8 mM) medmm and then transferred to 
either ammomum (15 mM) medmm or fresh gluta- 

mate (6 8 mM) medmm 

650 t A Ammomum 15 ?IM 
0 Ammomum 3 75 mM 

. Ammomum 0 I5 mM 
0 Glutamate 6 6 mM 

550 

FIG 2 THE EFFECT OF VARIOUS CONCENTRATIONS 
OF AMMONIUM SULPHATE UPON THE RESPIRATORY 

RATE OF Lemna gzbba 
Cultures were pre-grown on glutamate for 11 days 
(6 8 mM) and then transferred to ammomum 
medmm Control transferred to fresh glutamate 

(6 8 mM) medmm 

1501 I I I 

0 I 2 3 
Days after transfer 

Ammo acid analogues and puromycm were used m a slmllar way to that described for the 
70s mhlbltors, though not enough of these compounds were available to test their effects 
on growth Azetldme-2-carboxyhc acid and p-fluoro-IX-phenylalamne, when included m 
ammomum medmm, completely halted the rise m GDH actlvlty and after 3 days the level 
of actlvlty present m extracts of these cultures was slightly lower than that present m 
extracts of control cultures on glutamate alone (see Fig 5) Both of these compounds were 
found to mhlblt resplratlon of Lemna grbba, azetidme-2-carboxylw acid at 1 mM by 67 % 
and p-fluoro-DL-phenylalanme at 0 55 mM by 75 % Puromycm (1 0 mM) produced a shght 
mhlbltlon of the nse m GDH actlvlty after 2 days growth on ammomum and strong m- 
hlbltlon after 3 days (see Fig 6) 
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Deuterrum Labellmg Experrments 
Lemna cultures were pre-grown on L-glutamate medium and then transferred to aqueous 

ammonium medium or to 50:; deuterlum oxide (99 8 “i purity, tntlum-free)-ammonium 
medmm for 3 days Though deuterlum produced some chlorosls at this concentration, the 
rises m GDH were of a slmllar order to those detected on aqueous ammonium medium 
Control cultures were pre-grown on glutamate medium and then transferred to either fresh 
aqueous glutamate medium or to 50 74 deutermm oxide-glutamate medium 

I q  Trlton/Butfrr 
0 Trlton/Glutamatr 

500- 

o AmmmwnU5mM)+o-thm- 
chloramphrncol(0 ImM) 

AAmmon1um+lincomycln(067m~) 
2500 0 Ammonium+srythromycln(l5mM) 

l Control for D-Mrti-Chloramphon~colr 
trmtments (ammonia 

log eanc. of Tritm X 100 ppm Days after transfer 

FIG 3 THE EFFECT OF INCLUDING TRITON xl00 IY FIG 4 THE FFFECT OF VARIOUS ANTIBIOTICS UPON 
EITHER EXTRACTANT OR GLUTAMATE MEDIUM UPON THE NADH-DFPFUDFUT GDH ACTMTIES DETECTED 
THE NADH-DEPENDENT GDH ACTIVXTIES DETECTED IV EXTRACTS OF Lernnafilbba GROWN IN AMMONIUM 

IN EXTRACTS OF ,%ml?U @b/l0 

Cultures were pre-grown on glutamate (6 8 mM) 
medmm and then transferred either to fresh ‘gluta- 
mate (6 8 mM) medmm and extracted after 3 days 
with buffer contamrng Trlton Xl00 (1000 ppm) or 
to glutamate (6 8 mM) medmm contammg Trlton 
Xl00 and extracted wlthout Trlton Xl00 In the 

buffer 

MEDIUM 

Cultures were pre-grown on glutamate (6 8 mM) 
medium for II days and then transferred to am- 
monium (I5 mM) medrum contammg D-lhreo- 
chloramphemcol(0 I mM), lmcomycm (0 67 mM) 
erythromycm (I 5 mM), and fresh ammomum 

medrum 

The density of GDH present m extracts of these cultures was then determmed, as described 
m the Experimental, by centrlfugatlon on caeslum chloride gradients The dlstrlbutlon of 
GDH actlvlty on such gradients IS shown m Fig 7 for the enzyme present in extracts of 
cultures grown on aqueous ammomum medium and on deuterlum oxide-ammomum 
medium Slgmficant differences were detected between the densities of the enzyme extracted 
from these two sources wrthm any one experiment mdlcated in Table 2 It was also observed 
that the greater the increase m the enzyme actlvlty, the greater was the den&y shift Table 2 
also shows the densities of the GDH determmed, m two separate experiments, for the enzyme 
present m extracts of aqueous glutamate cultures and deuterlum oxtde-glutamate cultures 
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The density shifts observed were small compared with those obtained on ammonium 
medium In both experiments, a slight increase m GDH actlvlty was detected upon transfer 
from aqueous glutamate to deutenum oxide-glutamate medium When GDH density shifts 
were compared with reference to the densities of glucose-6-phosphate dehydrogenase or 
alcohol dehydrogenase which were included as markers during some experiments (Table 3), 
significant density shifts for GDH mdlcatlve of de noto synthesis could not be reproducibly 
demonstrated This was thought to be caused by the large varlablhty m the density values 
recorded for these two marker enzymes 

q  Ammon~um (15mM) only 

lOOO_ oAmmonlum+p-fluro-oL- 
phsnylohne (0 55mM) 

. Ammon!um+ aretldms- 
P-corb.xyl~c acid (0 I mM) 

I I I 
0 I 2 3 

Days after transfer 

FIG 5 THE EFFECT OF AMINO ACID ANALOOUES 
UPON THE NADH-DEPENDENTGDH ACTIVITIES IN 
EXTRACTS OF Lemna glbba GROWN IN AMMONIUM 

MEDIUM 
Cultures were pre-grown for 11 days on glutamate 
(6 8 mM) medmm and then transferred to 
ammonmm (15 mM) medmm contammg p-fluoro- 
DL-phenylalanme, (0 55 mM), azetldme-2-carb- 
oxyhc acid, (0 1 mM) or fresh ammomum (15 mM) 

medmm alone 

0 Ammontum contolnlng puromycm 

Days after transfer 

FIG 6 THE EFFECT OF PUROMYCIN UPON NADH- 
DEPENDENT GDH ACTIVITIESDETECTED IN EXTRACTS 
OF Lemnagrbba GROWN IN AMMONIUM MEDIUM 

Cultures were pre-grown on glutamate (6 8 mM) 
medmm for 11 days and then transferred to am- 
monmm (I5 mM) medmm or to ammomum 
medium (15 mM) contammg puromycm (1 0 mM) 

Electrophoresls of Lemna glbba GDH 
Disc electrophoresls of extracts of L-glutamate-grown cultures upon 7 5 % polyacrylamlde 

gels followed by the detectlon of GDH activity usmg a tetrazohum stammg procedure 
revealed the presence of a single formazan band with a R, value of 0 36 (mobdlty relative to 
bromophenol blue marker) Electrophoresls of extracts of cultures grown on ammomum for 
3 days also showed this formazan band and m addltlon, immediately behind It, another much 
broader formazan band (stretchmg to R, 0 30) This formazan band was never detected on 
formazan-stained gels of glutamate-grown cultures 
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TABLE 2 BUOYANTDENSITIESOF&WI~~ GDH 

Experiment 
Buoyant density Buoyant density 

‘hght enzyme ‘heavy’ enzyme 

Buoyant density 
Increase of 

enzyme m DZQ 
Fold Increase m GDH 

actlvlty over 3 days 

Glutamate to ammonium transfer 
1 1 3359 

2 13159 

3 1 3379 

1 3638 0 0279 63 
1 3569 0 0210 
1 3359 0 0200 45 
13317 00158 
1 3442 0 0063 41 
1 3493 00114 

Glutamate to glutamate transfer 
4 1 3291 

5 1 3253 

1 3338 
1 3333 
1 3295 

0 0047 17 
0 0042 
0 0042 12 

Calculated from the dlstr!butlon of the enzyme on caesmm chloride gradients, extracted from cultures 
pre-grown on glutamate (6 8 mM) medmm for 11 days and then transferred (experiments l-3) for a further 
3 days to either 50% D,,O (99 8~~-tr~t1um-free)-ammonlum (15 mM) medrum, designated ‘hea\y enzyme’, 
or to aq ammomum (15 mM) medmm designated ‘hght enzyme’ In experiments 4-5 plants were pre-grown 
on glutamate (6 8 mM) for 11 days and then transferred for a further 3 days to either 50 % D,O (99 8 %-- 
trltmm free)-glutamate (6 8 mM) or to aq glutamate medium (6 8 mM) 

1356 

1352 

0 IO 20 30 40 50 60 70 80 90 100 
Fraction Na 

x 
E 

1360 

B 
1356 

2 1352 
" 0 IO 20 30 40 50 60 70 80 

Fraction No 

FIG 7 DISTRIBUTION OF NADH-DEPENDENT GDH ACTIVITIES ALONG A CAESIUM CHLORIDE 
GRADIENT (see Expertmental) 

The GDH was extracted from cultures pre-grown for 11 days, on glutamate (6 8 mM) medium and 
then transferred to either 50% deuterlum oxide (99 8 %, tntmm-free)-ammomum medmm (15 mM) 
(a), or to aqueous ammomum medium (b) for three days In each, 0 1 ml extract was added to the 
caesmm chloride solutions and then centrifuged at 147 000 g for 68-72 hr at 4’ Then smgle-drop 
fractions were collected for the determmatlon of refractive mdlces and NADH-dependent GDH 

actlvlttes 



Effect of mtrogen sources on L-glutamate dehydrogenase of Lemna grbba 

TABLE 3 FURTHER BUOYANT DENSITIES OF Lemnu GDH 

1943 

“Buoyant density 
of GDH 

Fold Increase 
bBuoyant density GDH density shift m GDH actlvlty 

of marker a-b relative to marker over 3 days 

Glucose-dphosphate dehydrogenase as marker 
(I) Light 1 3159 1 3059 

(II) Heavy 1 3359 1 3222 
1 3317 1 3069 

00100 
00137 0 0037 4s 
0 0248 0 0148 

Alcohol dehydrogenase as marker b-a 
(I) Light 1 3359 1 3651 0 0292 

(II) Heavy 1 3638 1 4102 00464 0 0172 
1 3569 1 3850 00281 (--) 00011 63 

As m Table 2 except that plants were transferred only from glutamate to ammomum medium Shifts m 
GDH density were then calculated relative to the density of markers, glucose-6-phosphate dehydrogenase or 
alcohol dehydrogenase included m the samples apphed to the gradients 

DISCUSSION 

Our observations using Lemna grbba and a sltghtly different experlmental procedure, have 
confirmed the observations of Joy’ using Lemna mmor, that when cultures are transferred 
from medmm contaming ammo acids to one contammg ammonmm as sole nitrogen sources, 
an increase m GDH activity 1s observed 

Joy2 suggested that this increase was due to the fact that the enzyme extracted from ammo 
acid-grown cultures was very sensltlve to mhlbltlon by EDTA, a constituent of his culture 
medium and enzyme extractlon solutions This property was progressively lost upon culture 
on ammomum medium hence glvmg rise to the increase m GDH activity When EDTA was 
omitted from our growth medium, it never having been a constituent of our extraction 
solutions, the kmetlcs of mcrease m GDH activity upon transfer to ammomum were the 
same as m its presence We have, therefore, discounted changes m sensitivity of the enzyme 
to mhlbltlon by EDTA as a mechanism for the observed increase 

The observations of Purltch and Barker3 that prolonged exposure of tomato leaves to 
ammomum sulphate causes deterloratlon of the ultra-structure of cells, especially notable m 
chloroplasts, suggested to us, together with the observed chlorosls m our cultures after 3 
days growth on ammonium, that the observed rise m GDH activity might be due to an 
increase m the ease with which the enzyme could be extracted owing to deterloratlon in 
membrane structure To our knowledge, however, there are no exlstmg reports upon the 
beneficial effects of salts upon the extraction of GDH 

In so far as we have found that ammomum sulphate has no effect upon the amount of 
GDH activity extracted when included m the extraction buffer, it would appear that Its 
behavlour IS different from that of Trlton X100, though the posslblhty exists that Its effective- 
ness 1s only seen m long term Furthermore, we have never been able to obtam levels of 
GDH activity m extracts of cultures grown on L-glutamate-Tnton-medium which are as high 
as those obtained on ammomum medium 

Evidence that Trlton Xl00 produces an apparent increase m GDH activity when included 
m glutamate medium by faclhtatmg enzyme extractlon 1s as follows GDH activity present 

3 PURITCH, G S and BARKER, A V (1967) Plant Physrol 42,1229 
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m extracts increases with mcreasmg concentrations of Trlton Xl00 m extractlon buffer, 
0 5% Trlton In the latter 1s almost equivalent In its effect to 0 I O. included m glutamate 
medium Since Trlton Xl00 has no In rwo effects upon GDH acticlty, Its sole action uould 
appear to be Its mfluence upon the hberatlon of enzyme from the tissue It IS, we feel, 
reasonable to suppose that increasing time of culture of Lrmna upon glutdmate-Triton Xl 00 
medium ~111 cause lncreaslngly greater amounts of enzyme to be liberated owing to ac- 
cumulation of the detergent by the plant Lower amount? of detergent ~111 be required 
therefore, to liberate equivalent amounts of enzyme compared with when Trlton Xl00 JS 

mcluded m the extraction buffer Our results support this hypothesis although other ex- 
planations are possible 

Even though used at concentrations which strongly mhlblt growth, D-thleo-chloram- 
phemcal, lmcomycln and erythromycm did not prevent the rise m GDH actiklty when 
cultures were transferred to ammonium medium This indicates that de-notlo synthesis of 
GDH does not take place, If at all, on 70s rlbosomes The slight stimulatory effect of D- 
three-chloramphemcol and lmcomycm mdy lndlcate that there are present m Lemna, 
proteins synthesized on 70s rlboqomes, which normally lnhlblt the dctlvlty or synthesis of 
GDH and which are themsehes being InhibIted by these compound\ Although both 
azetldme-2-carboxyhc acid and p-fluoro-DL-phenyldlanme lnhlblt the ~tl\lty rise, then- 
effects are difficult to Interpret, owing to their mhlbltlon of respiration and possibly other 
metabolic processes 4 ’ In the absence of any known side-effects, puromycm IS thought to be 
a fairly specific mhlbltor of protein synthesis This compound mhlblted the ammomum- 
stimulated Increase of GDH actlvlty by 171;: after 2 days and 49:; after 3 days It has been 
suggested6 that owing to Its size and low hpld solubthty puromycm penetrates slowly mto 
plant cells and this may account for the delayed action of the compound observed here If it 
1s accepted that this mhlbltory effect of puromycm IS medlated through an action OJI protein 
synthesis, then we may conclude, m the absence of any effects of mhlbltors of protein 
synthesis on 70s nbosomes. that the observed rise 111 GDH actlvlty IS due to enzyme 
synthesis on 80s rlbosomes 

The average shift in the buoyant density of GDH, determined from three separate ex- 
penments, when plants were transferred from aqueous glutamate medium to deutermm 
oxide-ammonium medium was found to be 0 017 when density shifts were calculated directly 
by subtractlon of the relevant ‘light’ GDH density values from the correspondmg ‘heavy’ 
values The maximum shift to be expected when all carbon-bound hydrogen exchanges with 
deutermm in a protein of mean density 1 33 IS about 0 06 7 For several reasons we could not 
expect to record such shifts under the experImenta condltlons employed here The fact that 
much smaller shifts were recorded (0 004, the average of two experiments) when plants were 
transferred from aqueous glutamate to deutertum oxide glutamate medium suggests that 
only a small part of the density shift observed upon transfer to deutenum-ammomum 
medmm IS due to exchange or turnover Provldmg that the rate of hydrogen-deutenum ex- 
change between GDH and deuterlum oxide IS the same In deutermm oxide-ammonium 
medmm as that in deutermm oxide-glutamate medmm, we are led to interpret these 
observed shifts in density m terms of mcorporatlon of deuterated ammo acids durmg de 
nouo synthesis of enzyme m these experiments Why this conclusion cannot be wholly 

4 WALTON, D C (1966) Plant Physlol 41, 1549 
’ MILLER, J and Ross, C (1966) Plant Phyd 41, 1185 
6 NOODEN, L D and THIMAYY, K V (1966) Planf Physrol 41, 157 
’ Hu, A S L , BOCK, R M and HALVORS~~, H 0 (1962) Anal Bochem 4,489 
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substantiated when density shifts are calculated with reference to the densities of commercial 
enzymes used as markers 1s not fully understood, but there are two possible explanations 
Impuntles m the GDH extract (e g carbohydrates) may be complexmg with the markers on 
the gradient resulting m the production of species of variable density Additionally, these 
lmpuntles may also be deuterated and able to undergo deutermm-hydrogen exchange with 
the markers producing varying degrees of density labellmg These ideas are supported by the 
fact that, m each case, the density of markers 1s greater when they are present with deuterated 
GDH extracts However, since the experiments without enzyme markers all indicated ag- 
mficant density shifts, we conclude that de novo synthesis of GDH IS occurrmg upon 80s 
rlbosomes 

Similar effects* of ammonium have been described for rice roots In this case, the rise was 
claimed to be not only due to synthesis of constltutlve enzyme, but also to the appearance 
of a new form of the enzyme, detected by electrophoresls and present m the soluble fraction 
of the root extracts The results of our electrophoretlc studies on Lemna gibba GDH also 
suggest the appearance of a new species of the enzyme present m extracts of ammomum- 
grown cultures However, this observation could also be explained on the basis that the 
ammomum treatment changes the shape and/or charge of a proportlon of preexlstmg GDH 
molecules Further mvestlgatlon on this point 1s required 

Other reports on the stlmulatory effect of ammomum upon the activity of GDH have been 
reported for various species g Such increases make available a mechanism whereby the plant 
can increase the rate of removal of ammonium and possibly avoid toxic effects Clonal, 
sterile and easily cultured material offer many attractions to those interested m enzyme 
mductlon m green plants and this 1s the reason why the plant Lemna IS chosen for these 
experiments However, though our data strongly suggest de novo synthesis of the GDH, m 
this case, the fact that the substrate causes the side-effects noted may very well outweigh 
some of these advantages 

EXPERIMENTAL 
Plant materral Lemna grbba was grown aseptlcally at 22-25” under ‘Warm White’ and ‘Gro-Lux’ fluor- 

escent tubes on 30 ml of modified HIllman’s medlum’O contammg 1% w/v sucrose, pH 4 6, m 100 ml 
Erlenmeyer flasks The medmm was sterlhzed by autoclavmg at 15 psi for 15 mm Medmm contammg m- 
hlbltors was sterlhzed usmg a ‘Mdhpore filter assembly N&ate was replaced by chlonde ions, mtrogen 
bemg supphed either as (a) L-glutamx acid, 6 8 mM, (b) (NH4)$04, 15 mM with respect to ammomum, or 
(c) KN03, 15 mM with respect to m&ate 

Enzyme extractton and assay The plants were rmsed with dIstIlled water and then homogemzed at 4” m a 
porcelam dish with a glass mortar m 2 5 vols of 0 2 M Tns-acetate buffer, pH 8 2 The resultmg brew was 
stramed through two layers of No 13 gauge mushn and the filtrate centrifuged for 12 5 mm at 2000g 
The resultmg supernatant was centrifuged for 30 mm at 45 000 g and the supernatdnt obtained was used for 
GDH assays as described by Lea and Thurman I1 The umt of GDH actlvlty was defined as a 0 001 ab- 
sorbance umt change per mm at 340 nm DISC electrophoresls followed the method of Ornstem and DavIesI’ 
and GDH actlvlty was detected on the gels by the method of Thurman et al I3 

Resprratory measurements These were made m darkness at 27” m the presence of 1% sucrose, 20% NaOH 
m the centre well of the flask usmg a Gllson resplrometer 

Isopycmc denszty gradrent centr&garlon of GDH Gradients slmdar to those described by Longo“’ were 
used 2 42 ml of a solutlon of caesmm chloride (0 76694 g/ml) m 0 2 M Tns-acetate, pH 8 2 was overlayered 

8 KAYAMORI, T , KONISHI, S and TAKAHASHI, E (1972) Phystol Plant 26, 1 
9 WEISSMAN, G S (1972) Plant Physzol 49, 138 

lo HILLMAN, W S (1961) Am J Botany 48,413 
I1 LEA, P J and THURMAN, D A (1972) J Exp Botany 23,440 
I2 ORNSTEIN, L and DAVIES, B J (1961) Due Efectrophoresrs, Preprrnt dlstrlbuted by Kodak Ltd , Kirby, 

Liverpool 
I3 THURMAN, D A , PALIN, C and LAYCOCK. M V (1965) Narure 207, 193 
I4 LONGO, C P (1968) Plant Physlol 43,660 
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by 2 48 ml of the same buffer m a 5 5 ml cellulose mtrate tube, 0 1 ml of enzyme extract was added and the 
tube centrrfuged at 147 000 g for 68-72 hr at 4” In some experiments, commercial preparations of either 
glucose-6-phosphate dehydrogenase or alcohol dehydrogenase were mcluded upon the gradients as density 
reference markers In each case ca 100 umts of enzyme actlvlty was apphed to the gradients After centrt- 
fugatlon the gradlent was fractionated mto smgle drop fractions Some of these were used to locate GDH 
activity and marker enzyme where appropriate while the remamder were used for the determmatlon of 
refractive Index at 20” The densltles of GDH and markers were calculated from these measurements usmg a 
converslon formula derived from a computer double regression analysis of data rn Handbook of Phystcs and 
Chemistry ‘5 This Indicated that, although a lmear relatlonshlp, similar to that quoted by Ifft, Voet and 
Vmograd16 for 25” can be derived at 20’, a more accurate quadratic solution IS to be preferred The relatlon- 
ship employed was 

2op = 5 6937 - 16 922 p -L 10 052 (p*), where p = refractive Index, *Op ~- density at 20 
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