


one to study young, low-salt tissue concomltantly with older, high-salt
tissue.

Malic dehydrogenase was chosen as the enzyme to be studied since 1t:
1, has representative isozymes both within the organelles and the eytoplasm;
2, has been extensively studied in glycophytfes subjected te saline conditions;
and 3, can be measured with a high degree of reproducibility,

MATERTALS AND METHODS

Young, green stems and the older, red stems were obtained from Salicernia

California. The chemicazl composition of the bay water In which they were
groving was glven by Gibor (1936)., Osmotic values were calculatad from
freezing point depression wvalues of their expressed sap measured by a Beckman
differential tharmomster. Protein content of the two types of tissue was

tation by perchloriec acid (7%).

Mitochondrial, chloreplast, and supernatant (cvtoplasmie) malic dehydro-
genase (MDH) were isclated from the stems by a wmodification of the method of
Brandon (1967) devised for enzymatic studles on succulent tissues. The pro-
cedure comsisted of grinding L0 g of freshly havvested stems in 50 ml of a
medium that was 0,35 M mannitol, 0,1 M Tris-HC1, §.01 M cysteine,and 2% Cw/v)
bovine serum albumen (pH 7.€) in a chilled mortar. The homogenate was squeezed
through four layers of cheesecloth and cenirifuged at 100 x g for 5 minules,.
Chloroplasts were sedimented from the supersataat by centrifugation of 1000
x g for 10 minutes. The supernatant from this step was centrifuged for 30
minutes at 15,000 = g to obtain o mitochondrlial Evaction. Tha witcchondrial
and clloroplast pellets were each suspended in 5 wl of (.35 I mannitol. The
last supernatant was retained as the gource of supernatant MDH.

Malic dehydrogenase was assayed by following the oxidation of WADH at
340 nm in a Zedlss PM QIT spectrophotometer, The components of the assayv
medlum were: Tris, 200 yuoles, pH 7.4; MgCl,, lﬁﬁimoles; oxaloacetic acid
{freshly prepared and neutralized before usef, 2 gymoles; KADH, 0.2 yymoles;
malic dehydrogenase fraction, 50 @t1; and distilled water or the appropriate
solute solution to 3.0 ml total volume. Varliations in substrate and solute
coucer.tration are presentad in the results. Both ¥aCl and sucrose were
employed as assay osmotica. Mitochondria and chloroplasts were solubilized
where noted by including 30 (1 of Tween-20 in the assay medium,

Results are expressed as units (A0.D. of 1,01/min} per g fresh welght.

The osmotic values obtained from the voung, low-salt tissue and older,
high-salt tissue used throughout the experiments were found to averape
{three determinations) ~5.8 and -20,7 bars, respectively.

Pratedin content (mg/g fresh weight) was found to average (three deter-
rinations) 15.4 and 9.6 for the low- and high-salt tissues, respectively.

Mitochondrial MDIE from green, low-salt tissue was found to be stimulated
by ¥aCl in concentrations of up to 0.2 M (Table 1). Above 0,2 M, howevar,
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TARLE L, MDH Accivity of Intact and Solubilized Mitochendria in the Presence
of Varying Comcentratiens of NaCl.

Molsrivy of Units of MDH % Inhibition Units of MDH # Inhibitio
NeCl din from Intact (I) or Stimu— from 3olubil— {I) or Stim
Assay Mitochondria lation {3) ized Mito- lation (5)

Mediam Per Gram Fresh over Control chondria over Contro

Welight of Tissue

D {Control) 70 0 250 0
G.2 105 33.3 (5) 345 38 (S
0.4 70 0 210 15 (I
1.0 30 57 (1) 85 66 (I
1.5 30 57 (I) 75 70 (1

increasing NaCl concentration progreasively veduced MDH activity, Solubil-
{zation of the MOH brought about approximately a three-fold stimulation of
activity in the control and at all concentratlons of KaCl up to 1.5 M,
Although the MDH activity was always hipgher followling sclubllization, the
response to increases in NaCl closely paralleied that of the enzyme in the
intaet mitochondrion.

The salt effect on witochandrial MDH from low-salt tissue was no
different from that of MDH isolated from high-salt tissue (Table 2). The
total units of mitcchondrial MDH were, however, always about 30% less in the
high-gsalt tisgue,

TABLE 2. Effect of Salt on MDH Activity of Intact and Solubilized Mitochondr
fvom Low- and High-Salt Tissue.

Molarity of Units of MDH % Inhibitlon Units of MDH % Inhibiti
Nall in from Intact from Solubil-

Assay Mitochondria ized Mito-

Fedium Per Gram Fresh chondria

Weight of Tisaue

Green, Low-Salt Tissue

.08 75.0 b 300 0

C.75 28.5 62 130 56
Red, High-Salt Tissue

0.00 43.0 0 160 4

C.75 17.0 60 75 53

b Inqreasing tissue salt concentration did not affect the relative distri
?f.on of the MDH among the subcallular fractions (Table 3). While lower
vaiues of MDH (A, 50%) were observed in the fractions from high-salt tissuc

relative distribution of MDH was found to he about the same » v
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DISCUSSION

The MDH iscozymes of the halophyte Salicornia pa?ifica show the rise
in activity (in vivo) with increasing salt ?oncentratlwn as has beenlpre—t .
viously reported (liatt and Hvans, 1961 Welwberg, 1970). Howeverﬁ }mpor an
differences in magnitude exist. While the soluble MDH ?rom paas shows taber
maximal activity at 0.02 M NaCl and inhibition to totality at 0,3 M ?Je bl e;g,
1967, that from Salicornia 1s maximally stimulated at 0,2 M NaCl. Moreover,

considerable activity of the Salicornia MDH isozymes may be chserved at 1,5
M NaCl, This much greater activity in high NaCl concentration may reflect
gome structural adaptatlon in the MDH of Salicornia,

A progressive inhibition of the MDH in the intact nmitochondrion due
to increasing assay solute concentration was obhserved, However, the nature
of this Inhibition is not solely due to an osmotically-induced vestriction
of substrate penetration as suggested by Atwonson and Davis (1967). There
iz dnstead, a parallel decrease In activity under similar solute conditions
in the solubilized enzyme, Flowers and lansen (1969) found a similar response
for the MDH of soybean mitcchondria. In additioun, Atmonson and Davis (1967)
found no difference ln inhibition exerted by WaCl and sucrose. The MDH of
Salicorria whether solubilized or within the mitechondrion, is inhibited to a
much greater degree by sucrose. While Flowers and Hanson (1969) ohserved
a difference between sucrose- and KCl-induced inhibition, the KCl was reported
Lo be more inhibitory. The opposite was seen in the present study, where the
salt (NaCl) was less inhibitorv than sucrose, These findings nay indicate
an osmotically-induceéd inhiblition due to a non-penetratable sucrose and & mere
tolerant enzyme to the penetrating NaCl. “he similar ragnitude of inhibition
of the solubilized MDIl by sucrose and ¥aCl iandicates that there exlsts a
true inhibitory effect from lowered ¢ per se. This may result from an altered
hydration as postulated by Flowers and Hanson (1969}. It is unlikely that
there was inhibition due to increased substrate levels accompanying volume
decrease in the osmotically-contractad mitochondrion. The MDU actlvity
suppressed by L M NaCl could instead be completely restored by increasing
the substrate concentration,

The constancy in distrdbution of M among the subcellular fractions as
the tissue rose in internal salt content is probably ancther manifestation
of adaptation in Salicornia (Table 3). The lower activities of MDH in the
high-salt tissue are more apparent than real. This results from the
expression of activity as wnits per gram fresh welght., As noted in the
Resivlts section, due to increased succulence in the high-salt tissue, the
protein values per gram fresh weight deciined. Specific activities of the
malic dehvdrogenases were then mot greatly different.

There appeared te be no slgnificant difference ir degree of salt
inhibition betwsen that exerted on mitochoudrial MDH from low— or high-salt
tissue. This indicates thar there is no change in mitochondrial or MDH
enzyme structure as the tissue ages and rises {in salt content. The MDH of
the supernatant from high-salt tissue does seem to be more salt tolerant to
Ligh FaGl concentration in the assay medium (Table 4}, The significance of
this observation may lie in the fact that this latter isozyme 1s not compart-
mentalized and wmust funetion in the low water activity that results from
incressing tissue salt,
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