
THE AXON OF SALT XJPTAKE BY D-SERINE 

INTRODUCTION 

Tm mechdsm of salt uptake by plants is not known but experiments with inhiiitors such 
as cyanide and carbon monoxide have conilrmed that it is dependeat on respiration, at least 
ianon-groen~~andsomeoftht~tid#ibloffhtmccbanjSmof~tup~suagesta 
close connexion between the two.1*2 The cornerstone of these theories is the phenomeIK)n of 
salt respiration, that & the ilNlWseintberateof~genu~kedisplayedbysomeplant 
tissues when they are Wn&rredfkomwatertoasaltsoh&n;greatimporkncehasbeen 
attachedtothisphenomwonaaipossibb~~~~the~~~~~yofsome~p~~~ 
component particularly involved in the process of salt accumulation. However, it is also true 
that salt respiration cannot always be demonstrated when a tissue is taking up salt,j and 
alternative explanations for salt respktion when it does occur are not hard to devise. It is 
not sag that compounds which inhibit or uncouple respiration also ix&i&it salt up 
take; a more useM compound for the under&ndingoftheproceasofsaltuptakewouldbe 
one which had no dkernible e&ct on respiration but which yet inhibited the uptake of salt. 
~utclifk recently reported’ that the antibioticchloramphenicolwhen supplied to plant tissues 
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at high concentrations would inhibit the uptake of ions without affecting the uptake of 
oxygen, and commented that this finding supported the suggestion of Steward and Milla 
that salt uptake was more closely connected to protein synthesis than to respiration per se. 

previous work6 has shown that the D-isomer of the amino acid serine inhiiits the uptake 
of sulphate by beet slices; the present paper extends this tinding.’ The effect of u-serine and 
some structurally related compounds on the uptake of five other ions besides sulphate is 
reported, and three plant tissues besides beet slices have been used; some of the ways in which 
n-serine could be exerting its effect have been eliminated. 

RESULTS 

1. Inhibition of Ion Uptake by D-Se&e in Several Tissues 

Many of the experiments on the inhibition of salt uptake by D+erinehavebeencarried 
out with sulphate. The uptake of sulphate is reduced to about half by l-5 mM n-serine in 

3 hr (Fig. 1) and therefore sm experiments were performed with these conditions, The 
effect is not restricted to sulphate; o-se&e reduces the uptake by plant tissues of at least five 
other ions, including both cations and anions. The inhibition of the uptake of sodium, 
phosphate and potassium ions by beet and carrot slices is shown in Table 1. Similar inhibitions 
have been obtained of the uptake of nitrate and chloride by beet slices and of the uptake of 
sulphate by turnip slices and excised pea roots (Table 4). 

Uptake of n-serine by the tissue is necessary for a demonstration of the inhibitory effect 
on salt uptake, and inhibition appears to depend to some extent on the amount of o-serine 
taken up. From Table 2 the effect of various concentrations of o-serine on sulphate uptake 
can be seen. In the range l-5 mM tbe rate of uptake of o-serine is approaching saturation; 
increasingtheconcentrationfrom l-5mMincreasestheuptakebyonlyabouttwo-fold. When 
the concentration of n-serine is increased to 50 mM only a relatively small further increase in 

the degree of inhibition of salt uptake is obtained. With potato slices no uptake of n-serine 
was found, and no inhibition of salt uptake could be demonstrated. 

5 F. C. hBWAl%D and P. K. h&m, Syw. Sot. Exp. Biol. 8,367 (1954). 
6 R J. Em Phymchmthtry 2,129 (1963). 
7 R. J. m, K. W. JOY and J. P. Sumnm, Btocbem. J. S7,39P (1963). 
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2. Eflect of Rehted m and ~-Amino Adi3 

The homers of alanine and threonine, the two amino acids most closely related in 
structure to serine, also inhiit the uptake of sulphate (Table 2). However, D-serine is more 
e&ctive than either ~alanine or ~threonine and this is eqecially evident when the uptake 
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of these inhibitor5 is considered. The ~-isomers of serine, alanine and threonine have no 
simt c&ct on sulphate uptake, although they themselves are taken up by the slices at 
rates closely similar to those of the ~Gomers (Table 2). 

The aiwat of chloramphenicol on salt uptake has, been compared with that of D-serine, 
and at a similar concentration, chloramphenicol produces a comparable reduction in ion 
uptake with beet and carrot slices (Table5 1 and 2). With excised pea root5 the antibiotic is 
far more efkctive than u-serine and almost completely suppre55e5 the uptake of sulphate 
(fable 4). 

3. Further Invedigations of the %!?erine Eflect 

A number of observations bearing on the mechanism of the inhibition by ~serine have 
been made. 

(a)&jj%.x. Aninhi\litormayai~thepermeabilityofa~~sothatana~tre- 
ductionintheinlIuxofanionisduetoankrea5edeBux. Thisexplanationha5beenruled 
out for D-serine by an experiment in which beet slices were allowed to accumulate labelled 
sulphate for 3&r, rinsed briefly in water, and then placed in water, D-5erine, or a solution of 
unlabelled sulphate. About 5 per cent of the accumulated label rapidly appears in the external 
solution but there i5 no difference between the amounts released in the three cases. 

(b) &ver&.Mty. The inhibitory e&ct of treatment with u-serine is largely removed by 
washing the treated slices in water for 16 hr (pi. 2), indicating that no permanent damage to 
theti5sueha5occurmd. 

(c) Competition. In view of the structural dkimihuity between uterine and the ions it is 
unlikely that the inhibition by u+erine is cau5ed by competition between u-serme and the 
ions for “ab5orption sites” in the tissue. However, the possibility of competition ~88 te5ted 



~m~g~u~eof~ inthepresemxaadabsenoeofvariousions. Itwasfound 
that the prwreace of potassium chloride, potassium nitrate, potassium sulphate, potassium 
dihydrogen phosphate and sodium sulphate in 5 mM concentration did not affect the rati of 
uptakeofUc(1 mM)bybeetslices. Ineachcase1~4-1.6ClmolesofD-serinewen:takcn 
up in 1 hr, and 4-l-4-3 holes iu 6 hr. 

: 
W&C 100 Water % 
Watg 95 D-SerimsmM 

: 
KC32mM Kcl2rnM 1: 
xca2mM iii KCl2mM-b 

-5mM 118 

NM04 501 554 
Na#Q-t- . 361 SW 
W,SO4+- 44 572 

witb respiration. Table 2 compares the effeot oft-serine, m 
thesulphateuptakeandtheoxygennptakeofbe&slices. Itcanbeseentbatx.+Aneand 
DthteoniEbchaveno~~teffectontheuptakeofoxygenat~~~tio~wbich~~ 
inhibit the uptake of sulphate. D-Alanine stimulates the oxygen uptake, a mg previously 
reported for CBlTot slices.s Table 3 shows that D-!MineaBkct!Sneitbcrthe~tionofbect 
s~~inwabernor~incseasadrespirationthatoecureinthepresenceofpo~~~~&. 

The uncoupling of salt uptake fkom respimtion by D-M&E oould also be d~~~~ 
with excised pea roots (Table 4). With this tissue the &ixt of ~0~~~1 is mu& more 

8 L. M. BIRT and F. J. R. HmD, &loekcm J. 70,277 (1938). 
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that ~-se&e is a 

ante of the ~o~h~~l inhibition on rinsing storage tissue ~lices.~ This difference is not 
found with pea roots, where pretreatment with ~o~p~#l produces the same 
inhibition of sulpbate uptake as does the addition of cbloramphenicol to the salt 
(unpublished work). 

A most ~t~~~ observation is the absence of effect af mserine on. the oxygen uptake of 
plant tissues both in the presemx and absence of salt (‘Tables 2,3,4). Other inhibitors of salt 
uptake, apart from oblorampbenicol, either stimulate (e.g. 2,~~ph~ol) or &&Sit 
(e.g. oyanide) the uptake of oxygenS1*$ This ~s~on 8 ts that z~?+ri~e, Eke chloram- 
phenicol, is acting at some point between the supply from option and the 
utiliitio~~ of this energy in the ~~~~on of salt and not, as do other autos on the 

~or~ph~l is a specific i~bitor of protein 
som evidence has been that ~o~phe~l ibis 

the ~~~mtio~ of amino acids into the soluble bob of carrot slicos.11 St&ii on the 
effect of both D-se&e and ~omrnph~~l on amino acid uptake and ~~~mtion in beet 
slices are de&bed in the following paper.12 

Washed beet slices contain no detectable I1-serine (unpublished); n-se&e has been 
isolated from earthworm~~~ and lea&eating inset@ a&bough the leaves Fed to these insec$s 
contain none of it, 

EXPERIMENTAL 
C~ 

lh sample OLD-serinc gave the eqected ~~~ of ninbydrin oolour in the Yemm aad 
Cocking procedu@ and revealed a single ~-~ti~ spot of the correct &in the 
fobs four solvents: butan-l&-acetic ~~~~ (4:1:5, v/v, top phase); butan-l-ol- 
prowar (1 :l :1, v/v, top phase); ~ter-~~~ phenol; ~~~l~~rnethyl ethyl 
ketone-ammonia-water (5:3:l:l, v/v). &&xine gave B-103 per cent 
oxygen uptake when assayed manometrically with a crude INUIG.I~ acid o 

‘Ez. M&l&F&n &~ii?nl& Row 
10 T. I&P. 2!5,32 (1961). 

Bi&&cal M~hs, 1961. 

11 B. Jxm~ and 3. F. 
fz R. 

&or. W, 335 (1962). 

1sI-z. 
096%. 
&k%tmb J. 79,424 (s61). 

14 N. 6 QRWVASAN, 3. J. CZ!OMUGAN aud A. r&ssrm, .?. Mel, Ck 237, PC3844 (1962). 
*s B. W. YBMM and B. C. C!ixxwa, ~Zysr So, 209 f19Ss). 
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(Seravac Laboratories Ltd.). The content of tserine in the u-serine sample, as determined by 
a manometric assay with Proteus wkguris,la was less than 1%. 

Asampleof~serinewaspassedthroughaoolumnofcation-exchangeresin(Zeokarb225) 
in the H+ form. The column was washed with 0.1 N HCl and the D-serine eluted with O-8 N 
HClin 55 % ethanol. This procedure separates amino acids from inorganic salts and metals.” 
The eluted D+erine was recrystalhzed from ethanol and found to inhibit sulphate uptake to 
thesamedegreeasuntreatedu+erine. 

Slices (5 mm dia. x 1 mm thick) of red beetroot, carrot and turnip roots were prepared and 
washed at 25” as previously describt~I.~ Peas(pIsM1sativr~~~var. Alaska) were gem&&xl ’ 

onplastic~~withther~immetscdin~waterandleftinthedatkforafurther 
2 days. Root tips (15 mm) were excised and rinsed in distilled water just before use. 

M-t of he Uptake of Im, Amino Acidb, ad Oxygen 

The uptake of sulphate was measured by using %04 as previously des~Gbed,~ except tbat 
N-ethyl maleimide was omitted from the extmcting solution. Sodium and potassium uptake 
was measured by analysing aliquots of the extemal solution by flame photometry; the uptake 
of phosphate was measured by a phosphomolybdate metl~od.~* 

OxygenuptakewasmeasuredinWarburgiIasksat25”with2NKOH(0~2ml)inthecentre 
wellsandairasthegasphase. Attheendoftheexperimentthesliceswererinsedinwater, 
blottedandweighedtoobtainthefreshweight. 

Theu~ofaminoacidswasmeaclutedbyapplyingthe~~~~ofYemm 
and Cc&i@ to aliquots (200 4) of the external solution. 

Ab~e-aredusto Probox H. A. Krcbs, P.R.&, ad Pmfcmor EL K. Porter, F.R.S.. 
fortheplwn&onof~~andtothc~ -councilfor8lmndal-. 

‘6 P. K. STUMPF and D. R Chmw, J. b&Z. Chew. lS3,387 (1944). 
“C3.C.MUlULER,G.BOWMANdA.~, Anal. Ckm. 27.1357 (1955). 
l* R L.. Dwm, A R. T- aud J. I. ROUTH, L b&i. Ckm. 225,177 (1957). 


