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EFFECTS OF D-SE?RINE AND CHLORAMPHENEOL ON 

AMINO ACID MFiTABOLISM 

INTRODUCTION 

D~ERIW, like c~~ph~ inhibits salt uptake by phutt ce& without affbcting the con- 
~~~t~~u~*l chLc~p~~lolsstareochem~ntatedtoD-~~p~yl~ 
seriue.2 Ithasbansu~~thatthe~~tionofsalt~by~o~~lindi!cates 
&omc Wmlexion betwe%% protein synthesis and salt uptake in plant cells because chloram- 
phe&olisknowntoinhibitprotcinsynthe&spec&allyinbact4.a. Somecxpezimentshave 
been mported which are interpmkd to show that chlorampherdcol inhibits the incorporation 
of lab&d amino acids into the soluble protein of carrot slice~,~ but the inteqretation ofmost 
ofthese~~~comp~~the~~~effectofchlqramphenicotonthcuptaka:of 
~~~~o~~~~~e* Inthispaper ~~d~~~~~eff~ 
of D-serine and chloramphenicol on the uptake of amino acids from their e&cts on the 
incorporationofthescaminoacidsaredcscrib@d. Bothcompoundsinhibitaminoacid~ 
but~~~compounda~tobeageneral~~~rofaminoacid~~~tionand~nce 
no support can be found for the assumption3 that the action of chlommphenicol on plant 
tissues is mediated in the manner anticipated from studies on bkterial systems. 
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of the uptake of merine, tleucine and glycine were found. However this inhibitory effect 
of D-serine on amino acid uptake is obtained only when the ratio of D-mine to ~-amino acid 
is high (about ten to one or greater); chloramphenicol is effective at inhibiting the uptake 
when present in an equimolar concentration to the amino acid (Fig. 2). 
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Fk3.2. Eppecrop D-SEWNB ANJB -CoL ON GLYQNE UPTAKE. 

~dU)~beat~wrre~atu0in5m15mMl~aloas(~,with 1 n&l 
~-~&~(0),orwith!!mMchlommp~~(A). AliquotsoftheextemaisohUionwereranovcdatintcrvala 

for couatiag. The flgmka am averages derived from duplicate h&s. 

Antagonism of the &$kct of D-Se&e on Salt Uptake 

TbeuseofDGserineinplaceofD-serinercveaiedthattheinhibitionofsaltuptakeby 
D-mine is reduced if tserine is present at an equimolar concell-. This antagolqmwas 
found to be unspecik as regards tbe ~-amino acid. Table 1 shows the restoration of sulphate 
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uptake when L-se&e, talanine or Hhreonine were added. Similar results were obtained 
when the uptake of potassium was followed. The ~amino acids when supplied alone do not 
affect ion uptake. A possible explanation of these effects is that the ~amino acids compete 

Aminoacid =!SO, Taken up 
+m moles/30 slic& 

; 
5 
5 
5+5 
5+01 
5+5 
5+5 

265 
143 
280 
274 
270 
203 
153 

z 

withtheDserineandreduatheamountofinhibitottakenupbythe~ue. Figure3iUustrates 
the reduction in the uptake of ~serine by cquimolar conceutrations of de and 
Hxeouine. 

This competition between Dserine and the Gamin0 acids for uptake lleces&tes that 
experimeuts carried out to de&mine whether cseriue inhibits protein synthesis (i.e. amino 
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acid incorporation) must be des@ned so as to avoid this competition. If this is not done the 
inhibition of the uptake bf the labelled ~-amino acid will mask any additiod duct on the 

incorporation of this amino acid into protein. 

Eflect of sserine and Chloramphenicol on Amino Acid hcorporation 

In looking for an elibct of either D+3erme or chloramphenicol on the incorporation of 
labelled amino acids into the protein of beet slices, it is essential to supply the Gamin0 acid 
to the tissue at a low concentration before the tissue is exposed to the inhibitor. The low 
concentration of the amino acid is necessary because high concentrations counteract the 
D-serine effect (T’able 1). The pretreatment is necessary because both D-serine and chloram- 
phenicol inhibit the penetration of L-amino acids into the cells. Failure to ohserve these 
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conditions in attempts to show that chloramphenicol inhibits protein synthesis in plants has 
produced results which are difhcult to interprets The results obtained in this type of experi- 
ment when L-%serine is uxxl are shown in Table 2 and Fii. 4. There is a transf~ of radio- 
activity from the TCA-soluble to the TCA-insoluble fraction such that the protein radio- 
activity doubles in thefhst 3 hr. This transfer is reduced in the second 3 hr even though there 
is still a high proportion of W-serine in the soluble fraction (Fig. 4); this decmase in the rate 
of serine incorporation may reflect the transfer of serine from the cytoplasm into the vacuoles 
ofthecells. BothD-serme and chloramphenicol inhibit the transfer of label from the soluble 
to the insoluble fraction by about 50 per cent. An inhibition of similar magnitude is seen in 
the transfk of label from the soluble fraction to the fraction soluble in ethanol-ether (Table 
2). It is clear from a consideration of the radioactivity recovered in all the fractions that 

s C. Pwm-W and C. m Goumw-Mm3mq PhytodtefMstry 1.267 (1962). 
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although some radbctivity is lost these results cannot be explained by supposing that 
~-~~&orchlorampheniwlcauseanimease in the loss of radioactivity as WOz (Table 2). 
Autoradiography of chromatograms of hydrolysates of the T-CA-insoluble fraction reveals 
that about 70 per cent of the radioactivity is in the seke-glycine area with traces in alanine, 

1(6-2mM)audshakenat25”forafurthcr3br. ‘lb 

are awraw derived fkom triplicate h8ks 

c.p.m. x 10-4 

EthIlOl/CtlU?r- TCA-wble sumofau 
Tmatmcnt TCA*lublel4c sohlble ‘4c 1% hcths 

zerotime 1346 O-12 
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14.78 

zzzne 11.27 12.42 :z 14.21 14-m 
chlorampbenicol 12.62 @17 is 1479 

valine and threonine. Since it has been established that slices of red beetroot carry out a net 
synthesisofproteinduring~6~res~couldbetakentoindicatethatboththe 
inhibitors of salt uptake are also inhiitors of protein synthesis. However, the results 
obtained when L-l%&monine or @C!-leucine are used do not support this conclusion 
(Table 3). 

T-3. G-AND -lMnRKsA-. 

sampbsof”~-~~~~~~5~ 
I?*~leudne or LJ- 
1854xlO’c.p.nz)for2hrat25”. Thosxpalmsntwasthcn 
auricdoutintbe mamwdebbediuTable2. Tb8fispacsam 

averagcsdcrivedfkomtripkateiIa8ks 

TCA-insohhle “C (c;p.m. x lO-‘) 
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on ~~~ uptake and the usual abet d~~~~.~ It was also shown that pre- 
treatment of slices with 0.25 mM tleucine or L-threonine did not af%ct this inbibidon of 
su1phat.e uptake. Autoradiography of hydrolysates of the TCA-insoluble fraction showed 
that in the case of +Gleucine experiments only the leucine area was radioactive and in the 
case of the tW&ueonine experiments only the threonine and isoleucine areas were radio- 
&ve. rSerine and chloramphenicol do not therefore appear to inhibit protein synthesis in 
beet slices. 

aced ~~~~n of&et S&es 
It has heen found recently that slices of storage tissue can develop rather large endogenous 

populations of bacteria during washing which are not apparent on visual examination of the 
slices (Dr. I. S. D. Bacon, personal communication). In view of the inhibitory action of both 
chloramphenico17 and r+serine* on the growth of some bacteria, this point was examined in 
the case of beet slices to determine whether the effects of these compounds were mediated by 
an effect on bacteria. Freshly cut slices were found to contain very few ba&ria, but in slices 
washed for three days the number had risen to lO’-1Osjg fresh weight. When it was found 
that the growth of these bacteria in broth was inhibited by both bserine and chloramphenicol 
the suspicion arose that the efExts of these compounds on the slices were effects on the bacteria 
and not on the plant cells. This possibility was ruled out by utilii the large difference in the 
concentration of chloramphenicol required to inhibit the grow& of the bacteria on the one 
baud and the uptake of salt by the slices on the other. Table 4 shows that washing the slices in 
chloramphenicol at the low concentration of @12 mM reduces the bac&ial count by about 
W-fold compared with the number obtained from slices wasbed in di&lled water. However, 
tbe oxygen uptake of this tissue and the inhibition of sulphate uptake caused by rx+erine and 
ebloramphenicol(6*2 mM) was not significantly different from the values obtaiued with slices 
washed in water; the somewhat d&rent values for the amount of sulphate taken up by the 
two sets of slices may reflect differences in the degree of aeration of these two sets duting 
washing. It therefore appears that the endogenous bacteria are not responsible for tbe effects 
under study, a conclusion supported by the failure of chlorampbeni& to inhibit the incorpor- 
ation of ~leucine or ~threonine (TabIe 3). The amino acid incorporation experiments 
were repeated with slices washed in O-12 mM ~~0~~~~~1 but no sign&ant dW’erences 
fromtheprevious results were noted. 

DISCUSSION 

Idkrine is mu& less efhzctive than chloramphenicol at inhibiting the uptake of amino 
acids by beet slices; this fact, coupled with the lack of et%% of n-serine on respiration,* 
suggests that this compound may be the most specific hthibitor of salt uptake by plant tissues 
that has yet been reported. &Ierine and chlo~phe~~l show some ~~~2 
but the results presented here do not support the view that the action of either compound on 
salt uptake is mediated by an e&x% on protein ~ynthesis.~ There is little convincing evidence 
that chloramphenicol specEcally inhibits protein synthesis in plant tissues in the same time 
period as it inhibits salt uptake; in animal tissues also, chloramphenicol either does not affect 
protein synthesis or does not do so specifically.g A metabolic effect of both u-se&e and chlor- 
amphenicol in beet slices is an inhibition of the incorporation of L-se&e into the TCA- 
insoluble fraction @‘able 2). It has not been ruled that this effect in the case of n-se&e is due 

’ T. D. Baocu, &&rW. Rev. S, 32 (1961). 
8 E. A. GRULA and M. M. GRULA,]. Euc&dol. 83, %1(1%2). 
9 R. RENDI and S. OCHOA, J. bid. chn. 237,3710 (1962). 
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toitsracemi&onbythetissuetoL_scrine thus lowering the spe&c activity of the absorbed 
t”‘Gscrinc. This does not seem likely in view of the fact that all the soluble serine of beet 
slices has the L- con@~ration.~ It is therefore suggested that the action of D-serine and chlor- 

amphenicol on salt uptake may be mediated by an effect on ~serine metabolism. 
Although the e&cts described with beet slices were shown not to be due to the endogenous 

bacterial population (Table 4), it is suggested that workers who use this type of tissue should 
be careful to check that the bacterial population that develops during washing is not res- 
ponsible for some of their results. E@eriments on the inhibitory effect of chloramphenicol 

TABLE 4. BA- CONMMINATION OF ERRI- SLICES. 

Abatchofbsetsllceswasdividedintotwolots;onclotwas~inwatetas~andtheothglotia 
chlorarnphplicol@l2mM). Aft8rtwodayswastdl&aamplesof2oI3lictufromeeehlotwcre~iu5ml 
lmM~%O~withaudwithoutSmMDaarlneor6~2mM *for3hrat25”. Theslllphate 
uptakcwasmeaarcdas dc&bedinthctext. TherateofoxygenuptalccoPsamplesofboth~ofslicsswas 
~byahalcinn~~~3mlwatcrinWarburgff~~~~~O.Thebactaislconntwasm 

byplat@outscrialdihltioIlsof~ OfSliCCSmadeiUSterilewater~dtsgibedhthetext 

~4-upw- 
, \ 

W* +a-H- %E” Baeaial 
+D-!khC UdC01 fresh wt.) (pcrggkvt.~ 

Wats 
:: 

66 56 123 1x10’ 
86 72 134 7x104 

on &cose uptake by wheat roots were carried out under sterile conditionq5 co&rmhq that 
effectsofchlonrmphcnicolonplant~cannot~ybeexplaincdin~of~- 
ated w. 

EXPERIMENTAL 
Chicals 

t[VJqJcrine, GpJ-1%) leucine, L-pwz] thlwnhe and [v-l%] slycine were ob- 
tained from the Radio-chemical Gene Amersham. All other chemicals Were Obtained as 

pleviously deisuibed.’ 

Plant Tism33 
Slices of red beetroots were prepared as previously described.l A sample of 25 slices has 

a fresh weight of about 740 mg. 

Uptake of Ioru and Amino Acti 
The~ofsulphateandpotassium~~~asrpmriously~~’ TheUPtake 

of W-amino acids was measured by counting aliquots (5O-200 ~1) of the external solution. 
Theuptakeofunlabelledaminoacida,~&~byaninhydrinproctd~10 

I.tion of W-Amino Ach!~ 
The incorporation of’%-amino acids into protein was estimated by measuring the radio- 

activity of the fraction of the tissue insoluble in ice-cold 5% trichloro-acetic acid (ICA). 
Attempts to use the fraction of the tissue insoluble in hot 80 % ethanol gave widely scattered 
replicates, perhaps due to the presence of ethanol-soluble proteinll After washing for 1 min 

~~B.W.YEMMandE.c.GxXINo, AMhyt aa, ‘&!J (1955). 
11 D. IUCUSBN and M. Foun, Nature, Lad. 197,697 (1963). 
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~thdis~watnonaB~~fmrao,cacb~of20~wss~~tar~ 
p~in?~ofbx-coldJ%TCAinaPo~-~typ&~~.The 
homo~wastinsedout~~3mlS%TCAand~~saluti~~,~athc~ 
genati. ThGns&ble material was centrifuged down and the supurnatantsohrtion decanted. 
~~~~was~~~ndedin1Omlicacold5~TCAandcentsifuge8;this~was 
repcat&Mccmorewith1Oml5%TCA. ~~w~~~~~~d~~l~~ 
~~~~~ether(l:l,byvol.)snd~~~~at37ofor2o~tore8aaveTcAandfiplds. 
The sqension was centrifuged, the supernatant solution decanted, and the precipitate 
incubated once more with 10 ml ethanol/ether. The f&l precipitate was resuspended evaniy 
in 5 ml 80% formic acid and aliquots (100-200 ~1) counted at in&rite thhmess on S/&n. 
dural~plan&etM uaderanendwindowcounterofabout5percenteffi~. Duplicate 
samples of each suspension were counted and at least2000 counts above background recorded. 
The Sgures shown in the tables are averages derived from trip&Me flasks. 

Control exams were carried out with each amino acid to check the &caey of the 
washing procedure by adding the 14camino acid to the slices immediately befure homo- 
genixation inTCA. Experiments were alsu performed to determine the stabiity of the incur- 
pora&d label in the presents of a large excess of unlabelled amino acid. The results of these 
experiments indicated that the washing procedure removed the soluble radioactivity to below 
the limits of detectability in every case, and that the incorporated label could not be removed 
from the precipitate by adding a 2OO-fold excess of unlabelled amino acid to the TCA home- 
genixing solution. 

Some of the lab&d precipitates were not ~~~ in formic acid but hydrolysed in 
6 N HCl (about 200 ml/8 mg a-ammo nitroganjfor 17 hr. The hydroZysatu was reduced to 
~~~Onarotary~a~~~toremaveHCI~dtbentakennpin’Fvater. The 
solution @H 1-2) was passed through a column of cation ex&ange resin (Zeokarb 225) in 
the H+ form and the wlumn washed with water. The amino acids were ehned with 6 N HCI, 
evaporated to dryness and stored in vucuo over NaOH; 90-95 per uent of the radioactivity of 
~~~~~ mcovemd in this fraction. Aliquots (50-100 pg a-amino nitrogen) of the 
eluted amino acid &action were ~0~~~~ in two ~ on ~~ 3MM 
paper as described by Wolfe. l2 Amino acids were mvcaled by spraying the dried cbromato- 
grams with 0.1% ninhydrin in butan-l-o1 and heating at 100”. Radioactivity was mvealed 
by placing the chromatogram against Kodimx X-ray fihn for l-3 weeks. 

BacteriaI Contamhation of Beet SIictv 

~~~washtdin~~~waterinthe~way~thenrinsedtwiceinstttiie 
distilled water to remove surface ~~, The slices wum hook in s&rile 
di&ilkd water and the whole homogenate plated out at serial dilutions on to Oxoid nutrient 
agar (CM4) and incubated at 37” for 2 days. 

‘2 M. WOL~B Btackun. btopkys Acfa 23,186 (1957). 


