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subcellular particles from pea seedlings l3 One enzyme, termed blodegradatlve L-threonme 
dehydratase, since it 1s activated by AMP and 1s not mhlblted by L-lsoleucme, has a pH 
optimum at 6 2 The other enzyme, biosynthetic r_-threomne dehydratase, has an optimum 
at pH 9 0 and possesses allostenc properties of the type designated system K by Monod 
et al * In general both types of enzyme are found m chlorophyll contalmng organisms such 
as higher plants and the green parasitic plants like Vzscum album L. (European mistletoe) 
and Cuscuta europeae L (Dodder) l4 In Azotobacter vznelandzz16 only the pH 9 0 enzyme 1s 
present while m Arceuthobzzzm oxycedrz (Dwarf mistletoe) only the pH 6 0 enzyme 1s 
present, m saprophytes devoid of chlorophyll such as Monotropa hypopztys L (Indian pipe) 
and obligatory parasites devoid of chlorophyll such as Lathraeu squumarza L (Toothwort) 
threomne dehydratases appeared to be absent l4 Extracts of pea seedlings were inactive 
towards L-serme as substrate at both pH’s 

A threomne dehydratase with optimum pH at 9 0 identified m the soluble supernatant of 
spinach leaf extracts10*12 showed some activity towards L-serme and showed other dlf- 
ferences to the pea seedhng enzyme m kmetlc studies These differences may reflect existence 
of separate pH 9 0 lsoenzymes of biosynthetic L-threomne dehydratase such as exist m 
E colz 4 No studies of the actlvlty of spinach preparations below pH 7 0 were reported 

In the present mvestlgatlon extracts of Phaseohzs vulgarzs (French bean) seedlings have 
been exammed for serme dehydratase actlvlty over the range pH 2 O-10 0 It soon became 
evident that a L-serme dehydratase with optimum actlvlty at pH 9 0 present m the homo- 
genates might be a property of bacteria associated with the plants rather than of subcellular 
particles from the plant cells This aspect of the mvestigatlons 1s reported here 

RESULTS AND DISCUSSION 

pH Optzma and Stabzlzty of the Enzyme 

Prehmmary mvestlgatlons revealed that most of the L-serme dehydratase actlvlty m 
French bean extracts sedimented on centnfugatlon with the crude chloroplast and mlto- 
chondnal fractions Serme dehydratase actlvlty studled m relation to pH showed two 
peaks of actlvlty at pH 5 5 and pH 9 0 respectively (Fig la) The actlvlty evidenced at 
pH 9 0 Increased as the extract aged at laboratory temperature but was stablhzed by storage 
of extracts at - 15”, while the increase was much reduced by storage at O-2” (Table 1) The 

TABLE 1 EFFECT OF STORAGE AT VARIOUS TEM- 
PERATURES ON L-SERINE DEHYDRATASE ACTIVITY 

AT@%90 

Temp 
Day 

2 5 7 

O-2” 08 13 12 
20” 14 17 13 

-15” 07 07 07 

The 20,000 g pellet from plant extracts was 
resuspended m 0 01 M phosphate buffer, pH 7 0, 
and dlvlded mto three portlons Actlvltles are 
expressed as pmoles pyruvate/hr/5 mg protem 
The actlvlty on day 0 was 0 7 pmoles/hr/5 mg 
protem 

I6 W L KRETO~ICH, Z S KAGAN, E M SINELNIKOVA, V S TOMOVA and L P LOSENA, Febs Absts. 
1028 (1969) 
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FIG 1 EFFFCT OFAGEOFFRENCHBEANHOMOGENATEON~HOPTIMUMCURVEFORL-SERINEDEHYDRAT- 
ASAcTIVITY 

A plant extract (10 mg protem/ml) m 0 2 M phosphate buffer, pH 7 0, was dmded mto equal 
volumes One portion was assayed nnmedlately (Fig la), the other was maintained at ioom 
temperature m the dark for five days before assay (Fig lb) pH m mdlvldual assays was checked 
before and after mcubatlon -0-C&- carbonate, -+-•- tns, -A-A- phosphate, 

--A--A- maleate, --Cl--Cl- acetate, --&-m-citrate 
FIG 2 RELATIONSH~PSOFBACTERIALPOPULATION ANDL-SERINEDEHYDRATASEACTIWY ATpH90 

FOR FRENCHBEAN HOMOGENATES WITHAND WITHO~TADDED CHL~ROMYCETIN(~ mg/ml) 
A French bean homogenate (10 mg protem/ml) was divided mto two portions to one of which was 
added 2 mg/ml chloromycetm l-ml samples of each mcubatlon were assayed at 24 hr intervals for 
bacterial population (Fig 2a) and L-serme dehydratase activity (Fig 2b) -O--O-- unsupple 

mented extract, -_O-_O-- chloromycetm (2 mg/ml) present 

level of enzyme fell between 5 and 7 days mcubatlon at 20” possibly smce enzyme synthesis 
(bacterial growth) has ceased or 1s now proceedmg at a lower rate than loss of enzyme due to 
mstablhty and other factors Similar data are given later m the studies summansed in Fig 2b. 
In aged extracts it 1s evident (Fig 3) that autolysls of bacteria would result m a sbft m pH 
optimum of L-senne dehydratase towards lower pH’s In contrast, activity at pH 5 5 steaddy 
&mmlshed as the extract aged and was entirely absent after a few days (Fig lb) Storage at 
reduced temperatures did not stablhze the enzyme Occasionally m fresh extracts activity at 
pH 5 5 was greater than at pH 9 0 but typically, as m the case shown m the figure, the 
activity at pH 5 5 was only some half that observed at the higher pH Somcatlon of extracts 
for 2 x 30 set slightly increased the observed activity at pH 9 0 

Relatronshlps of Bacterial Population and Enzyme Actrvlty 

Smce. actlvlty at pH 9 0 increased on agemg we looked at the posslblhty that activity at 
this pH might be a reflection of bactenal contammatlon of the extracts The present paper 
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FIG 3 pH ACXIWT~CURVESFORL-SERINEDEHYDRATASESOF P fluorescens AND E herbrcola ISOLATED 
FROM FRENCHBEANHOMOGENATES 

For P jkurescens the L-serme dehydratase actlvlty of both whole cells (a) and cell extracts (b) IS 
shown, for E herbwola only the data for a cell free extract (c) IS given For convemence only data 
for one P fluorescens IS given smce both types isolated from homogenates showed sundar behavlour 

-_O--_O-- carbonate (0 2 M), --O--O- trls (0 2 M), -A-A-- phosphate (0 2 M) 

reports this data, evidence that the pH 5 5 L-serme dehydratase 1s a plant enzyme and the 
slgmficance of this finding will be discussed elsewhere 

According to Wdson” chloromycetm 1s the only satisfactory mhlbltor of bacterial 
growth m maize endosperm preparations, a number of other antlblotlcs proving less 
effective. We therefore supplemented freshly prepared plant extracts with 200 pg/ml or 
2 mg/ml chloromycetm and examined the level of L-serme dehydratase activity at pH 9 0 
over the succeedmg 6 days In these experiments it was observed that m the presence of the 
higher level of chloromycetm the normally observed Increase m L-serme dehydratase 
activity at pH 9 0 was delayed for some 2-3 days, the lower chloromycetm concentration 
had no appreciable effect 

This observation suggested that bactenal contammatlon might be responsible for the 
observed increase m L-serme dehydratase activity To test this posslblhty we attempted to 
assess the typical bacterial populations of the plant extracts used m these mvestlgatlons 
Plant extracts (10 mg protein/ml), with and without 2 mg/ml chloromycetm added, were 
maintained at room temperature m the dark for several days At 24 hr intervals samples of 
extract were examined for bacterial population and L-serme dehydratase activity This data, 
presented m Fig 2, showed that chloromycetm delayed both the increase m bacterial 
population and the appearance of L-serme dehydratase activity for some 48 hr In particular, 
growth of one of the bacteria, later shown to be Erwznza herbzcola, was almost completely 
abolished After 48 hr the bacterial population increased but the final stationary population 
was slgmficantly reduced compared to the control (chloromycetm absent) value, L-serme 
dehydratase levels were slmllarly reduced It was noted that actlvlty of the enzyme increased 

I7 C M WILSON, Plant Physlol 41, 325 (1966) 
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FIG 4 &XATIONSHIPS OF L-SERINE DEHYDRATASE ACTIVITY To L-SERINE CONCENTRATION IN FRESH 

AND AGED FRENCH BEAN HOMOGENATES 

A French bean homogenate was dlvlded mto two portlons One portlon was assayed lmmedlately 
at pH 9 0 (-O-O-) while the second portion was assayed after agemg at room temp for 3 days 

at the same pH (-O-O-) 

only some 5-fold over the course of the incubations whereas bacterial count Increased 
lOOO-fold. It may well be that L-serme dehydratase is present only at a particular phase of 
bacterial growth, or that enzymic acuvrty is particularly SubJect to mhlbrtron by cell meta- 
bohtes, such as isoleucme, that accumulate Possibly, however, the P.Jluore.rcens populatron 
ts not homogeneous with regard to possession of L-serme dehydratase and that for some 
reason cells possessmg the dehydratase grow less readily over the mcubation period than 
accompanymg populations If such cells are more susceptible to chloromycetm treatment 
this would explain the almost complete ehmmation of dehydratase activity followmg 
chloromycetm treatment while the effect on bacterial growth is largely a delay. We have 
noted that cultures of the major species of P fluorescens isolated from a plant homogenate 
can differ quite widely m activity towards L-serme Though these suggestions are speculative 
the data obtained does suggest that the increase m serme dehydratase actrvity at pH 9 0 
was a property of bacteria associated with the ongmal plant extract rather than attributable 
to activatron of an enzyme present m plant tissues Accordmgly the three types of bacteria 
shown to be present m the French bean extracts (Erwznia herbzcoIa and two species of 
Pseudomonasfluorescens (see Methods) were separately cultured and whole cell and cell free 
extracts assayed for L-set-me dehydratase activity. The results are summansed m Fig 3, the 
data showing that the P jluorescens possessed markedly higher levels of L-serme dehydratase 
activity than the E. herbzcola Since on day 4 of the mcubation one of the species of P. 
fluorescens comprised some three quarters of the contammatmg bacteria the majority of the 
increased L-set-me dehydratase activity of aged plant extracts can be assigned to this source. 
Whole cells of P.~%orescerzs showed a broad pH optimum at pH 9 0; however, m cell free 
extracts the pH optimum was approximately pH 7 5 This difference m pH optimum for 
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whole cells and cell free extracts presumably reflects the permeablhty kmetlcs of the sub- 
strate to whole cells In plant extracts prepared by the methods used m the present mvestlga- 
tlons, bactena would not be dlsrupted, though this may have occurred to some extent m 
aged extracts through normal blologlcal processes The bacterial population varied quahta- 
tlvely as well as quantitatively during the course of mcubatlons Imtlally E herbzcolu com- 
pnsed some 50 % of the colonies produced, but by day 4 of mcubatlons the dlstnbutlon was 
predommately (75 %) the major species of P fiuorescens with approximately equal quantltles 
of E herbzcola and the other species of P Jltlorescens 

Kznetzcs of the enzyme A comparison of some kinetic parameters for the L-serme 
dehydratase of P jluorescens and the L-serme dehydratase present m freshly prepared plant 
extracts showed that the K,s for serme were slmllar (K,s 4-5 x 10T3 M) mdlcatmg that 
the enzyme orlgmally present m the plant extract might have been due to contamination with 
P fluorescens Plots of reactlon veloaty versus L-serme concentration were hyperbolic m 
shape mdlcatmg a lack of homotroplc cooperative interaction between L-serme molecules 
L-serme dehydratases have been reported m a wide variety of mlcroorgamsms and activity 
towards the substrate IS evidenced by whole cells as well as by cell free extracts 5 The K,,, for 
L-serme 1s usually wlthm the range 3 O-5 0 x lob3 M P Jluorescens Isolated from water has 
been shown to possess relatively high L-serme dehydratase actlvlty 5 L-Serme dehydratases 
with actmty below pH 6 0 have not been reported, the L-threomne dehydratase of pea 
seedlings showmg optimal activity at pH 6 0 apparently possessmg no achvlty towards 
L-serme as substrate ls3 

Mlchaehs-Menten plots of kinetic data for two aged plant extracts showed anomalous 
behavlour (Fig 4) m that slgmold plots, generally regarded as being typical of allosterlc 
enzymes, were obtained These kmetlc studies on aged plant extracts are given smce It IS 
mterestmg to note that slgmold kmetlcs have been reported for blosynthetlc L-threomne 
dehydratases of a number of plants 13*14 In the present studies on L-serme dehydratase the 
change from hyperbohc to slgmold kinetics could be due to a number of causes Slaughter 
and Davies’* have shown that mhlbltlon of phosphoglycerate dehydrogenase by L-serme 
varied with both age of plant extract and assay pH, from hyperbolic kmetlcs with freshly 
prepared plant extracts to slgmold kinetics with aged extracts The change was explained by 
stepwlse degradation of the enzyme durmg extraction procedures This may be the case with 
L-serme dehydratase or alternatively the anomalous kmetlc behavlour may be due to 
accumulation m aged extracts of metabohtes such as L-lsoleucme which would be expected 
to be allostenc effecters of the L-serme (L-threomne) dehydratases Though the data IS not 
quoted m detail the actlvlty of the French bean extracts used m the present work towards 
L-threomne as substrate (0 20 pmoles keto acld/hr/mg protein) was of the same order as that 
shown towards L-serme (0 25 pmoles keto acld/hr/mg protem) In E colz slgmold kmetlcs for 
L-threonme dehydratase can be explamed m terms of mstablhty of the enzyme m the 
absence of threomne and m media of low Ionic strength lg In the same paper the kinetic data 
was similar to that obtamed for aged plant extracts m that the plot of enzymlc actlvlty versus 
substrate concentration did not pass through the orlgm of the graph, mdlcatmg that endo- 
genous substrate(s) m the extract had been converted to keto acid We did not obtam 
slgmold kmetlcs with P jluorescens preparations or with freshly prepared plant extracts but 
smce these mcubatlons were well defined m terms of components these results were not 
unexpected and lend credence to the view that the slgmold kmetlcs evidenced by aged plant 

‘* J C SLAUGHTER and D D DAVIES, Wochem J 109, 749 (1968) 
” W M HARDING, Arch Bzochem Btophys 129, 57 (1969) 
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extracts and then contnbutmg bacteria are due to presence of L-serme dehydratases from 
several sources and/or accumulation of allostenc modifiers of L-serme dehydratase as a 
result of normal metabolic processes within the associated plant and bacterial systems 

The relationship of the L-threomne dehydratases reported m higher plants10*12*13 to the 
L-senne dehydratase activity reported m this paper IS difficult to ascertain The L-serme 
dehydratase present m French bean homogenates 1s active both towards L-serme and L- 
threomne as substrates, the higher affinity at pH 9 0 being shown towards L-serme The 
kinetics shown depend on the age of the extract (Fig 4) and the activity at pH 9 0 can 
largely, d not entirely, be attnbuted to bacterial contammatlon of the blolo@cal sample 
though the presence of a plant enzyme of similar properties cannot be entirely discounted. 
It 1s interesting to note that while the dehydratases from ammals and mlcroorgamsms are 
usually more active towards L-threomne than L-serme a cell free extract of an unidentified 
Pseudomonas 1s reported*O to show more activity towards L-serme In our view the posslblhty 
that bactena have contributed, at least m part, to the L-threomne dehydratase actlvltles 
reported for the pea and spinach homogenates cannot be ruled out The spinach L-threomne 
dehydratase does, however, show some properties which are not typical of the enzyme from 
commonly studied mlcroorgamsms, m particular, the enzyme loses activity rapidly at low 
temperatures unless stablhsed by the presence of L-lsoleucme l2 

Origin of Bacteria and Preventatwe Measures 

Bacterial contammatlon of the final plant extract used m our mvestlgatlons might arise 
from a number of sources, but the relatively high quantity of bactena mltlally present 
suggests that they originate as part of the blologlcal sample A check of the bacterial growth 
m buffers maintained under comparable condltlons to those of the plant extracts for a 
considerable length of time (Table 2) showed that after agemg for several days only rela- 
tively low levels of bacteria were present. It 1s recognized that the centnfugatlon step m 
production of the 20,000 g crude mltochondnal fraction used m some assays would con- 
centrate some ten-fold any bacteria present 

Partial stenhzatlon of the outer surface of the French bean leaves by wiping with cotton 
wool dampened with ethanol reduced bacterial populations m the 1000 g and 20,000 g 
fractions subsequently prepared by some 80 % (Table 3) In agreement with other mvestlga- 
tlons21*22 the figures show that the bacteria present m plant homogenates cling tenaciously 

TABLE 2 BACTERIAL POPULATIONS OF SOLUTIONS STORED AT ROOM 
TEMPERATURE 

Buffer start 
DRY 

I 14 21 

Phosphate pH 6 
Phosphate pH 7 
Carbonate pH 9 
Phosphate pH 7 2 

m 0 5 M Sucrose 

10’ 5 x 10’ 3 x 102 5 x 104 
10’ 10’ 8 x 10” 10’ 
10’ 2 x 101 9 x 10’ 103 

10’ 103 106 - 

All buffers were 0 2 M Figures rndrcate viable colony count per ml 
s01ut10n 

‘O ILK. DART, Bzochem J 107,29P(1968) 
21 C NING and H GESI; Proc Nutn Acud Scr US A 5, 1823 (1966). 
” A. A. APP and A T JAGENDORP, PIant Physrol 39,772 (1964) 
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TABLE 3 EFFECT OF ETHANOL STERILIZATION OF FRENCH BEAN 
LEAVESON BACTERlALCONTAhlINATIONOFSUBSEQUENTLYPREPARED 

EXTRACTS 

BacterIaI population 
Untreated leaves Ethanol-treated leaves 

Total homogenate 3 x 107 6 x lo6 
1000 g fraction 12 x 10’ 2 2 x lo6 
1000 g fraction 1 1 x 10’ - 

(washed once) 
15,000 g fraction 1 3 x 10’ 27 x lo6 

French bean leaves were homogenized m 0 01 M phosphate 
buffer, pH 7 0, and 1000 g and 15,000 g pellets prepared m seq- 
uence BacterIaI population IS expressed as number of bacteria per 
g wet weight French bean tissue 

to subcellular particles and cannot be removed by washmg or differential centnfugation 
Followmg homogemsation of plant tissues they appear to be distributed throughout the 
mam membranous systems present Bacterial contammatton of ammal tissues is not so hkely 
though contammatron of mltochondria isolated from rat liver has been reported.23*24 

Hallawayz5 has briefly reviewed reports m the literature on bacterial contammatton of 
plant extracts. It is known that subcellular fractions from plant tissues frequently contam 
large numbers of bacteria; use of sterile buffers does not ehmmate this contammatlon. The 
present work reinforces these observations, the mam contammatmg bacteria present m 
French bean homogenates being identified as Erwznza herbzcola,26 a common plant sapro- 
phyte found m soil, and two species of Pseudomonasfluorescens In other laboratory environ- 
ments and m other plant species a different range of mlcroorgamsms might occur. Our 
observations suggest that m critical work it would be a sensible precaution to clean leaf 
surfaces, whenever possible, with some suitable stenlant, and to routmely use sterile buffers 
m preparative techniques mvolvmg centrifugation stages Supplementation of extracts with 
antibiotics to suppress bacterial growth m long term mcubatlons is feasible though only 
chloromycetm is generally effective 27 In the present case P Jluorescens, the mam con- 
tammatmg bacterium, was able to survive treatment with low (200 pg/ml) levels of chloro- 
mycetin 

In studies of protein synthesis and related fields the problem of bacterial contammation 
has long been recogmsed since bacterial cells are generally some 20- to lOO-fold more active 
than plant and animal cells m nucleic acid and protein synthesis 28 In studies of protein 
synthesis by plastid preparations it is reported that contributions of the order of 10% of 
observed mcorporation of labelled ammo acids mto protems can be attributed to bacteria 29 
In a rat liver mltochondnal preparation contammg lo6 bacteria per ml some 90% of the 
ammo acid incorporation m protein synthesis could be attributed to the bacteria present; 

a3 L WHEELDON, Bzochem Blophys Res Commun 24,407 (1966) 
f4 D B ROODYN,~ J RE~sandT S WORK, Bzochem J 80,9(1961) 
25 M HALLAWAY, In PIant Cell Organelles (edlted by J B PRIDHAM), p 1, Academic Press, London (1968) 
26 D C GRAHAM and W HODGKISS, J Appl Butt 30,175 (1967) 
27 C J LEAVER and J EDELMAN, Nature, Land 207, 1000 (1965) 
*’ D BOULTER, In Bzosynthetzc Pathways m Hzgtzer Plants (edited by J B ~RIDHAM and T SWAIN), p 101 

Academic Press, London (1965) 
29 M MARGULIES, PIant Physzol 43, 504 (1968) 
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broth fell mto one of three categories dlstmmshed by the type of colony produced Present were 3-4 mm 
white faintly opaque colomes (15 ‘A total), 4-5 mm white opaque colonies (75 y0 total), and 2-3 mm orange 
mucoid colomes (10 y0 total) Apphcatlon by Dr M E Rhodes (Department of Botany, Umversity College of 
Wales, Aberystwyth) of standard mlcroblologlcal tests ldentlfied these bacteria as two species of Pseudomonas 
jfuorescens and Erwuua herblcola respectively A bacdlus, probably Bacrllus stearothermophrlus was present 
as a minor contammant m colonies of E herbrcola, wlule another umdentlfied bacdlus was present as a mmor 
contaminant with the major P @oreseem 
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