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reduced cell size when grown in the presence of 1000 ppm

‘reduced by the high acephate concentration, primarily due to

. ABSTRACT
The efﬁgcts of highk (1000 ppm) and low (1 ppm)
concentrations of acephate on thesrate of growth and nutrient

uptake by 2kbacteria1 lake isdlatés grown in batch culfure'ﬁere

-

examined. One of the isqlages{ idetifiea as Pseudomonas

fluorescens, was not affected by acephate at either o =

concentration. The other, Chromobacterium lividum, showed an

increase in doubling time, decreésed!mdxkgum cell yield and

acephate. The observed effects_off%OOO\ppm acephate on C.

lividhm-growth were reversible if the cells wére refnoculated

into fresh culture medium, and adaptation did not occur with

repeated acephate treatments of 1000 ppm. The rate of total -

[laclglucose and [IAC]amino acid uptake by C. lividum was

less l4c-label being incorporated by the cells. Tramsport

studies with [!%C]cycloleucine, an amino acid analogue that is

?

not metabolized, indicated that the high acephate concentration
did not affect membrane transport. It appears from these

experiments that® the higher concentration of acephate may affect =

biosynthétié procésses of C. lividum.
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A. INTRODUCTION
The widespread’useage of pesticides has led to_stndy of
the effects of these compounds on aquatic microbial communities
(ware and Roan 1970; Baughmanrand Paris 1980).7Acenhate |

pe

(o, S—dimethyl’acetyiphosphoramidothiolate) is an . X

organophosphorus 1nsecticide of particular interest in g;itish*l

Columbia because of its potential use to control spruceuhudworm.
/It is an.acetylcholinesterase inhibitor but differs~from many
‘insecticides in- having'IOW‘mammaiian toxieity and-high- water
solubilty (Eto 1974; Martin 1974).
‘Heterotrophic bacteria are important in the utilization of
both dissolved and partiCUiate organic compounds in‘adnatic
etosystems because they concentrate hutrients in a form which

Y.

can be used by other organisms (heterotrophic ‘production) and

"mineralizeorganicsubstancesLoinorganicmoleculéSZEi)useby'

autotrophs. Heterotrophic production includes direct onsumptien
of bacteria by zooplanhton and other aquatic animals (Monakov -
1972; Gophen.et al. 1974; Peterson et al. 1978), or indirect
consumption through a detritus based food chain (Mann 1972;¢
Saunders 1977; Rich and Wetzel 1978; Cummins 1973; Berrie 1976).

The importance of ‘bacteria in heterotrophic production is

due to the fact tha} bacteria possess efficient transport

mechanisms which function at very low substrate concentrations -

(Wright and Hobbie 1965,1966). These active transport systems

are associated with the cytoplasmic membrane and at least three



distinct classes of nutrient transport systems have been

Ly,

L

A

the cytoplasmic membrane without chemical modification. One uses

_described (Wilson and Smi&h 1978). In one of these classes of

—

systems chemical altiration of the substrate occurs duriqg
transport, a process termed group translocation. This class does
not operate in most obligate aerobes (Romano ;970;}n111§ et al.
1980). In the other two classes moleculesfare>transported across -

membrane bound carriers while the other possesses soluble

binding proteins (Neu and Heppel 1965). Costerton et al. (1974)

speculate that aquatic bacteria, which are predominantly Gram

negative, have evolved efficient binding protein/intracellular

degradative enzyme systems which function well at low substrate.

concentrations.
The objective of this research was to study bacterial

nutrient membrane transport as influenced by acephate under

laboratory conditions. Very little is known about the effects of

acephate on bacteria., Focht and Joseph (1974) did not find any

marked effect from,repeated applications of acephate (20 ppm) on

soil microbial numbers, ammonification, nitrifdcationm, sulfur
oxidation or respiration. Bacteria isolated from sewage and soil
were able to utilize acephate as their sole phosphorus source,

although it was unsuitable as a carbon source (Rosenberg and

Alexander 1979). They also found that cell-free extracts,of two

§0il Pseudomonas species catalysed the disappearance of

&ee?hﬂfﬂT;%ﬂfWiﬁnfc“31kyi*phvgphvrusﬁcvmpounds*were*notMﬁséﬂPf”""”””

because they were unable‘to penetrate into the cells. The only



2

published study shbwing the gfféct of'aquétic microbiota on

acepﬁéte was by Szeto et al. (1979) who found that éutbclaving

water saﬁples prior to aéebhate addition greatly decreased thé

rate of acephate Prgak—down,’strbngly suggesting micfobial' ‘ J

degradation. ' '
The fesultsryéporped hereihfdesc;ibehthe”effec;s of

acephate .on the growth and nutrient uptake of two lake isolates

tentatively identified as Chromobacterium lividum and

Pseudomonas fluorescens.
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B. MATERIALS and METHODS

Collection and Identification of Bacterial Isolates

~Lei Lake (49°35'N,123°51'W),,a,coastal dystrophic lake
situated at an elevation of 701 m with a surface area of 2.1 ha
and a méximum depth of 11.5 m Qa; se}ected for sampling. On July
10,‘1979, water samples&were taken from a dépfh‘of O;S m using
IOO;mt glasé bofties. The sampiesiﬁére retu%ne& fétfﬁer. .
1aborator§ within several hours of sampling and 0O.l-mL portions
were spread on nutrient agar (Difco) blatés and incubated at
15°C (approxiﬁate ambient temperature) for 1 week. Coloﬁies were

randomly selected and streaked antil pure. Isolates were

identified using morghological,_cultural, physiological and

'bib?h;@12a1”¢£;f561££1§Eiléfféllowing the diagnostic keys of
Shewan et al. (1960) and Cowan and Steel (1970).
Mqrphological and culturai characfefistips weré evalgated
as follows. Cultural éharacteristics ﬁere observed on nutrient
agar plates. Motility was determined by observing growth in
"semi-solid (0.4X) égar and the results interpreted according to -

Tittsler and Sandholzer (1936). Cell morphology was observed

under o1l immersion using a Zeiss standard WL research light

microscope “and, the Gram stain used was the Hucker modification

(Society of American Bacteriologists 1957) E—

Physiological.ﬁz;aﬂéters were studied using the following

W

s




techniqges. Aerobic growth was eyaluated affef one week °
incubation at 4 and 37°C on nutrient agarﬂplates, whilé
anaerobic growth botential was determined by streéking»nutrient
agar plates with eagh culture and incubating them in a GasPak .
100™ Anaerobic System (Becton, Dickinson and Company, L
Missiﬁsauga, Ontario) for 1-2 wéeks. The media of King et al.

(1954) were used to demonstrate the production of fluorescent

pigments (pyoéiénin and fluorescin) which were detected using uv.

light. e

Biochemical tests were conducted using ther following
methods. Oxidative aﬁd fermentative utilization of glucose~w§s
studied using the method of Hugh and Leffson (1953) and acid -

production from élucose was tested by incubating cultures at

15°C in glucose basal salts medié with phenol red inandicator.

gelgpigﬁl;qgiﬁéqgigniéﬁﬁgﬁemonstrated by stabbiggﬁgelatinwyptts~
and ianbating at 15°C for 1-2 weeks. The oxi&ase test of Kovacs
(1956) was used,'except-ﬁhat O.IZ ascorbic‘acid,was added to the
reagent to control autoxidatior (Steel 1962). The catalase and
litmus milk tésfs‘follpwgd standard techniques (Gagnon et al.

1959; Cowan and Steel 1970).

Growth Experiments.

w)?wo huhdred-mL cultures of Chromobacterium iividdm
_ . _ T R . - F 3

e - — — ¥

isolate! and Pseudomonas fluorescens isolate were grongin'

@

:560—mLitfiénmeyer flasks at 15°C and at a shake rate of 100

1 1s0late” following a species name refers -to a Lel Lake study
organism, differentiating it from the type species.

5
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strokes/min in¢a reciprocating incubator. The glucose-nitrogen
-(GN) minimal cuitu}e medium cohtained glucose,>2.é§ nM; Nﬁ401,
2.73 ﬁM; Na,HPO,, 2.94'mM; MgSO4(7HkO), 0.34 mM; |
nitrilotriacetic acid, 0.18'mM;ka1, 2.91)mM;‘aﬁd trace. elements
disso}ved in distillgd water (Eéll 1976).
Culture medium’w&srinOCulated’to 12 of its volume with a 46
h culture and ébncentraeions of 1 or 1000 pﬁh teéhnical aﬁeph;te

(98% active ingredient) were added to the flasks 15-30 min After

inoculation. Tjo;,ob,,t,@fi,n, concentrations of 1000 ppm, 200.2 mg of -

\fcephate.was a&de&/directly to culture flasks; while 0.2 mL of
an aqueous‘acephate solution containing 1.0 mg/mL acephate were
" added to obtain concentrations of 1 ppm; Acephate (1000 pbﬁ)‘was
also added to sterile GN medium to test fof'microbial

contamination of the insecticiﬂe. Each flask was prépated in

_triplicare except for P. fluorescens Lsolate growth experiments
which were in duplicate. |
G}owtﬁ rates were determinéd from optical‘dengity (obD)
measurements téken at 540 nm using a Carl Zeiss PMQII
§pectrophotomefer. One 2.5-mL‘aliquot from each of 3 flasks
containing C. lividum isolate Culture,‘aéd?2 aliquots.from each

of 2 flasks containihg P. fluorescens isolate culture were

measured per concentration.

Cell counts of C. lividum i§olatg cultures were ﬁédé using

the écfidrnéﬂéréﬁéé'&irect,ceiiiéoﬁﬁt7ZA6ch té;hnique'qf Hobbie

4
et al. (1977), which i1s briefly described here. Nuclepore

membrane filters (0.2-pm pore size and 25-mm diameter) were



»

pre-stained in a 0.2% solution of irgalan black in 2% (Q/v) p 1'/
aceticracid for 6?12>h and rinsed in distilled water’prior to )
filtration. A 2-mlL sample was treated with 0.2 mL of a O. IZ

acridine orange aqueous solution for 2 min and then filtered by

vacuum (125 mm Hg). The filter’was placed on a microscope slide,
N

'va drop of Cargille type B immersion oil placed on it and a cover

13

slip placed on the filter. ‘High bacterial numbers in the samples

made dilutions of upfto 1000x with GN medium neccessary to ' dx

facilitate .counting. . . T B e , .

S

Counts_were made using a Zeiss standard WL research

-

microscope fitted with a IV FL epifluorescence condenser, a 100

‘W halogen lamp, a 450-490 band-pass filter, a FT 510 beanm

splitter, and a LP 520 barrier filter. At least 200 bacterial
cells were counted from each of a minimum of 10 randomly chosen

microscope fields, and the total calculated by extrapolation.

Bacterial cell sizes of the C.Alividum isolate were

monitored during exponential growth. Photomicrographs of two
fields per“filter, as prepared for the AODC, were taken after_32
and 51.5 h of the growth (Fig. 2) using Kodak Tri-X pan black

and white film (400 ASA) with an exposure of 25-30 sec. The

7

graphical statistical method of Cassell (1965) indicated that

sizing 50 randomly chosen cells from each‘photomicrograph would

®

provide a representative sample. The length ang width of 300 -

cells ‘were measured using a micrometer for each concentration at
)

both~ sampling times.

§

The pH of lObO ppm acephate-treated and untreated cultures
Aab -

-



p-114c(u)lglucose, diluted to a

-

of C. 1ividum isolate was monitored to obsérvé possiblé )
acephate-pH effects.

[

Uptake of l4c-nutrients

lCulturésrgrbwn to an OD Séqﬁnm of 0.3 were harvested 'by

céntrifugatibn,at_10;400 g for IO’min at 4°C.1in a Sofﬁall'RCZ;B

’refrigeratedvcentrifuge. The resﬁiting pellet was resuspended n

‘glucose-free GN medium (GFN) and receisrifuged.'Tbe washed cells

‘were then ,r,é's,i,x,s pended ,1,n_1,,5,(1;.,x~n1# of GFN broth. and left for Lheat

-

15°C prior to rad;oactivé”gubétrate addition. Kcephate was added

as descibed for the grthh'experiments or, it was added with the"

radioactive substrates to observe any immediate effects of the

insecticide. 5i§§ 4f - Q;EQ

The radioactive carbon substrates were prepared as follows.

ggerifigmactivity of O;9ﬁp§jijJ

was added to1gach 5-mL suspension of C..lividum isolate to y%eld

a final cqncentrationfof 2.8 x 1077 mM. The specific activty and

final concentration of [{4C]g1ucose used 1in the P. fluorescens

isolate uptake experiments were 1.8 uCi/mM and 5.4 x 10~7 mM,

respectively. Uptake of™a L-[IAC(U)]aminoaacid mixture

consisting of ala, arg, asg; glu, his, ile, leu, lys, phe, pro,
’ -3 ' <

ser, thr, tyr, val, -and gly (New England Nuclear) was also

tested. The original mixture was diluted to a specific activty

7Bfribjﬁci/ﬁgméMandM;a&;drgo 5-mL samples to yleld a final

concentration of 1.96 xfio-z mg c.

The rates of uptake were .determined according to Hobbie and



7 then shaken for 1 h to collect all” 14CU2{affer which the E

. formalin to the suspension. Each flask was capped with a serum

Vstopper fitted with a plastic cup (Kontes Co.) containing a

'scintillation cocktail (Amersham Corporation). The remaining

placed in a glass scintillation vial- containing 10 mL of PCS I1

~and allow chemiluminescence to subside. before being counted on a

Crawford (1969). This involved-addition of 5 mL of cell
suspension to each sterile 25-mL Erlenmeyer flask which was
shaken at 100 strokes/min in a Dubnoff shaking'water bath at

15°c. Killed controls were prepared by adding 0.4 mL of 36X B 3

bl b 1

25-mm x 51-mm piece of folded Whatman No. 1 filter paper ; Q:l;

(Fig-l). fhe 14C—nutrients, with or without acephate, were]

e il s e

and 21 gauge hypodermic needles. At the end of 3+ or~5—min o
incubation;periods, 0.2 mL of 2 N HyS0,4 were injected into each
flask to stop uptake and remove 14C02~from solution. At_thg aame

time 0.2 mL of phenethylamine‘Were injected into the plastic Cupv

AL b e s T

saturating the filter paper to absorb the 1'l'COZ. The flasks were ) 3
filter/paper was added to a vial containing 10 mL of PCS II

culture was filtered through a 47-mm diameter 0.22-um pore size

Millipore filter, washed with 10 unL of GFN, an} the filter
cocktail. The vials were left overnight to dissolve the filters

Beckman LSC- 800Q,scintillation counteriiQuenchinginas,corxectedlllllllgl

for by the external standards ratio method.v

A
L
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Fig.1. Apparatﬁs used to recover respired14C02
onto filter paper moistened with phenethylamine.
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Trénsport of [IAC]qzcloléuciﬁe

Y Cleycioleudine (Amersham Corporation) was tested by measuring

-me tabolisma - Tt T T T e

_concentration). At 3 min intervals 5-mL-aliquots were removed

Cycloleucine was chosen to investigate transport because.

2

past studies in thi}_labqratdry have ‘shown that it is not -
metabolized. To ensure that cycloleucine was not utilized as as

a substrate for growth, cultures of C. Jlividum isolate were

pfegared'and grown as described above, except that cycloleucine
(1—aminocyclopentane-l—carbbxylic acid) replaced glucose as the

carbon substrate in the GN medium{ Mi®robial degradation of

thevmingra1ization of the substrate using the technique of

Hobbie and Crawford (1969), as described previously. Absence of

14

growth or respired COs by cultures grown with cycloleucine as

the substratewgip¥ided evidence that this compound was not

metabolized and could be used to study tfansport independent of

The rate of cyqioleucine uptake was determined as follows.
Acephate (1000 ppm) treated and untreated cells from 46 h
cultures were each centrifuged and washed in GFN medium and then
left for 1 h at 15°C. Two 75—mL>aliddots, one of which was
killed with 6 mL of7362‘formalin, were placed in. separate -
sterile flasks. To each flask 4 mi of IIAC]cycloleuciné diluted -

to specific actvity 1 mCi/mM was added (107> M final

and vacuum filtered (125 mm Hg) through 0.22-pm pdre size 47-um

diameter Millepore filters. The filtets were immediately:washed

with 10 mL of GFN medium, placed in scintillation vials

11



‘Osterlin (1978). This program uses Duncan's Multiple Range Test

~the - flasks being- diluted -at--43-min- with—eold—cycloleucine—(O.Qla—~Wﬂw—€ﬂ

“containing PCS II scintillation cocktail and left to dissoive

overnight before being c0unted in the scintillation counter.

The influx-efflux (transport in and out of cells) or chase
experiments followed the method. of Masuda and Albright’(1978).
Cultures wvere washed three’ times with GFN - medium and suspended '

in 10 mL of the medium in an 1ice bath until needed. The

Suspension was diluted to an OD 540 nm of 0.2 with modified GN..
transport medium (GN medium with 400—pg chloramphenicol/mL).
Each of three SOHmL‘Efienmeyer fiasks re 'eiﬁéﬂ*ﬂﬁ mﬁﬂof the S
above suspension and was placed in a shaker water bath at 15° C:
The contents of one of the flasks were killed by the addition of
0.4 mL- of 36% formalin and served as the killed control. To each
of the flasks 1 mL-of radioactive cycloleucine solution-was
added (final concentration 1072 M), with the, contents of one of ;
M final concentration). All flasks were sampled at specific

intervals by removing l-mL aliquots which were filtered, rinsed

and placed in PCS II scintillation cocktail prior to counting.

'

®

Statistical Analysis - .

: i J : . :
when there are more than 2 means. When the ANCOVA indicated that

Statietical analysis of the data was performed by computer o

using the MTS ANCOVA/ANCOVA program adapted by Greig and

to . distinguish significance following the initial ANOVA/ANCOVA
. - A

-

regregéion lines were not parallel, or when Duncan's Hultipler
N .

12




Range Test wés not sensitive enough, Scheffe's Simultaneous
Confidence Intervals were determined using the Midas statistical
package (Sfatistical Research Labofatory 1976)} All figures in

the text, wifh the exception of Figure 1, wére draﬁn Jsing *a

computer generated regression lines.

13 ; — -



C. RESULTS

Identification of Bacterial Isolates -

‘The results of the morphological, cultural physiological

and biochemical tests of the Leil Lake isolates and the type

' speciesvcharacteristics are shown in Table 1. The C. lividum

isolate exhibited similar morphological, cultural and 77v

physiological characteristics with the type species, 'although 5
biochemical test results were often ambiguous. The glucose

oxidative and frementative and glucose acid tests gave ambiguous

@

EERJET SR,

or variable reactions. Kovacs oxidase test proved difficult to
interprete with the Cs lividum isolate because the purple e

bacterial pigment interferred with reading a positive purple 3

color change. The-P. fluorescens isolate gave more definitive

test results; only the litmus milk test was inconclusive.

. | . . .
Growth Experiments : ' , ’ 3

The growth of C. lividum isolate im GN broth containing O
(control), 1 and 1000 ppq\acephate is shown in Fig.2. No change ‘-
from the control was observed in the doubling time_(ﬁhe time -

required for a change in OD from 0.l to 0.2), maximum cellullar

~ yleld or morphology in cultures exposed to 1 ppm acephate, but :
E— exposnre to 1000 ppm acephate did cause differences. Maximum %

cellular yields were greater;fb the control than in the 1000 ppm

\

14




" Table 1.

Morpholegical, .cultural, biochemical and physiological characteristics

of Lei Lake?”isolates compared to type species (Buchanan and Gibbons 1974).

Character

C. 1lividum

type

iéolate

P. fluorescens

type

isolate

Morphological ,and

Cultural:

size (Pm) ’

- shape

motility
colony appearance
Gram reaction

Physiological:

growth at 4°C
growth at 37°C
obligate aerobe

Fluorescin pigment
Biochemital:

glucosefioxidative)
glucose (fermentative)
glucose acid

Kovacs oxidase
catalase

gelatin liquefaction

litmus milk peptonized

0.8 x 2.5-6
rod -

motile

round, purple

T4+ o+

P+ 4+

0.7 x 2.3
rod

motile

round, purple

L+ 1+

U+ |

0.7 x 2.5
rod
motile
round

+ + 1+

P
¥
oF

0.7 x 2.3
rod . S
motile

~irregular

A+ + A+ o+

++ 1+

+4+ +++ 01+

= positive

- = negative

I+
ft

unclear reaction

15
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Fig.2. Effect of 0 (O), 1 (®) and 1000 (&)
ppm acephate on the growth rate of C. lividum
isolate (see Appendix 1).The equations of the
lines used to calculate doubling times are:
control, 1o0g0D=0.0429(time)-2.5088;

1 ppm, log0D=0.0428(time)-2.5148;

1000 ppm, log0OD=0.0355(time) -2.357

16a
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D

treatment; 0D of 0.79 to 0.69, respectfvely. The medium pH ' A é
dropped from 7.5 to 6.3 during growth in GN broth with or *’/"//' )
without acephate (Apps 2 and 3). » o y, “‘,5 ) . .
The linear portion of the groszh curves from 8 to 54 h j
V(Fig.Z) were analyzed by Q,L:way ANCOVA and Scheffe's test.,
,There was a significant difference (P<.05) between the 1000 ppm :
treatment and both the,control and 1 ppm treatments, but not -

[ . .
between the control and 1 ppm treatment (P>.05). Regression

T

|
S

lines for the linear or exponential growth period were used to

'calculate doubling times..The doubling time of the control ; i
culture was 7.02 h compared t6'7.04’and 8.48 h for cultures:

exposed to concentrations of lland 1000 ppm acephate

respectively;

Length and width measurements for C lividum isolate were

et 1 i s a

analyzed by a l-way nested ANOVA and Duncan's Multiple Range

. S —
Test (Table 3) Width méasurements were not significantly

different (P>.05) for any of treatments. Cultures exposed to

1000 ppm acenhate showed a significant (P<.05)‘decreaserindce11

length (compared to the.control and 1 ppm treatment) buf no

significant diference (P>.05) was indicated between the control . - i

cultures and those exposed to 1 ppm acephate. | o ;
‘Results of growing C. lividum isolkate, previously gronn in

GN medium containing acephate (Fig.2:1000 ppm), in acephate~free

medium or in medium containing IOUU ppm acephate are shown in

Figf3r~kna}ysts—of—the—}fnear—portionAofgtheggrowth—turves*frvm*******r§*

5 to 50 h by ANCOVA revealed a significant difference (P<.05)

&}

"%
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Table 2.

Effect of 1 and 1000 ppm acephate on the length and width (¢ 1sD)
“of C. lividum isolate cells (n = 300’<Z;%eri? 0 and 51.5 h of growth,

Treatment

Time tength Width
(pm)- (pm) -

32.0 | control 1.98 + 0.34 10.53 +0.09
’ 1 ppm 1.96 + 0.36 Q.54 % 0.08

. 1000-ppm’ 1.76 + 0.31 048 +0.07

51.5 control 1.93 * 0.32 0.39 * 0.05
1 ppm 1.84 + 0.33 0.40 * 0.05 -

1000 ppm 1.63 * 0.26 0.39 + 0.04

* o .
P < .05 (compared to control and 1 ppm)

i

18 .



Fig.3. Growth rate of C. lividum isolate,
previously grown in 1000 ppm acephate, in the
presence of 0 (O) and 1000 (A ) ppm acephate
(see Appendix 4). The equations of the lines
used to calculate doubling times are:
control, logOD=0.0389(time)-2.442;

1000 ppm, logOD=0.0328(time)-2.3875
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between treetmeets:1Cuitures grown in medium wiehoutvacephaﬁe
had a doubling time of 7.74 h compared fo'9.18 hrfo}'ehose,

gxposed to iOOO ppm acephate. fhese’dqublingitiqes ere w}thin
16z of those ealculaged from cultures shown in Fig.2, apd’the

difference is probably caused by experimental conditions rather ' @

““than acephate.

C. lividum isolate cell numbers, measured using AODC,
varied considerably between replicate'eOunts; and made detection

of inter-treatment differences: dlfﬁLcuLtm(Apper tomZ)t:ix—wa,w;,_;

necessary to dilute cultures up to 1000 times for counting

which, combined with cell ciumbing may have contributed to the

variability.

2

<£.-f1uorescens isolate growth was not affected by acephate

(Fig.4). The data were more variable than for C.. “lividum isolate

(F;gﬂZ) probably because ‘this species, had more tendency to clump

in the GN medium. For these reasonsﬂAODC enumeration was not

attempted. Comparison of the linear,portion of fhe growth curves.

B

(1.5 to 26 h) using l-way nested ANCOVA and Duncanis,Multiple %

Range Test showed no significant difference among treatments : %
- e . -

(P>.05). During this period of exponential growth the ‘doubling 3

time was about 4 h for cultures in all treatments.

20 | T




Fig.4. Effect of 0 (O), 1 (®) and 1000 (&)
ppm acephate on the growth rate of P.
fluorescens isolate (see Appendix 8Y. The .
equations of the lines used to calculate

" doubling times are: :

- control, log0D=0.075(time)~-2.392;" , '
-1 ppm, log0OD=0.075(time)-2.393; - _ v
1000 ppm, log0OP=0.075(time)~2.364 ' ‘

" 21a



— . e

1 1 ] i | 1 L 1 1

4 8 12 16 20 24 28 32

RHR TR

S i\,’xt, S — S ‘ e,

- 1.0
o _ 7,,,,5:1,,
' 0.l
o =
<
7 n
(]
o
o
3 O
- |
00l
0

21b



_respired

%

et
|
|
|

L}

Uptake of l4c-nutrients

C. 1lividum isolate exhibited linear aerobic uptake
(inéludiﬁé respired COj) of [14C]g1ucosé over the 30-min

incubation ﬁeriod»(Figs.Sgénd 6), compared with 18 min for -

[14C]amiﬁo ;}ids mixture (Fig§.7 and 8). P. fluorescens isolate

‘had rapid;[14C]gluCOSé uptake tétéé‘sd aﬁ 18;miﬁ’iﬁcubéfion was

used (figs.Qland 10), but amino acid uptake was not,assayéd.
Per cent mineralization (that portion of total uptake

s CO0y) was measured as an indicator of stress since ...

"environmental factors, such as pesticldes may stress bacteria

and Iincrease COZ evolution. The data (Figs.5 to 10) do not
clearly indicate higher levels of CO, evolution in the 1000 ppm
acephate_treaﬁed cells. The high rate of mineralization before

10 mfn, which was typical of most uptake experiments; probably

resulted from cell sgspgpg}gggg;eparation‘(e.g. washing,

starving, etc.).

€. lividum isblatercultqres growﬁ in the presence of 1000
ppm aéepha%e ‘showed lower rates of [14C]glucose total uptake
than either the control or cultures exposed to 1 ppm acephate
(Fig.S). Analysis of thé déta byfAﬁCOVA and Scheffe's test
showed that there was a significant difference (P(.05)>between
the 1000 pbpm treatmenf_;nd both the control and 1 pém

treatments. No difference was indicated betwqgn the control and

e e s _ ——— -

"i”;§£ Erééggént (P>.05). In cohtrast, ANCOVA of the total uptake

~data for cultures exposed to acephate at the time of- substrate

addition (Fig.6) did not reveal a significant difference (P>.05)

22



Fig.5. Rate of total [14C]glucose uptake and %
mineralization for C. lividum isolate cell
suspensions prepared from cultures grown in the
presence of 00 (O), 1 (@®) and 1000 (A ) ppm
acephate (see Appendices 9; 17 _to 20).

\
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iz

between the centrol and either treatments. Concentrations of
1000 ppm acephate affected total uptake by reducing the amount .
~of cell associated radioactivity without appreciably altering

the 2% mineralization;

The uptake of amino ,acids by C. lividum isolate is shown in

g

Figure 7 for cultures grown 1in acephate, and Figure 8 for -

Gt

cultures treated with acephate at the time of substrate
addition. The data have been transformed by graphing uptake‘

versus- log time to simplify statistical calculations. Analysis ‘

of the total uptake data (Fig.7) by ANCOVA and Duncan's Multiple
Range Test revealed that there was a significant difference
(P<.05) between intercepts among treatments, but not slopes,
between the 1000 ppm treated’cells and both the control and 1 ‘ ;
ppm treatment, but no significant difference (p>.05) between the |

control and 1 ppm treatment. The % mineralization ‘was much

greater in the 1000 | ppm treatment than in the control or ‘1 ppm

treatments,~For cultures t{eated with acephate at the time of

Tl A ey e ey

substrate:addition (Fig.8) an ANCOVA and Duncan's Multiple Range.
Test indicated that there was mno significant difference (P>.05)
getween'slopes or intercepts between the treatments.

In contrast to C. lividum isolate total glucose-uptake by

P. fluorescens isolate was not affected when cells were grown in

the presence of acephate (Fig.9), or treated with the

insecticide at- [JACTglucose adﬁition (Fig.10). ANCOVA of the
total uptakeldataffprgbotheexperiments4indieated—thatethere—was/—————ﬁe——

no significant difference (P).OS) between treatments.

26 -




Fig.6. Rate of 'total [14C]g1ucose uptake and % =
mineralization for C. lividum isolate cell '
stispensions prepared from cultures grown without-

acephate additions which were treated with O

(0), 1 (@) and 1000 (A ) ppm acephate at the

time- of glucose addition (see Appendix 10).

- 25a



25 30

20

10

NOILVZITVMININ %  (gOIX wdp) INyLdn 3SOONTOPy]

TIME (min)

e
[T}
(]



Fig.7. Rate of total [H‘C]aminov acids mixture
(A.A.) uptake and % mineralization for Cv
lividum isolate cell suspensions prepared from
cultures grown in the presence of 0 (O), 1 (@)
and 1000 (A ) ppm acephate (see Appendices 11,
21 and 22).
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"Fig.8. Rate of total [14'C]amino acids mixture
(A.A.) uptake and % mineralization for C. _
lividum isolate cell suspensions prepared from
cultures grown without acephate additions which’
were treated with 0 (O),1 (®) and 1000 (A)
ppm acephate at the time of amino acid addition
(see Appendix 12).
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Fig.9. Rate of total [14C]g1upose uptake and
mineralization for P. fluorgscens isolate cell
suspensions prepared from cultures grown in the
presence of 0 (O), 1 (®) and 1000 (A ) ppm
acephate (see Appendices 13, 23 and 24).
g . )
- ’
o -

28a



R
1

5

, | : ,
L /-” 1 ]

f
7
04,,0._i0, f

NOLLVZITVININ % (cOIXwdp) IxvLdN 350019 op]

TIME (min)

% .
o~

A ]



Fig.10. Rate of total [14C]g1ucose up e and 2
mineralization for P. fluorescens isolate cell N
suspensions prepared from cultures grown without
acephate additions which were treated with 0
(O), 1 (@) and 1000 (A) ppm acephate at the

time of glucose  addition (see Appendices 14, 25

and 26). -

——
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Transport gf;[lac]hycloleucine

. - . i . ) / N
Cycloleucine was not able to support growth of C. lividum

>

1solate when it was the sole carbon source nor was any,lACOZ
recdvered'during respiration experiments when [14C]cyc101edéine

~.was_used as the substrate. While,thesé-resultsrindicate that- -

qycioleuéine wés not'metabolized, iﬁiwas taken up by thé/cells%,v
Aerobic uptake of [14C]cycloleucine at 15°C reached satufationu

at about 15 min and was not affected by the presence of 1000 ppm

acephate (Fig.l1ll).

"For influx-efflux experiments the cells were suspended in

’

GN medium with chloramphenicol which prevented protein synthesis

but maintained viable cells for.use in the study of transport

¥

systems independent of growth, Concentrations of

[IAC]éycloleucine in both the control and acephate-treated

culfﬁfggﬁféézﬁéﬁwéw;églﬁ;ﬁiaftér,épproximately 10 min, decreased -
slightly thereafter, and remained relativély constant between 35

and 50 min (Fig.l12). At 43 min, the medium concentration of

cycloleucine was increased to 0.01 M by the afidition of ° -

¥

unlabeled cycloleucine. The increase of unlabeled substrate
caused a significanﬁ efflux of intra~cellular label similar to
the initial uptéke, and by 60 min the amount of label dropped to

approximately the acid-killed control concentration. Thé loss of

“intra-cellular label suggests that”f**CIéiEIEIEﬁEine was being
- —held in an intraec ' : ' ncorporated -~

into protein.

~ T ;;“\< 3
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Fig.ll. [14C];cycloleucine uptake of C. lividum .
isolate cell suspensions treated with 0 (O ) and
1000 (A ) ppm acephate (see Appendix 15).
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Fig.12. [ll'C]cycloleucine content of viable C. ) b
lividum isolate cells treated with 0 (O ) and ;
1000 ( A) ppm acephate. At 43 min unlabeled

cycloleucine-was added to viable cells; (@) O _
ppm efflux and 1000 ppm acephate-treated efflux .
(A).Acid-killed control (D) (see Appendix 16). ;

[ N . s
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D. DISCbSSION
The‘eharacteristice determined for thevLei Lake isolateé
agreed well with those reported for the type species (Table.l)
except forithe biochemical test reselts for'the C. lividum
oo 4solete.lHeQever, the distinctive cultural andwphysiologicai,,
| characteristics were strong diagnostic indicatorsxtor E;';ividhm

nd at.least one other study has based Chromobacterium Sp.

identification mainly on these parameters (Bolter 1977)

The ~genus Chromobacterium is currently placed in the family

Rhizobiaceae (Buchanan and Gibbons‘l974) but there is strong ' -

evidence that the taxonomlec position of the genus should be

changed (Moffett and Colwell, 1968; Heberlein et al. 1967; Sneath

1974), and possibly pla in the family Pseudomonadaceae.

P. fluorescens d E. lividum are common bacteria im soil

and water (D0udoroff a d Palleroni 1974' Sneath 1552).

Pseudomonas sp. are typgical inhabitants of lTake water (van Niel

and Stanier 1959; KuznetsoQ 197b; Rheinheimef 1974),;end mey be.
- the dominant bacterial genus hresent in aquatic environments

(Lepteva 1977; Be11>g£. al., 1980). C. 1lividum appears to be less

‘abundant in aquatic ecosystems. Bell et al. (1980) isolated two

species of Chromobacterium from oligotrophic rivers in New

-

Brunswick but C. lividum accounted from less than 1 to 3 Z of

- “ the total’ pdﬁﬁlatio’ ‘sampled. In Siberian lakes about & X of the tr

- ru—Sﬂeeiesfiselated—we%e~}dentiiied—as—beieﬁging—tGQChxomobaete;ium——;———f

(Kuznetsov 1970).
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_The déta presented for C. lividum isolate show that growth(
in medium containing 1000 ppm acephaté medium decreaSés the rate
of growth and uptake of.glucose and amino acidé, but nét fhe
raté of‘cycloieucine uptake. Thus it appears that acephate méy
not inhibit.activevtransport directly, in C. lividum isoiate.

To give perspeétive to -1 and 1000 ppm concentfat;ons,:it is
useful to comﬁéfe the toiicity.of acepﬁéée‘wifﬁ mare fadiliar
pesticides, and to know the amount of acephate which would be

N

required to give these concentations in Leil Lake. Acephate has a

24-h LCg5y of 900 to 2890 ppm for rainbow trout (Salmo gairdnerdi

(Duangsawasdi and Klaverkamp 1979; Geen et al. 1980). Holden

lists the 24-p LCgy of several pesticides for rainbow trout as:

~
DDT, 4.2 ppb; malathion, 100 to 16q'ppb; methyl parathion, 2.75

ppn (96 h); carbaryl, 3.5 to 4 ppm; 2,4-D(PGBEE),1.2 ppm;

B

2,4—DB(abid), 13.5 ppm. In order to obtain concentrations of 1

and 1000 ppm acephate in Lei Lake about 122 kg and 1.2 x 105 kg
respectively would have fo be hoﬁogeneouély dispersed in the
water column (based on a surface area of 2.1 ha and mean depth
© of 5.8 m). ‘ |
Optical density was used to measure growth because 1t 1is
proportional to the number or mass of ceils in a bacterial
suspension (Herbert 1961; Spaun 1962; Meynell and Meyhell 1970).

When 1light 18 transmitted through a suspension almosgt all of thev

apparent absorbance is attributed to light scattering by B

fﬂdfvfdﬁa}”Cﬁi&ﬁTgﬂﬂﬁﬁOﬂiygﬁgsmaiigeﬂttﬂfgfﬂ*t%ﬂt‘ﬁbﬂ%fptiﬁﬂ44;4444f444f*

(Spaun 1962; Freifelder 1976). Leséulight scattering by_C.

»
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- 1ividum isolate cuitures.exposed to . 1000 ppm acephate probably

caused lowet OD measurements. ;;l
Although calibrations for cell number and dry weight with

¥

cultures exposed to 1000 ppm acephate and those for the control

0D werernot made, the cell numbers for g: lividum isolate
were comparable at an OD of 0.3 (AppendiX"S);'ﬁnt cell size and”

the® maximum cellular yield of 1000 ppm acephate—tfeated E; |

lividum isolate cnltures Qere reduced. Powell (1963) and Meynell

and Meynell (1970) s,t'a,t,e,,_,t,ha,t _smaller cells sca tter ,le-,sé 1ight
than larger ones at a given wavelength, so that reduced 1ight
scattering at a‘given 0D by the acephate-treated cultures could

be a result of lower bionass. Therefore treatment of C. lividum
"isolate cultures with 1000 ppm acephate may reduce biomass by

affecting biosynthetic mechanisms. ’ . . .

Blakemore and Carey (1978) f0und that concentrations of

~ R

'pplychlqrinated biphenyls (PCBs) as low as 10 ppb increased
generation times, lowered maximum cell yields and caused
morphological changes in a marine pseudomonad and attributed
these effects to. Anhibition of biosynthetic mechanisms. In a
followup.study Blakemore (1978) showed that the synthetic rate.
and total amount of nucleic acid per cell were significantly

reduced in 10 ppb PCB treated-cells and adenine accumulation was

30%Z of controls. These results suggested membrane alterations or

1hh151:i63”6£”én£§iééginvolved in nucleic acid syntheeis.

"'The effects of IUUU'ppm acephate on C. lividum isolate were

reversible when the cells were inoculated into fresh culture

35



medium (Fig.3). Reversible effects indicate that this o
“concentration 1s bacteriostatic for the bacterium, and may not .
be pefmanently bound to the celis.‘Blakemore and Carey (1978)
found that a ﬁCB concentrétion,of 200'ppb was algof
bactefiostaﬁic for some bacferia. C. lividum isolate exposed to
repeated 100b ppm concentrations of acephate did not show
adaptaﬁionrto the insedticide{’Reducéd déubling times woul& be.
expected'if this‘organism was adapting to acephate.’
77,Uptékgidg§a forrgiﬂ}%yigqy isolate exposed to 1000 ppm .
acephate during growthiipdicatéd Ehat the amount of radioactive
glucose and ami&o acids retained by the cel}s was significantlyw
reducedvcompared to the control. However; the portions of 14COZ
were similar. Uptakelr;tes for the subétrates tested depend on

the rate of translocation into the cell, catabolic and anabolic

pathways and resbiratidn‘as CO,y. Yarbrough et al. (1980)

Vwcoﬁsi;éfgargﬁeVihitiairfagé‘(tgat occurring withi; gﬂe fifsgwisr
sec) of glucose and pfoline trénsport to be representative of
fhé true transport réte, and subsequenﬁvuptake to ref%ect other
processes such as catabolism or incorﬁoration into céllular

material. Baross et al. (1975) found that the radioactivity
retained by filtration after acid fixation with sulfuric acid
was 1dentical 'to the amount precipitated with trichloroacefic

acid (proteins and nuc1e1c>écids). Fixation caused release of

e

the substrate pools and low weight metabolites but did not
affEtt“iﬂtTHtEiiUiHT4mHtUmﬁiEtUiHT‘tQmpUnEﬂtBT“TntETFTEtthvﬁgvf
uptake data was discussed by Griffiths et al. (1981) in their

36
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study of the effects of 50 ppt crude oil on 1f‘AC--labeled glwcose
and glutamic acid uptake by marine sediment microorganisns; They
reasoned that the effects of crude oil on transport into the
cells.could.be differentiated from biosynthetic effects;by
comparing changes inrthe/pOrtions of cell associated
radioactiyity with tnat respired as- ll'CO'Z.VCrhanges—primari.lyr.«
‘restricted to cell associated radioactivity reflected changes in

biosynthetic mechanisms, wﬁile equal changes in cell associated

and resyired radioactivity indicated alteration of substrate

transport into the cell. Since cell associated radioactivity was
-more ,strongly affected in uptake experiments with C. lividum
isolate using cell suspensions prepared from cultures grown in
1000 ppm acephate (Figs.5 and 7), biosynthetic_patnways may be™
affected either by reduced macromolecular synthesis or by a

shift to synthesis of low weight metabolites. Upon fiiation

these small molecules ‘would have been released from the cell.

Acephate (1000 ppm) did not affect the uptake or efflux of
cycloleucine by C. lividum isolate. Cycloleucinelwas chosen as
the substrate to investigate transport because it was not
metabolized by C. lividum isolate and has been récommended fok‘
st f@¥=p0f transport independent‘of metabolism (Akedo and

Christensen 1962; Christensen and Jones 1962). As an analogue of

L-leucine or L-valine it is transported by the

B R P TR A

leucine~isoleucine-valine transport system, which is a well
\ .

knoﬂn,multiple;tnansponL4muﬂuuu4mLinmbacte;ia4utilizingfbinding——————f

proteins (Anka¥u>1978). Christensen (1975) states that

3
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cycloleucine is a useful model substrate because it 1is reactive .

‘with Zrbr more important transport systems. | .
For acephate to ;}féc; biosynthesis it would have tg'
penetrate into tﬂe cell. No studies have been publiShed
déséribing membrane permeaBility or transport in C. 1lividum but
it appears that binding pfote&ﬂé loéated within the péripléémig.
space betwe;n the outer and cytopl&smié membranerare;importaht
_in the transport of glucose and aﬁinb acids by Cram negative
bacteria,gﬁnerally(CosterﬁQn et al. 1974; Meadow lQZS;«Hilson
and émith 1978} Romaﬁq Ei al. 1980). The use of acephate as a
sole phosphorus‘soﬁrce'by éoil pseudomonad enrichment cultures
- may 1ndiﬁéte that»acephate is able z}‘penetrate into cglls

(Rosenberg and Alexander 1979), either with or without the the

assistance of a transport systém. However, acephate may be

degraded extracellularly and the phosphorus molety taken up -

- separately.

Membrane structure is also an important factor in thé
;permeébility of cells. Replacement of saturated fatty acid witﬁ
unsaturated fatty acid 1ﬁ membrane lipids 1ncfeases the
noneleétr&lyte permeability‘of cellé'(McElhangy ggzil. 1973).
Unsaturated fatty acid substitution decréases’the‘orderly
arrangement or rigidity of the membrane and increases the

fluidity. Bacteria grown at a low “temperature have membranes

[ S s — N

containing greater proportions of unsaturated fatty acid than

" those grown at a higher temperature (Esfahani et al. 1969; Fox

1972a,b). The maintenance of a fluid membrane is important in
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when both organisms catabolize glucose using the

VEntner Duodoroff pathway (Brock 1970)? Two possible explanationsv

" the normal functioning of‘membraneﬁ:??TVitLém, including -

transport.

Under the_conditions'of C. lividum isolate cultute (15°é'
and\pH 7.5 to 6.3) acephate would be expected to,hehionizedl
(Klaverkamp and Hobden 1980), but may penetrate the membrene
directly,on.be ttans?ofted. Duangsawasdi ;nd Kleverkamp,(1979),; , o
estimated Qig values from retes of mortalitv for’rainbov cr0ut' |

to be 1.3 »which according to Shifrer et al €1974,  cited in

Duangsawasdi and Klaverkamp 1979) may indicate that physical

BCH

uptake processes (e.g. diffusion) are involved. Since acephate
effects were only observed at a high concentration (1000 ppm)

its concentration gradient may have assisted penetration into

e -

the cell. ’ - .

If acephate affects C. lividum isolate why does it not

appear to- affect P. fluorescens'ieolete growth or glucose uptake

are given below.

e ) .
S T PN TR TOULINIY.

. . C ) ' o
Firstly, C.lividum isolate has a 7 h doubling time*compéred

with 4 h for P. fluorescens isolate, and it is possibleﬁthatmthe
\,frﬁw

shorter doubling time is a result of more rapid metabolism.'

1

b

Khasahinah‘et al, (1978) studied the toxicity of methamidophos,

an acephate activation product on housefly cholinesterase and

| g I.rg\)l

concluded that the relative stability" and*low invive

degLadationlpexmittedladeqnate4concentIation34jnrlalsuiiicientl¥lllllv,

long period of time to cause cholinesterase inhibition. Acephate
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1s known to be a poor in vitro fnhibitor of housefly

cholinesterase (Rojakovick and‘Mareh 1972) and may behave .

‘similarly'to methamidophos in vivo. Althoqgh bacteria.db not

possess cholinesterase, a high interhal aceghate concentration'

may be required to affect biosynthetic enzyme(s)

Secondly, £,ffluo:escens—isolate—may—not~be'affeCted”by

aCephatelif:it'is able td utili;e alternate glucoee‘tranéportv

systems or hiosynthetic pathwaysu There'are'at least 3 routes by.

which glucose may enter the Entner Duodoroff pathway (Lynch and

Franklin 1978) or be degraded (Wood 1955) 4in-P. fluorescens.

v -

This organism ie aisq able to use from 60 to more than 80 carbon

sources for .growth (Stanier et al. 1966),ref1ecting itsh

enzymatic versatility. Acephate is d-poor in vivo inhibitor of

*houéefly acetylcholinesterasev(Rojakovich and March 1972) and

does not react with detoxifying enzymes such as microsomal

-

.oxidases and GSH dependent transferases in resistant insects

(Suksayretrup and Plapp 1977) Therefore acephate may ‘affect a

specific biosynthetic enzyme in C. lividum iablate but P.

fluorescens isolate would avoid acephate effects by utilizing

alternate pathways.

’ The results of the study presented here indicate that only

a high’cdncentration of acephate (1000 ppm) affected‘g. lividum

isolate and it‘is unlikely that aquatic orgamisms would be !K

“exposed to conce ’tr'tioga of this magnitude in the natural

-

g

%‘t‘.‘ﬁw«a o,

S -
{ Ngportrgd . .
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environmental dosage, indicating that the,toxicity‘of acephaté
to bacteria is depends om high concentrations and the type of

metabolism. Rabeni and Stanley (1979) and Geen et 3l.’(1981)

‘

i b ;.»;44;:meitagm%zJm&m@m,i e

have shown that only minor and localized impacts on the biota E
were observed 1n'§treams treated with low (<1 ppm) ?
v . . A !j
~concentrations of acephate. - . .t 3
Daate N 4
¢ .
¢ g
1
%
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E. CONCLUSION
The results of this study indicate that acephate preggn&
A V 4\A . . ) ) k
at a concentration of 1000 ppm in culture medium affects the

rates-of growth and glucose and amino acid uptake by.g.:lividum,’

isolate, but does not affect the rate of:cycloleucine'uptaké'dri'

efflux. The inhibition of cell associated uptake by acephate

appears to be caused by interference with biosynthetic

mechanisms. No effects of acephate at a theoretical =
environmental concentration (1l ppm) were observed in any of the

exPerimenfs with C. lividum isolate. Acephate did not affect the

rate of growth or uptake of glucose by P. fluorescens isolate

when present at concentrations of 1 or 1000 ppm in culture

medium.
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Appendix 4.

previously grown in 1000 ppm ébéphate;duriﬁgmgfbﬁfhfiﬁrfﬁéﬁﬁfégéﬁééﬁgffﬁﬁﬁ

D540

measurements. (n =

and 1000 ppm acephégg,(riéijSI,

3)'fop‘g.'1ividum isolate culturés; B

g
R " - . i
Control - 1000 ppm
Time '
(h) § . oD x + 1SD 0D x + 1SD
5.0 10.006 0.006 0.000  0.006 . 0.006 0.000
S 0.006 ] : - 0.006 L . S
o 0.006 - ~0.006 - &
9.0 10.009 0.009 0.001  0.009  0.009 0.002 *
. 0.008 ~ - 0.010 - . , -
‘ 0.009 ' , * 0.007 ‘3
21.0 0.021 = . 0.020 0.001  0.019 .019 0.001
g 02) T T T g 019 e e e
0.019 0.018
26.0 0.036  0.036 0.003 , 0.028  0.029 0:001
: 0.038 : .0.028 '
- ' 0.033 0.030 "
" 34.5 0.083 0.081 0.002  0.056 -, 0.056 0.004
. 0.080 £ 0.051
0.080 ~0.059 ;
47.5 0.270 0.261 0.008  0.145 0.154 4 0.010
0.255 g 0.152
- T T "TO’.’ZST'”"”:"”’* T 0.165 N )
50.5 0.350 0.350 0.004  0.176 0.187 0.012 - T
0.343 ~ 0.184° - o
‘ 0.348 0.200 ,
56.0 0.590 0.572 0.016  0.272 0.287 0.020
0.565 , 0.280
0.560 T 0.310 «
78.5 ~ 0.745  0.750 - ' 0.009  0.630 0.658 0.037 oo
: 0.760 . 0.645 ‘ . |
o 0.745 ' - 0.700
87.0 0.710 0.717 0.006 - 0.665 0.682 - 0.018
~ 0.720 o 0.680
o 0.720 0.700 -
BRI 3 W/ B - - - 0.650  0.658 0.010
0.655 '
“—0-670
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Appendix 5. Acridine orange direct counts of C.
lividum isolate for 0 (O), 1 (@) and 1000 (&)
ppm acephate-treated cells during growth. o
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Appendix 15. Data for'the'rate of [14C]cycloleucine uptake of viable
C. lividum isolate cells treated with 0 and 1000 ppm acephate (Fig 11).
All data corrected for acid—killed controls.

Time _ Control 1000 ppm
(min) ' (dpm) {(dpnﬁ'

1144 S 1242
1703 - 1915 ,
9 ! ) 2194 ) 2248 é
12 7523 S 2623 -
15 : 4, 2726 | 2701
18 - 2899 - | 2819
‘ ;
k
:
’ é

72 . g




1P L i R LLAR S v F iR Lik A B 22 LaThlesd TR LS .3%;11? B ;- [ R TR e Pl s et S Bl
, | . W |
| | ! |
: | :
\ _ _ |
T
\ L W 06 | |
- = 68L 1€ . 89 9% - - 119 L 09
. / - 860t Vo 7 - - - o 0s
, L e / S 871 f © 096
3 SYT | qnoa 9LTT 0T 12T PTT 08TT ~ 00%T 0%
A Y 1174 | 101 , y96 .
09 | mquf 0621 x4 <8 69 868 168 | o€
- 99eT | 91 890T
€€ 62€T  ZTYT (1] \0ET - 6 €OTT  LETT 12
o eLeT | 06 4 | ez
4 L9 0Z%T  L9%T 91 6L L9 | 6€CT 1621 81
, 7891 . £0T Lo 9ZET .
174 0€9T  84ST ST €6 Z8 . onT qTHT - HIST - QT
W Tt : \ W 60T . STET |
z8 7991 909T VAR 66 68. 19 €9€T 0THT Al
_ Lot | 3 | SE9T
9L 62LT  T8LT €6 Sm~ 99T (4% ETYT  06€T 6
%) | 18 | 62€T
z6 00ZT  S9LT 9¢ LOT A% T€  LOET S8z1 9
| | | :
A ! !
. | , .
@ast F - ox  wdp ast ¥ x wdp ast 3 x wdp - h
: | ‘ | 7 | (uru)
| | |
wdd (00T 1013U0) POTTTA-PTOY | To13ucy n
| | i
A 7 » ) , ,W . , , , *BIT®O
3TqeTA 03 pIppE sBM UTINATOTI4D peTgeTuUn UfTw €9 IV (T °*811) Honucoum vmﬂﬂxlgnum pue a3eydeor wdd QQOT
,‘vcm;o” UitA pajeaid m,H._”mo a3eTaOST ﬁ:vﬁwﬂ ‘3 wﬁp.m.tr Jo uc,m..ucoo mcﬂuswaoid%u_..oqﬁu , mcu. wow ele(q ,\.oH xﬁvc,wmnz,
_ | ,W | _
| ) ) ,.,‘
, o 4 i )
| |

SR

R IR pe T | wcanisie s - SRR



® .
- Appendix 17. Trial experiment of [14C]glucose
uptake and 7 mineralization for. C. -lividum
isolate grown in the presence of 0 (O) 1 (@) .
and 1000 €tAa) ppe acephate.
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Appendi'x 19. Trial experiment of [“‘C]glucose
uptake and ¥ mineralization for C. lividum - -
isolate grown in the presence of 0 (O), 1 (@)
and 1000 (A ) ppm acephate. - ° .
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Appendix 21. Trial experiment of [IZE]amino

acids mixture (A.A.) uptake and % mineralization
-for C. 1lividum isolate grown in the presence of
0 (0), 1 (@) and 1000 (A ) ppm acephate.
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Appendix 23. Trial experiment ofv[!éc]glucose
uptake and % mimeralization for P. fluorescens

isolate grown in the presence of 0 (O), 1 (®)
and 1000 (A ) ppm acephate.
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Appendix 25. Trial experiment of [“’C]gluccose,
uptake and % mineralization for C. lividum
isolate treated with 0 (O?), 1 (@) and 1000
(A) ppm acephate at the time of glucose
addition..
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