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Colmer (1) and more recent ly  Dean and Law (2) noted that the 

tolerance of bacter ia  to 2, 4-dichlorophenoxyacetic acid (2, 4-D)was in- 

creased by continued culturing in the presence  of sublethal concentrations 

of the herbicide. The lat ter  authors reported that sublethal quantities of 

2, 4-D did not effect cell size or  the total cellular yield of Aerobacter  

aerogenes.  They also presented convincing evidence that magnesium. 

deficiency in A. aerogenes did not mimic the action of sublethal quan- 

tities of 2, 4-D. 

Hart  and Larson (3) reported on the effect of 2, 4-D on different 

metabolic types of bacter ia  and had observed that certain bacteria,  par -  

t icularly the Gram-negative facultatively anaerobic bacteria,  showed a 

graded response to increasing concentrations of the herbicide. In 

further  studies we have noted a delayed lethal effect and an effect on 

length of cells by 2, 4-D at concentrations which do not inhibit growth 

completely. The present  repor t  is concerned with these effects. 

* Presen t  address: Department of Microbiology, University of Iowa, 
Iowa City, Iowa. 
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Materials  

The bacterial  cultures were obtained f rom the departmental culture 

collection. Unless indicated otherwise the medium employed was com- 

posed of 1% Bacto peptone (Difco) and 1% glucose. Incubations in the 

growth experiments and for  growing cells for  r esp i romet ry  studies were 

done at 25~ on a ro ta ry  shaker. Optical densities (OD) were determined 

in a Bausch and Lomb Spectronic 20 spectrophotometer at awavelength 

o f  600 mu. Dimensions of cells were measured with a Bausch and Lomb 

fi lar  mic romete r  which was standardized with a stage micrometer .  The 

cel lular  dimensions reported are  the resul ts  of averaging the measure-  

ments of 20 cells.  Viable counts were obtained using standard pro-  

cedures and an agar medium containing 1% peptone and 1% glucose. 

Total cell counts were obtained with a Pe t rof f -Hauser  counting chamber.  

Cells employed in mic ro resp i romet ry  studies were grown in the presence 

or  absence of 2, 4-D. Standard manometric procedures  (4) were per -  

formed at 30~ 2, 4-D was furnished by Dow Chemical Co.,  Midland, 

Michigan. 

Results 

Experiments with different bacter ia  grown in the presence  of 2, 4-D 

showed that 2, 4-D affected the resp i ra to ry  capacity of cells. E scheriohia 

coli grown in a medium containing 2, 4-D (10 mM) completely lacke~ r e s -  

p i ra tory  capacity on glucose whereas cells grown in the absence of 2, 4-D 
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showed good oxygen utilization (Fig. 1). Similar resul ts  were obtained 

with the following bacter ia  grown in the presence of 2, 4-D at the con- 

centrations indicated: Pseudomonas f luoreseens (15 raM), Aerobacter  

aero~enes (10 raM), Staphylococcus aureus (1.5 mM), and Micrococcus 

lysodeikticus (10 mM). These resul ts  suggested that either the r e s -  

p i ra tory system of cells grown in a medium containing 2, 4-D was 

impaired or  that the cells  were non-viable. 

To determine the viability of the cells viable counts, total counts, 

and optical densities of E. coli cultures growing in the presence and 

absence of 2, 4-D were compared. F rom the resul ts  obtained (Fig. 2) 

it is apparent that the viable count, total count and optical densities of 

E. coli grown in the absence of 2, 4-D are  wel l -corre la ted  over a long 

period of incubation. However, by comparison of the same paramete rs  

of E. coli grown in a 2, 4-D containing medium (Fig. 3) the OD, total 

counts, and viable counts showed good correla t ions  until the stationary 

phase was reached after  which the viable count dropped sharply. 

During the stationary phase the OD and total count remained constant 

but after  52 hours only about 10% of the cells were viable. 

In the medium containing glucose the pH decreasedf rom aninitial 

value of 7.0 to 4.5 during growth. It seemed possible that the delayed 

bactericidal  activity of 2, 4-D could be corre la ted  with the change in pH. 

However, a s imilar  delayed bactericidal  effect was obtained in 
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experiments employing a 1% peptone medium in which the pH increased 

during growth f rom 7.0 to 7.4. 

Cells of E. coli grown in the presence of 2, 4-D appeared long 

when observed in the counting chamber.  Therefore,  the effect of 2, 4-D 

on cell length of E. coli was investigated. As shown in Table 1, cells 

grown in the absence of 2, 4-D were long during the early log phase of 

growth (low OD) but in the late log phase (high OD) the cells  became 

shorter .  Cells grown in the presence of 2, 4-D were also long during 

the ear ly  log phase (low OD) but these cells did not shorten during growth. 

In the late log and stationary phases of growth cells grown in the presence  

of 2, 4-D were two to three t imes as long as cells  grown in the control 

medium. A similar  response was noted with Aerpbacter  aerogenes and 

Clostridium tetanomorphum although the effect was not as pronounced. 

Table 1 

The Effect of 2, 4-D on the Length of E. coli Cells 

Glucose-peptone medium Glucose-peptone medium 
with 10 mM 2, 4-D 

OD (600 mu) length (u) OD (600 mu) length (u) 

.14 3.1 .08 2.4 

.35 2.6 .14 3.2 

.43 2.0 .25 3.6 

.55 1.4 .46 3.6 

.75 1.2 .46 3.5 
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Dean and Law (2) us ing  a g l u c o s e - s a l t s  med ium in which the 

concen t ra t ion  of m a g n e s i u m  was  the g rowth- l imi t ing  ingredient ,  found 

that  2, 4-D had l i t t le  ef fec t  on the lag, g r o w t h - r a t e  and total  populat ion 

of A e r o b a c t e r  ae ro~enes .  S imi l a r  e x p e r i m e n t s  c a r r i e d  out in our  

l a b o r a t o r y  with E. coli  p rov ided  c o m p a r a b l e  r e su l t s .  

D i scuss ion  

The init ial  obse rva t ion  that  ce l l s  grown in the p r e s e n c e  of 

2, 4-D p o s s e s s e d  no oxidat ive abi l i ty  can be explained on the b a s i s  of 

non-viabi l i ty .  The ce l l s  employed  fo r  m i c r o r e s p i r o m e t r y  s tudies  w e r e  

h a r v e s t e d  f r o m  cu l tu re s  in the s t a t i ona ry  phase  of growth.  As shown 

by c o m p a r i s o n  of total  and viable  cel l  counts  of cu l tu res  grown in the 

p r e s e n c e  of 2, 4-D the s t a t iona ry  phase  of growth is c h a r a c t e r i z e d  by 

a rapid  ce l lu l a r  death. 

As f a r  as  we a r e  aware  the delayed bac t e r i c ida l  effect  of 2, 4-D 

on b a c t e r i a  which we have  o b s e r v e d  has  not been r epo r t ed  p rev ious ly .  

The exact  m e c h a n i s m  of the act ion of 2, 4-D has  not been  a sce r t a ined ;  

however ,  f r o m  the data p r e s e n t e d  in th is  r e p o r t  two poss ib i l i t i e s  exist .  

F r o m  the m e a s u r e m e n t s  made  on cel l  length i t  s e e m s  that  c r o s s  wall  

f o r m a t i o n  and cel l  divis ion m a y  be affected.  In the absence  of cel l  

d ivis ion the ce l l s  syn thes ize  p r o t o p l a s m ,  but eventual ly  die. Secondly, 

because  ce l l u l a r  death does  not occur  until the s t a t iona ry  phase  of 

growth is r e ached  it s e e m s  that  the 2, 4-D m a y  effec t  endogenous 
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act iv i ty  m o r e  s e v e r e l y  than m e t a b o l i s m  involved in ce l lu la r  growth. 

T h e r e f o r e ,  ce l lu l a r  death o c c u r s  in  the s t a t ionary  growth phase .  

Recen t  evidence (5) has  impl ica ted  f u m a r a s e  as  the enzyme m o s t  sen-  

Sitive to 2, 4-D which may  r e s u l t  in c e s s a t i o n  of endogenous ac t iv i ty  

with r e su l t an t  ce l lu l a r  death. 

The delayed le thal  effect  of 2, 4 -D noted in the p r e s e n t  r e s e a r c h  

has  ecological  impl ica t ions  fo r  soil  in that  s e r i ous  e f fec ts  on the m i c r o -  

f l o r a  would not be noted un less  exogenous ca rbon  sou rces  w e r e  absent .  

I t  is poss ib le  that  2, 4-D could have  s e r i ous  e f fec t s  on the soil  m i c r o -  

f l o r a  under  condit ions of ca rbon  depr iva t ion .  The length of t ime  

r equ i r ed  f o r  the m i c r o f l o r a  to r e t u r n  to n o r m a l  is  not known. 
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