
T h e  preinfection serum pool failed to 
pre\,ent cytopathic changes, xvhile a 1/10 
dilution of the con\,alescent serum pool 
pre\,ented such change? (50 percent 
serum titer log = 1.4) .  

T h e  virus causes neither signs of ill-
ness nor pathological tissue changes in 
normal suckling or xveaned Srviss xvhite 
mice when it is inoculated by the intra- 
peritoneal or intranasal routes. EIowevel, 
the virus causes illness and extensive 
myocardial necrosis in weaned mice 
).\-hen it is inoculated intraperitoneally 
after 2 to 3 daily intramuscular doses 
(2.5 mg)  of cortisone acetate ( 7 ) .  

T h e  etiological significance of this par- 
ticular virus in the disease manifesta-
tions in cattle described has not been 
established. T h e  disease-producing ca-
~ a c i t i e s  of the virus in \,arious animal 
species \.\-ill be evaluated experimcntally. 
T h e  possible serologic relationships be- 
tjveen this viral agent ancl other cyto- 
pathogenic viral agents isolated from the 
alilnentarv tract will also be investi-
gated-for example, infectious bovinc 
rhinotracheitis virus ( 8 ) ,  poliomyelitis 
virus ( 6 ) ,  Coxsackie virus ( 9 ) ,  E C H O  
viruses ( l a ) ,  ECBO liruses ( I I ) ,  and 
adeno\,iruses (12 )  ( 1 3 ) .  
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Decomposition of Actinomycin 
by a Soil Organism 

Se\,eral studies indicate the impor-
tance of microorganisms in the inactiva- 
tion of antibiotics, although few com-
1,rehensive studies have been attempted. 
The  most extensi1.e reports have dealt 

Table 1. Influence of age of Achromobacter sp. on the decumposition of actinomycin D. 
Achromobacter sp. was cultivated in actinonlycin medium; at  various intervals, sarllples 
of the culture medium were harvested for cell counts, microbiological assays, and resting- 
cell studies. For the latter purpose, washed celis of the organism were suspended in 0.06A.I 
phosphate buffer, pH 7.5; the actinomycin-D concentration was 1000 pg/ml, tempera- 
ture 28°C. 

Age of 
culture Cell count 

( h r )  (No./ml) 

with the capability of many bacterial spe- 
cies to inactivate penicillin by the hydro- 
lytic action of an  enzyme, ~enicil l inase 
( 1 ) .  I n  addition, Pramer and Starkey 
( 2 )  have reported the isolation froni 
soil of a Gram-negative bacterium capa- 
ble of decomposing streptomycin. Smith 
et  al. (3) have observed that growing 
ancl resting cells of Escherichia coli, Ba-  
cillus m)lcoides, Bacillus subtilis, ancl 
Proteus rrulgaris can degrade chloram-
phenicol by hydrolysis, reduction, oxicla- 
tion, ancl cleavage of the molecule. 
\Vaksman ancl Woodruff ( 4 ) ,as a result 
of an  investigation of the stability of ac- 
tinolnycin in fresh soil, suggested that 
inactivation of actinolnycin under these 
conditions may be the result, in part, of 
the activities of soil microor~anisms. T h e" 
present report describes the isolation of 
an  actinomjcin-decomposing organism 
from soil and Drescnt? ob5ervations con- 
cerning the nature of, and the optimum 
conditions for, this reaction ( 5 ) .An en. 
zyme system, tentatively designated ac-
t inomycinase,  appears to he involved in 
the degradation process. 

T h e  mecliuln emplojecl, consisting of 
mineral salts, 0.1 percent yeast extract, 
ancl actinomycin D, was a modification 
of one used by Pranier ancl Starkey ( 2 ) .  
h/licrobiological assays of actinomycin in 
culture fluids xvere performed by disk clif- 
fusion 16)  ancl streak dilution methods 

\ , 

( 7 ) .  Isolation of an  actinomycin-decom- 
posing organism was accomplished by 
enrichment of a barnyard soil and sub- 
sequent culti\,ation of samples of this soil 
in media containing actinomycin D. O n  
the basis of morphological, staining, cul- 
tural, and biochemical characteristics, it 
was established that the responsible bac- 
terium belonged to the genus Achronzo-
bacter. 

Grorving cells of the Achromobac ter  
sp. readily decomposed approximately 
560 pg of actinomycin D per milliliter 
of medium in shaken (24 hours) and 

Percentage of 
Percentage of actinomycin 
actinomycin ( 1000 jlg/ml) 
(500 pg/ml) remaining 

remaining after 6 hr 
in culture incubation 
medium with resting 

cells 

static (64 hours) culturcs under aerobic 
conditions. T h e  organism degraded ac-
tinolnycin D (500 ,ug/~nl)  through a j H  
range of 6.0 to 8.0. pH 7.5 being opti- 
lnuln (48 hours) ,  and at  temperatures 
between 20' and 37OC, 28OC being rlle 
most favorable temperature. The  cxtc,nt 
of decomposition T\-as found to \.al-y 
within the range of 85 to 4010 kg of 
actinolnycin per lnllllllter of mecliriin. 
U p  to 1000 pg/ml T\  as clestrojed in 48 
hours; decomposition of 4010 .ug/ml I ? -

quircd 84 hours. 
A direct relationship ~ \ a ?  found to 

?xist between inocululn ?ize and thr  
decomposition proccss. For ~ x a m p l r .  if 
7.4 x 10 ' "  cells T\ ere em~,loyecl, dcc 0111- 

60 120 180 240 
T I M E .  MIN 

Fig. 1. The amount of Actinomysin D de- 
cornposed with time by a suspension of 
Achlomobactel sp. cells. Cells were cen-
trifuged out of actinomycin medium. 
washed twice with distilled water. and 
finally suspended In 0.06M phosphate 
buffer. One milliliter of this bacterial sus- 
pension was rriixed with 1 ml of an acti- 
nornycin-D solution and 8 ml of 0.06M 
phosphate buffer, pH 7.5. Temperature 
of incubation was 28°C. Final concentra- 
tion of actinomycin D was 1000 yg/ml. 

SCIESCE. VOL. 126 



position of 415 pg of actinoniycin per 
milliliter occurred lvithi11 48 hours; if 
7.4 x 10" jvithin 72 hours; if 7.4 x lo2, 
xvithin 120 hours. I n  addition to actino- 
myci11 D, actinoniyci~lsB and C were 
also decomposed. 

A study of the influence of various 
srowth media on deconipositio~l revealed 
that. as the s ro~v th  nlecliuln became" 
more complex in nature, the time re-
quired for acti~lomyci~ldecolnpositio~l 
increased. T h e  most rapid decompositio~l 
took place when acti~lomycin D was 
present as the sole orga~lic compou~ld. 
T h e  decomposition of actinomvcin in re- 
lation to t i e  grolvth phase of ;he organ- 
ism also lvas examined. Decomposition 
clid not begin until quite late in the log 
or early in the statio~lary phase of 
grolvth, and complete decolnposition clid 
not take place until the cell population 
began to clecli~le (Table I ) . Further, it 
Ivas observed that cells harvested during 
the lag or early log phase required 66 
to 72 hours to degrade the drug in sub- 
culture, that cclls obtained during the 
log phase required 48 to 54 hours, and 
that cells harvested late in the log or  
early in the stationary phase required 36 
to 42 hours. 

Resting cells of the organism, sus-
pended in 0.06M phosphate buffer, rap- 
idly ( 1  to 4 hours) clecomposed actino- 
niyci~lD over a )vide concentration range 
( 100 to 1400 yg/nil) (Fig. 1 ) . T h e  op- 
timum fiH for decolnposition of actino- 
lnycin D was p H  7.5; the optimum tern- 
prrature, 45OC. Destruction of actino-
mycin occurred with equal rapidity (2.5 
hours) when cells were incubated un-
der either static or shaken conditio~ls. 
PVhereas actinomycins B and D were 
colnpletely clecomposed u~lcler these con- 
ditions, only 60 percent of actinolnycin C: 
was destroyed ~i~ithi11 6 hours. As in the 
case of growing cells, the age of the cul- 
ture a t  time of harvest of the bacteria 
significantly affected decolnpositio~l by 
resting cells. Only cells harvested sub-
sequent to the log phase of g r o ~ r t l ~  
were able to decompose acti~lomycin 
(Table 1 ) .  

T h e  data obtained thus far suggest 
that the destruction of actinoniycin is 
enzymatic in nature. Nonspecific adsorp- 
tion of the antibiotic by cells of the 
Achromobacter sp. docs not appear to be 
irlvolvecl, since only trace quantities of 
the drug can be detected after extraction 
of resting cells which have attacked ac-
tinomycin. Young cells of the organism, 
boiled cell preparations, gro~ving cultures 
of E. coli, Pr. vulgaris, actinomycin-re- 
sistant Micrococcus pyogenes var. nu-
reus, and Penicillium notatun~ all proved 
to be unable to adsorb or  to attack the 
antibiotic. An acetone po~vcler prepared 
from cells of the Achromobacter sp. 
readily clecoinposecl actirlornjci11. Only 
the cells exhibit enzjmatic activity; cul- 
ture filtrates were found to be inactive. 
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Preliminary investigations have been 
carried out on the nature of the degrada- 
tion products formed by the Achromo- 
barter sp, froni actinoniycill D. Extrac-
tion of the decolnposition products froni 
culture fluids lvas accolnplished through 
solverlt extraction (acid-butanol). T h e  
residue obtained after distillation of the 
butanol i11 a vacuum was purified further 
through cellulose colulnn chromatogra- 
phy; borate buffer ( p I l  8.2)-n-butanol 
ancl n-butjl ether-was employed as sol- 
vent system. The  decomposition products 
separate on the colulnn as tjvo orange- 
red-colored bands, the slo~ver-moving 
component representing 95 percent of 
the material. T h e  colored bands tvere 
eluted separately from the column. After 
distillation. the residues \.\-ere dissolved 
in warm ethyl acetate and precipitated 
~v i th  carbon disulfide. 

Yields of the fast-moving colnpo~lent 
were low, but additional jvork \vas car- 
ried out with the slox.\--movi~lg compo- 
nent. This component exhibited certain 
properties jvhich differentiate it from 
the parent compound; for example, its 
behavior i11 circular paper chromatogra- 
phy, its visible and ultraviolet light ab- 
sorption spectra, and its solubility in 
water and orga~lic solve~lts differ from" 
corresponding properties of actinolnycin 
D. I n  contrast, qualitative amino acid 
analysis rrvealed the presence of the 
same amino acids in both the clegracla- 
tion product and actinomycin. 

011the basis of these data, the degra- 
dation product does not appear to be 
similar to desalninoactinonlycin or to ac- 
ti~lolnycin acid-compounds obtainrd by 
Brocklnann and Franck (8 )  through 
chemical degradation of the actinolnycin 
molecule. Further studies are in progress 
to purify and characterize the enzyme 
system responsible for actinoniycin de- 
colnposition and to determine more com- 
pletely the nature of the degradation 
products. 

EDWARDKATZ 
PHI-1.1.1sPIISNTA 

Institute of Microbiology, 
Kutgers University, 
New Brunswick, iVerc1 Jersey 

References and Notes 

1. 	 E. P. Abraham, T h e  Enzymes (Arademic Press, 
New York, 1951), rol. 1, pt. 2. 

2. 	 D. Pramer and R .  L. Starkey. Science 113. 127 
, . n c . ,
\ ' J . " , .  

3. 	 G. N. Smith et  al., ibid. 110, 297 (1949) ; Dac-
teriol. Rev.  17, 17 (1953). 

4. 	 S. A. Waks~nan and H. B. Woodruff. Soil Sci. 
53. 233 (1942). 

5. 	 We sincerely thank Sel~nanA. Waks~nan for 
su~qestinq the uroblem and for his kind inter- 
e s t i n  this stucly. This work was supported by 
a p a n t  f r o ~ n  the U.S. Puhlic Health Service 
(C-2716) and the Rutgers Researrh and Edu- 
cational Foundation. 

6. 	 W. Goss and E.  Katz, A$$[. ,Wicrobiol., in 
press. 

7. 	 S. 4 .  Waksman and H. C. Reilly, Ind.  Enp. 
Chem.  Anal. Ed. 17, 556 (1945). 

8. 	 H .  Brorkmann and B. Franrk, Natzcrziissen-
sclcafterz 41, 451 (1354);  .4rzgcu:. Chem. 67, 68 
(1956). 

Depths of Leaching in 
Glacial Deposits 

T h e  depth of lcachi~lg of carbonates 
in soils has been \.\-iclely used for eqri-
Ination or comparison of age of Pleiy-
tocene deposits in areas of temperate, 
huinicl climate. Leaching is influenced 
by many factors, such as time, climate, 
vegetation, surface topography, perme-
ability ancl carbonatc content of the ma- 
terial, and so forth. These factors have 
been discussed by serreral authors (1 ) .  
C. S. Denny emphasized recently ( 2 :  
that differences in depth of leaching 
may relate chiefly to the total aniount 
of carbonates i11 the pctrent material of 
soil. Hojvever, Ile clid not elaborate on 
this relationship in more detail. 

T h e  shallow depth of leaching in \,cry 

calcareous or dolomitic materials niay 
be cxplai~led by trvo principal factors: 
( i )  A higher aniount of carbonates re- 
quires a longer time of leaching, par- 
ticularly if the carbollate fragments are 
coarse and if dolomite exceeds calcite in 
aniount. ( i i )  T h e  more carbo~lates that 
are present in the parent material, the 
thi111ler the resulting leached soil or pro- 
file of )\-eathering mill bc, for the leached 
soil consists merely of the insoluble re5i- 
dues. A contrasti~lg example niay clarify 
this statement. If 10 ft of gravel, con-
taining 10 percent carbonates, is leached, 
10 percent of the volume will be lost by 
leaching, and the unleached residues rvill 
compact to 9 ft. If 10 ft of gravel ~v i th  
90 percent carbonates is leached, the re- 
sulting thick~less of the unleached resi-
dues will be merely 1 ft. Even if all other 
factors had been similar during the cle- 
velopmr,nt of these two profiles of ~ 7 ~ 1 t h -  
crirlg, the great difference in the result- 
ing measurable thickness ( 9  ft and 1 f t )  
does not mean that the 9-ft \.\-eathering 
profile is older than the one I-ft deep. 
T h e  opposite may be closer to a correct 
answer, since a longer time may be re- 
quired for leaching of a 9 times larger 
volume of carbonates. 

If the carbonate content varies only 
from 10 to 20 percent betxvee11 individ- 
ual places of measurrment, the resulting 
differences in the depth of leaching niay 
be in the usual range of variations ~vhich 
are observed even in one single exposure. 
Thus hfacClirltock ( 3 )  clid not find any 
differe~lces in drpth  of leaching i11 thr 
region south of Utica, N.Y., ~vllere the 
percentage of carboncttes ranged from 30 
to 50 among pebbles. 

Most authors do not report the amount 
of carbonates i11 the parent material a t  
all. Therefore it is difficult to judge h o ~ v  
much their measurements have been in- 
fluenced by the compaction of the non- 
carbonatr residues. Since the prrcrnt ler  
of carbo~lates varies from zero to 95 in 
the glacial drifts of Ontario and pro!,- 
ably to a considerable extent also in 
other areas, it is very difficult to co111-
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