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Table 1. Biological actil-ity of fractions A 
and B after paper chromatography. The 
number of plus signs is a rough measure 
of the intensity of the response. 

Final concn. Absorbance 
(mg/ml) a t  265 m+L Biological 

actil-ity 
,4 B 

Table 2. Inactivation of acrasin by neutral 
extract ( N E ) .  The acrasin solution con-
tained 3 mg/ml of crude powder and was 
mixed with neutral extract in the ratio of 
10: 1 (vol/\ol) .  

Biological 
activity 

Mixture --- -- . 

Zero 
timc 4 h1 

-~~ 

Acrasin -tneutral extract t+t" -

Acrasin t boiled 
neutral extract t i  

Acrasin t H20 

H 2 0t neutral extract -

1 summarizes the data from one separa- 
tion. Note that thr relati1.e proportions of 
the two cornponrnts wrre critical for 
dernonstration of biological activity. T h e  
absolutr amounts are also important since 
excessive concentration or dilution of thr  
mixturr yirlded negative rrsults. Too 
great a supply of the agrnts would tend 
to diminish thr relatilrr concentration 
gradients in the system. Previous results 
( 2 )  do indicate that the myxaniebas de- 
prnd on a gradient in order to knoll in 
~vhich direction to move. 

The  A and B fractions havr also been 
detectrcl by spot chromatography, using 
a \vatu-butanol-rthnol (50 : 30 : 17) 
solvent. T h e  Rf \values wr r r  0.48 and 
0.42, respectivrly. 

The  rrason for thr instability of acra-
sin in the cruclr state has been investi-
gated. At the outset of this study, the 
most likely possibility was hrld to be 
thr existrnce of an extracellular enzyme 
that catalyzrs the destruction of acrasin. 
I t  Tvas upon this preconception that we 
chose the rxtraction procedurr with the 
expectation that )I4 3.5 might: be either 
in the isorlrctric range of the enzyme or 
else far remolred from its pH optimum. 
Subsequent rxperinients, whilr admit-
tedly not crucial by rigorous biochemical 
criteria, strongly support this vielv. 

T o  obtain the hypothetical enzyme, 
cells from eight gro~vth plates were rx-
tracted 1vit11'50 nil of ice watrr (here-
after callrd nrutral extract). A solution 
of crudr porvder from the acrasin con-
centratr ( 3  ~ n g / m l )  \vas mixed 10 : 1 
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rrith the neutral cxtract and incubated 
at 25OC. The  mixture and appropriate 
controls were assaycd for biological ac- 
tivity by the Shaffer procedure and were 
run in bar chromatograms ~v i th  80-per- 
cent ethanol. Table 2 shoivs the data. Al- 
though it was initially active, the mixture 
lost all activity after 4 hours of incuba- 
tion. In  contrast, boiled neutral cxtract 
failed to inactivate the crude powder. 
The chromatograms revealed that the 
inactivated acrasin had lost its B fraction 
ivhile the A fraction had incrcascd in 
quantity. 

T h e  neutral extract was subiectcd to 
ammonium sulfate precipitation. T h c  
prrcipitate that was brought down by 
adding brt\veen 50 and 55 percent arri- 
nionium sulfate was washed and redis- 
solved in \vatu .  This preparation could 
inactivate the crudr polvder precisely as 
described in thr  prrvious paragraph, and 
it also caused the disappearance of the 
B fraction. Furthrr, the crude powder 
that had bren inactivatrd by thesr means 
was mixed with additional R fraction 
which had bern eluted from paper chro- 
~natograms. T h e  Shaffer trst rrvealed 
that inactivated polvder plus R fraction 
was activr, while inactivated powder plus 
A fraction Tvas not active. Thus the Duta- 
tive enzyrne destroyed the R fraction of 
acrasin but left the A fraction intact. 

Preliminary rxperimrnts havr bren 
performed on thr partially purifird X 
and B fractions themselves. T h e  nrutral 
extract was shown to have no effect on 
fraction A, but it converted fraction B 
into something that \vas identical ~v i th  
fraction A, both biologically and chro- 
matographically. 

hI.S u s s a r ~ s  
FRAXCES LEE 

N. S. KERR 
Northwestern CTniuersit)l, 
Ecaaston, Illinois 
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Properties of Acrasin 

Although it had been suspected for 
nrarly half a century that aggregating 
amebas of the cellular slime mold Dicty-
osteliurn orientrd to a chemical gradient, 
Ronner (1) Tvas the first to drrnonstrate 
this convincingly; he named the chrmical 
acrasin but was unablr to isolate it in 
vitro. Amebas could be made to orient 
to the gradient set up by an artificial 

source, ~vhich consisted of the cell-free 
liquid obtained from the immediate sur- 
roundings of a natural source, once a 
method had been devised for rene~ving 
it at frequent intervals ivith this liquid, 
if it was freshly collectcd ( 2 ) .  At room 
temperature, this acrasin solution lost its 
activity within a feiv niinutcs, an insta- 
bility that Fvas mainly responsible for the 
chemical's clusivcncss. 

In  an experiment to confirm Runyon's 
finding (3) that the stimulus to aggre- 
gation ~vould pass through ccllopha~le 
dialysis nienibranc, natural sources Fvcrr 
grouped on a raft of this material and 
liquid was periodically added to, and col- 
lected from, thr  undrrside of it; I founcl 
that it oriented thr amebas; moreolrer, 
this cell-frre acrasin solution, unlikr that 
obtained earlirr by filtering through a 
Millipore membrane, \vas stable. I con-
cludrd that acrasin activity was associ-
ated with molecules small enough tc; 
pass rapidly through crllophane and that 
loss of activity was dur  to reaction ~v i th  
larger molecules, possibly those of an en- 
zyme, also present extracellularly. 

During my tenure of a Dill fellowship 
a t  Princeton University in 1951, 1 was 
ablr to drlrelop a procedurr for extract- 
ing acrasin chrmically. Cold mrthanol 
was poured over culturr plates in which 
aggrrgation was general; this was dried 
in a lracuuni at - 1O0C, and the residue 
was extracted with a s~na l l  volume of 
mrthanol, ~ ~ l i i c h  then filtrred and was 
again drird. An aqueous solution of the 
product had a lrery high acrasin actilvity, 
which \+as retainrd after boiling for more 
than 1 hour and after exposure to 0 . l S  
hydrochloric acid or 0.01N sodium hy- 
droxide. T h e  solubility of dry acrasin 
decreased rapidly in passing up the al- 
cohol serirs. 

A crll-frre aqueous rxtract of an a?- 
grrgating culturr had the polver to in- 
activatr acrasin but lost it after boiling: 
the fraction that could be precipitated 
\vith ammonium sulfate xvas shown to be 
responsible. Thrse findings rnadr it prob- 
able that the original instability was due 
to an rxtracrllular enzyrne ( 4 ) .  

T h e  action of acrasin was not confined 
to the orirnting of sensitivr arnrbas: it 
also causrd th rA to secrete acrasin. T h e  
functional significance of this is clear: i t  
is the basis of a chain reaction that per- 
mits cheniotactic attraction to onrratc 
over distances much grratrr  than thosr 
ovrr ~vhich diffusion procrsses are nor- 
mally effective in biological systems. 

Sussrnan and Xoel ( 5 )  thought it likely 
that thr capacity to initiate a center of 
aggregation Tvas not idrntical \vith the 
ability to produce acrasin during aggrr- 
gation; it now appears that thr  essrntial 
thing for initiation is for some cell or 
cell group to be able to start the produc- 
tion of acrasin and so to excite the sys- 
tem of acrasin relays. T h e  rhythmic 
rnovenients during aggregation drscribed 
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and photographed by Arndt ( 6 )  may well 
be due to periodic reexcitation of this 
system, after its recovery, either by the 
same cells as initially or by others with 
similar properties (7, 8 ) .  

B. M. SHAFFER" 
T r i n i t y  College, Cambr idge ,  England,  
and D e p a r t m e n t  of B io log)~ ,  Princeton 
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Inasmuch as the editors were informed 
of B. M.  Shaffer's unpublished work on 
acrnsin, they  asked h i m  to  prepare the  
foregoing paper to  be published simul-
taneousl l~ with that  by M .  Sussman, F .  Lee,  
and N .  S.Kerr. 

Resistance to Organic Phosphorus 
Insecticides of the Housefly 

Organic phosphorus insecticides have 
been used for fly control on Danish 
farms since 1951-52, when the houseflies 
( M u s c a  domes t ica  L.) had developed 
resistance to the chlorinated hydrocar-
bons on practically all farms (I ,  2 ) .  

Parathion (0,O-diethyl 0-p-nitrophenyl 
thionophosphate) was used from 1951, 
illegally, on a great many farms as a 
residual spray or in baits. I n  1952 para- 
thion-impregnated gauze strips were 
officially approved for fly control in ani- 
mal houses, and in the following years 
this method was used on a large scale 
( 2 ) .'Thus. it was estimated that flv con- 
trol with parathion-strips was carrikd out 
on 10 to 15 percent of the farms in 1952, 
on about 50 percent in 1953, and on 75 
percent or more in 1954 and 1955. 

Diazinon (0,O-diethyl 0-2-isopropyl-4- 
methylpyrin~idyl-6 thionophosphate) has 
been employed as a residual spray for fly 
control on farms since 1953 but only on a 
limited scale compared with the para-
thion-strips. 

The third organic thionophosphate 
used was Bayer 21/199 (3-chloro-4-
methyl-umbelliferone-0,O-diethyl thio-
phosphate j . In  extensive laboratory tests 
with DDT-resistant flies, it had shown 
good residual effect on building materials, 

and a felt field trials in 1954 had been on the mesonotum of female flies, the 
\ery promising. From May 1955 it was mortality being obserl ed after 24 hours. 
used as a residual spray in certain areas. LD,, was determined graphically on log- 

Even by July 1955, however, we got probability paper. Some results are given 
reports of failing effect on many farms, in Table 1. 
and tests showed that the flies were highly 'I'he strains Nos. 98, 127, and 129, 
resistant to deposits of Bayer 21/199. The which were from the Skelsk$r district, 
investigated cases that most clearly indi- showed an LD,, that was 8 to -1.5 times 
cated this were from the area around that of the laboratory strains. By testing 
Skelskgr in the island of Zealand. Here flies collected in other districts, similar 
a pest-control conlpany had used phos- and higher resistance to Bayer 21/199 
phorus insecticides for fly control in cow- was found in strains (examples, Nos. 74, 
sheds and pigsties on about 1000 farms 149, and 150) that had never been ex-
as follows. posed to this compound but had been 

"1953: parathion-strips with good re- exposed to parathion and Diazinon. A 
sults. still higher resistance (LD,, up to 500 

"1954: 2-3 residual sprayings with tiines normal) was found in flies from a 
Diazinon wettable powder with ~ a r y i n g  farm (No. 79) where the stables had 
results. been sprayed with parathion in 1953 and 

"1955: At the end of May one treat- 1954, and where Bayer 21/199 had not 
ment with Bayer 21/199 wettable pow- been used until 2 weeks before collection 
der 'Resitox) (0.2-0.4 g active material of the flies. 
per m 2 ) .  This gave generally a good con- After the demonstration of resistance 
trol for about two months. However, a to Bayer 21/199, investigations of re-
second treatment at the end of July sistance to Diazinon and parathion were 
failed to control the flies. and later treat- carried out. Even by 1954 we had had 
ments with higher concentrations were some reports of a failing residual effect 
reported to be without residual effect." of Diazinon used in a dosage of about 

Biological tests of surfaces in pigsties 0.2 g/m2. However, this failure had been 
on two farms, Nos. 128 and 129, that were ascribed to other causes than resistance. 
sprayed 12 days previously with Bayer From July 1955 we received many new 
21/199 showed the expected effect on a reports of unsatisfactory rffects of Dia-
DDT-resistant laboratory strain 17b. zinon from farms ~vhere the insecticide 
Confined on the surface in shallow cello- had been used in 195-1 and 1955. Flies 
phane cages, these flies were paralyzed from several of these places \\-ere tested 
tvithin 3 to 4 hours on woodwork and for resistance in the laboratory (exam-
within 6 hours on the walls. However, ples, strains Nos. 149, 150, and 151 in 
~vhen local flies, caught in the pigsty, Table 1 ) .  
were exposed to the sprayed surfaces in By topical application, these strains 
the same way, more than half of them showed a tolerance 3 to 15 times that of 
sur\i\ed 20 hours' exposure (52 percent laboratory strains. Although this does not 
on farm No. 128 and 61 percent on farm seem to be a serious degree of resistance, 
No. 129). it was significant fro111 a practical point 

Similar results were obtained when of view, as was shou.n by tests in which 
flies from four other farms were exposed flies were exposed continuously on wood 
in the laboratory to wood sprayed with a or blotting paper sprayed with the nor- 
wettable powder to give 0.2 g Bayer mal field dosage of a wettable powder 
21/199 per square meter. The resist- (0.25 g Diazinon per square meter). 
ance was further determined by topical Under these conditions, all flies of the 
application of 1-mm3 acetone solutions DDT-resistant laboratory strain 1713 

Table 1. Resistance to phosphorns compounds in housefiies on Danish farms. (Locations: J .  S o t t h  Jutland; 
Z, South Zealand; F, Funen. Compounds: P, parathion; D, Diazinon wettable powder; B, Bayer 21/199 
wettable powder.) 

LD, by topical application, 
Exposure to phosphorus 0ct.-Dec. 1955Strain 	 insecticides in field 

(district Collected - ( w g  per female fly) 

and S o . )  
1952 1953 1954 1955 Diazinon P$z9 

Laboratory  
9: 17 1949-50 Kone None None Kone 0.02-0.06 0.03-0.04 0.015-0.0'23 

Field 
J i 4  July 1955 ? p* p* 1)" 1.7 0.11 0.06 
J 79 8 July 1955 2 p* p* pi. 5-1 1 0.13 0.09 

. 	. 
B: 

Z 98 3 Aug. 1955 Kone None D B$ 0.9 0.03 
Z 127 15 S e ~ t .1955 Kone Pi. D B+ 0.9 0.17 0.05 
Z 129 15 ~e;t .  1955 Kone Pf D B: 0.5 0.09 0.05 
Z 149 11 Oct. 1955 P; Pf D D$ 0.6 0.3 0.06 
Z 150 11 Oct. 1955 None P+ D D i  1.3 0.5 
F 151 23 Nov. 1955 None Kone D D$ 0.06 0.13 0.04 

* Sprayed as an emulsion. t Impregnated on gauze strips. :Report of failing effect. 
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