
The experimental data are summarized in the Table I. It may bc noted that nitrogen mustard 

and urethane produce a signiiicant incrense in 5-HIAA urinary cxcrction on the second day after 

njection. Chtoral hydrate showed no effect. Therefore it seems that only nuclcotoxic agents increase 

the cxcrction of 5-HIAA. In thi\ respect there is no dilTcrencc bctwecn ~hc so-called radiomimctics 

and spindle poisoa. Another spindle poison colchicin was shown by Marks and Sorgcn” to product 

degranulation of cnterochromaffin ccll~ :I rcatlt which is coni;istcnt with the present observations. 

It seems that these cells are also sensitive tn both ionizing radiation and nucleotoxic agents. The 

time of maximal urinary cxcrelion of 5-1ilAA 14. hoivcvor. dif?‘crent in each cast occurring on the 

lirsl day after treatment for ionizing r:ttli;ilion. btt1 (iti tlic second day for nuclcnlouic agents. 

Some propcrtics of isozymrs of brain acctglchalincsterasc * 

IT tt,\zs been rcportcd that Ihc ~tcc14’lcholincstcr~t~c of human br:~in consists of three i\ozymes when 

it is separalccl under the conditions dc\cribed. ’ Sincc a vast litcr;t(urc exists on the biochemical 

properties and physiological function of thi\ cnryme, iI \vas thought lhnt ;I comparison of some 

of the properties of the acetylcholincstcr~~sc iwrq mm might provittc \omc insight into the nature of 

their diffcrcnccs. At the prc\cnl titnc the n;ttLtro and \ignific:uicc of mulliplc forms of ;I given cnzyms 

arc virtually unknown, and such ;I study co~ild pro\.icle \onic data on this problcni. 

Starch -gel clectrophorciis was performed ;tccortiing to Smith&’ After the ~t;irch~geI separation 

had been complcled. one channel w’:~\ LXI~ from the gel :lntl the cnrymc locnlired by methods alrc:tdy 

described.:’ This WIS matched :tgainh1 1110 rcm;tininp gel. and the ;trc’:ts of enzymatic nclivity wet-c 

disscctcd from the starch block. 

Beca~~sc of the proximity of the two f;tsIc\I moving isozytncs ~0 each other. their isolation as in- 

dividual componcnls was not fcaGblc. and thcq wcrc treated ;I\ OIK hand (band 2). Atkmpts at 

extracting the cn7.ymc from the ct;ircb gel by v;irioLts techniqLtca yicldetl rcco\crie9 of IO lo 20 per 

cent of tlw ctirymatic ilCti\.ity. Conscqucnlty, tllc \t;trch-gel was homogenized with 311 equ:tl \otumc 

of distincd \;tlcr to which 2”,,, gum ;tc;tci:I w,t\ ;~ddccl to stabilrzc the cnzymc:. ‘This was dialyrcd 

overnight against O.!,“,, stlinc. No lo\< in cnrymatic activity w;ts nolcd during Ihi\ procedure. Aliquots 

of the 4lttrry wet-c used :I\ the cn7ymc \ottrc’c, ;tncI aict),lcholinc~tcr~t~c activity vai; detcrmincd by :I 

micro-litrimctric tnc~hod’ tthing acctyl~holinc iodide ;I? ;I wbslr’alc in Lhc prcscncc‘ of 0.01 M MgC‘I,. 

No :tctivily WI\ disccrnihlc with butyrylcholinc iodide as ;I ?rttb<;(r;t(c. All KIILICF were correclcd for 

spontaneous hydrolysis. The Jetcrmin~tlions of the xubbtt-ate optimum. Km v;~luc~, as well as the 

inhibitor data wcrc obtained :tt pH 7.5. and 37 ‘. ‘fhc Km V;IILICI wcrc obtain4 hy Ircatmcnt of the 

data according to Lincucaver and Nurk”. using the WILICS otl the lmt cmccntr~ttio~~ side of the cut-w. 

The isozymc proximal III the origin is dcsignatcd ;I\ hnd I . and tltc di\taI i\ozymcs ;t< hand 2. Hunian 

caudntc nttclcus and putumcn wcrc again used :I< :iti cn7ymc st)Ltrcc. All v;tlttl”; rcportcd arc lhc 

;tvcr;lgcs of t hrcc to six dctcrminat ions. 

* Thisktiork was:tidcd by Grant\277 from the Na(ion;tl Multiple Sclct-o~i\S[,cic~l!:;tntl NR O419-01 

from ~llc N;ttional Inslilutc of N<ut’ologic:tl Divz:t\cs and Blindness. 
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FIG. I. Relative activity of acetylcholinesterase isozymes as a function of pH. 

When activity is determined from pH 7.0 to 9.0 for the extract of the brain prior to the separation, 
and compared with that of bands I and 2, it can be seen (Fig. I) that the three samples yield almost 
identical pH curves with the maximum activity at pH 8.0 to 8.5. This is in agreement with the results 
obtained on the purified enzyme from other sources.“, ‘I 

The activity was then determined at various substrate concentrations for the two bands with the 
results shown in Fig. 2. It can be seen that both isozymes exhibit the typical bell-shaped curve for 
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FIG. 2. pS-Activity curves for acetylcholinesterase isozymes. 
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acetylcholinesterase, with the activity being inhibited at higher concentrations.8 No difference in 
substrate optimum was shown by the two bands; in both cases it was 3 x 10m3 M. 

The effect of three inhibitors on the isozymes was then determined. The compounds tested were 
the classical inhibitor physostigmine, a competitive inhibitor* Mytetase*, (N’,N’-~j~(2-diethy~amino 
ethyl)oxamide his-2 chlorobenzyl chloride) and the tightly bound inhibitor DFEP (diisopropyi fluoro- 
phosphate). The PI,, values obtained for the three compounds show no significant difference for 
the two bands (Table 1). 

* Kindly donated by Winthrop-Stearns, Inc., New York, N.Y. 

TABLC I. A~ETYLC~O~INESTERASE IN HUMAN BRAIN 

Extract* Band 1 Band 2 

Km -2.2 \~ lo-’ M 1.5 x lo-‘M 1.3 r IO-‘M 
PI,, (eserine) 7.4 7.2 
p15,, (Mytelase) 8.0 7.8 
PI,, (DFP) 5.9 5.8 

* Prior to electrophoresis. 

Km values obtained for the two bands on the low substrate concentrations of the curve again 
are not significantly different. However, the values are lower than that obtained from the original 
extract prior to etectrophoresis. It is to be noted that an enzyme is found in caudate-putamen which 
hydrolyzes acetylthiocholine but which is not an acetylcholinesterase,’ and probably is responsible 
for the higher value obtained in the crude extract as compared with the relatively purified bands. 
Another possibility is that the starch present in the assay medium may have some infiuence on the 
velocity ofthe reactions. The Km values reported here are smaller than those of acetylcholinesterases 
obtained from various sources,iO and may reflect the absence of some esterase with higher Km values 
present in a crude homogenate which is removed by the electrophoretic technique. The low Km 
value obtained here also indicates the high affinity of the substrate for the enzyme. 

In summary, the two acetylchohnesterase isozymes described here do not differ in pH optimum, 
substrate optimum, Km values, and PI,, values for eserine, Mytelase, and DFP, and this would 
indicate no differences in a mechanism of action for both isozymes where such mechanism was 
dependent on the kinetic and inhibitor parameters studied. This does not preclude differences in 
enzyme structure since it has been shown for serum cholinesterase that release of sialic acid from the 
enzyme by the action of neuraminidase does not alter Km or some pl,, values,” while it does alter 
its eIectrophoretic mobility. 

Neuropsychiatric Research Laboratory, 
V. A. Hospital, Hines, IN., and 
Department of Neurology and Psychiatry, 
Northwestern University Mediral School, 
Chicago, Ill., U.S.A. 

JOSEPH BERNS~HN 
KEVIN D. BARRON 
MARJORIE T. HEDRICK 

REFERENCES 
I. J. BERNSOHN, K. D. BARRON and A. R. HESS, Nature, Land. 195, 285 (1962). 
2. 0. SMITHIES, Advances in Protein Chemistry p, 65. Academic Press, New York (1959). 
3. J. BERNSOHN, K. D. BARKON and A. R. HESS, Proc. Sot. exp. Biol., N. Y. 108, 71 (1961). 
4. D. CLICK, Methods of Biochemical Analysis, vol. 5, p. 34. Academic Press, New York (1957). 
5. H. LINEWEAVER and D. BURK, J. Amer. chenr. Sot. 56, 658 (1934). 
6. I. B. WILSON and F. BERGMAWN, .I. biol. Chem. 186, 683 (1950). 
7. G. A. ALLES and R. C. HAWES, J. Lab. c&n. Med. 26, 845 (1941). 
8. G. A. ALLES and R. C. HAWES, J. biol. Chem. 133, 375 0940). 
9. B. HOLMSTEDT, Pharmacol. Rev. 11, 567 (1959). 

10. F. BERCMANN and R. SEGAL, Biochim. biophys. AC/a 16, 513 (19.55). 
11. K. B. AUGUSTINSSON, Biochim biophys. Acta 56, 392 (1962). 


