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MUTATION ACTIVITY OF CERTAIN
CHOLINESTERASE INHTBITORS

-~ USS8R -

/Following is a translation of the article
~ Entitled "Mutatsionnays aktivnost' nekotor-
ykh ingibitrov kholinesterazy" (English
version above) by I. A. Rapoport and R. G.
Kostysnovskiy dvn Doklady Aksdemii Nauk
SSB8R (Reports of Academy of Scliences USSR),
Vol 131, No 1, Moscow, March/April 1960,
pages 191-194.7 ‘ |

B (Presented by Academicisn N. K. Semenov on
28 Septenmber 1958$7 ‘

Tt has been established by now that a large number
of chemically active organic compounds have mutation-caus-
~ing properties. The more effective mutation~causing com=
_pounds were found smong the slkylating sgents (1) (yperites

(2), ethylenimine, ethylene oxide (3) et al.) and the
scylating agents agents (ketones (4), lectones (5) et al.)
-~ a feet which testifies to the nucleophilic character
of the chromosome substratum which is the seat of the
‘mutationsl process. The majority of the above-nentioned
. putation-causing agents (chloroethylamines, chlorcethyl
- sulfides, ethylenimines, epoxides) display a sharply de-~ .
fined antichelinesterase action both in vitro (&) and in
wivo (7).~ In this comnection it is interesting to study
the mutation-causing sctivity of the cholinesterase in-
nibitors belonging to the group of phosphorylating com-
pounds: j o S : .
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where X and Y could be =R, ~0k, or MN(R)?, while Z is =
. halide or a p%eudoha?c:d group

. :< -—cw, ~ONS, -0-< /) =Ny '"b“< }"”Noz* ‘”‘O”‘P<°)/ )

; The first members of compounds -of this type (the :
f dlalkylfluorophosphat@ )} were synth381zed by "Lange and !
 Kruger (8) in 1932, &nd were found to be extremely ective
" physiologically. The rumerous studies on this series which
- followed led to the synthesis of & group of parasympatho- ’
' mimeti¢c medicinal preparatlonu, es well as to the discovery
- 8f some effective insecticides which found extensive appli~
jcatlon in agriculture.
: Our investigations were. concerne& with the genetic
. effects. of & series of phosphoro~organic cholinestéersse in-
hibitors which were found to induce some incresse in muta-
“tional incidence. The present brief report gives the re-
. eults of exveriments employing the fluoric enhydride of . -
“methylphosphinic isopropyl ether (MFF w- ftmrangidrld iz0=
propilovoge efira metilfosfinovey kisloty) «- a compound ;
;founﬁ to bring about frequent genetic alterations. ‘
g The studies were carried out on larvae (24-48 houra
;old) and imsgoes of the fruit fly Drosophnla melanogaster.
" Chemically pure IMFF (boiling p01nt 55 at 15 mllllmeters
' pressure, d20 «5_ 1. 10) (9).

: The mgterials being processed were placod in deslc~ .
‘eaters when the vapor concentration for the substance under
: study in the apparatus reached the equilibrium point. The
larvae and imapgoes were contained in test tubes with an
- even coating of sgar-agar nutrient. Test tubes with ima-
 goes were covered with a double layer of gauze; those with
- larvae were fitted with cotton plugs which were removed :
“during exposure, Two series of experiments were performed-
~in Series I, the IMFF concentrstion was 12 milligr ama/liter,
~in Series I, the concentration used was 8.5 milligrams/
- liter. Proce%ulng time ranged from % to 25 minutes. In
. Beries I the specimens were exposed to a single treatment; .
" a five-minute treatment for the images, moreover, c¢onsti-
 tutes approximately an LD80O reaction, while according to |
: the nuaber of insects that hatech, it is an LD70 reaction.
'In Series II, a %% minute IMFF treatment was followed by -
- a second toward the end of the pupation process for the -
{young groups. In tris ¢ase the emergence of imagoes rrom
. the pupae was totally unaffected in terms of numbers, L
“while the toxicity for the imsgoes amounted to LD50-LD8O.
: The indicated dlsparltv between the physiological reac~
. tions for specimens in all three metamorphic steges is |

~ explained, first of ‘all, by the specific character of |
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?‘pupai m@tahmlxﬂu, It may be mentione Lhdh an analm*ous

relationship was found o hold in ewpwramentu uuln? other

~mutation-cavsing agents.

The genetic action of IVWFF wss snalyzed accoraing

%o the incidence rate of sex-linked mutations. 4 y3¥ 11ne'

which hsd. bﬁen uged in a nuaber of prQVLouq experiments

- was uqeﬁ fmr this purpose. ﬁf;ew TacPiVIEﬁ treatmnnt,
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yaj msles were crossed with Bel/white females. Lethal
mutations, as well as sutationg sufficlently clear to be

ohserved without the asid of & microscope were in fubture

Chybridization identified by the sbsence of msles in the

offspring of Bel females snd y3P males in the second Xe
chromosone of the dinlold set, or by a similar spparent
morphological change in all males bearing & smx‘chromo«
some originating from an X-chromosome which had been in
contact with the chemical being stuvdied. The exrnwlmenb
al results are given in TAKLE 1.

Four appsrent a1to$mm1¢ mutations which had arisen
in the expprlmenﬁw muat aleo be mention ed. Three of these
were observed in the offspring of a single male; it is-
highly probable that they represent the r@dupllcatlon of
a gingle change which arose st an early stege of embryon-
ic cellulsr development. Thirty-four cases displeyed the
occurrence of maﬂ:faqflw independent sex-linked mutations
~« these were observed in the offspring of various males.
Paired mutations were twice observed under conditions
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: whereim it wonld hﬁVc bau‘ Jmh@ﬂﬂlbl@ ﬁa guaraﬁtan lnde-g

' pendent occurrence were it not for the great morphologi-.

" cal differences in the lethal mutations (mortality stages).

. There was but a 31n91@ cuse of paired sex-linked lethal

. mutations erising as a result of a slngle spérmataganlal
1 mutation.

fan apion group and an esterase group at a disbance of
4.5 A (Angstrcm unLtQ; away from it: v

Three‘mutat¢ans of the number 1mdiaat6& in TARLE l

‘.were of tie genmi-lethsl type with marked morphological
. charscteristics, Of an e%neciﬁlly remarkable character !
. 'in these specimens was the simultaneous appearance of two
i discrete changes ~=- the distinctive fused-wing mutation |
@‘(fused longitudinal nervures) &snd a markedly decreased
| eye size. Tpis simultaneous mutation of seversl genes |
- is linked very probably with an alteration of the ohromm«
: some sthucture, possibly of the inversive type. ‘

Another of the lethal mutstions ccnuistcd of a

. fractional ‘alteration in comnection with a reversion for |
s small portion of the spermatogonisa, most probably for
Cone cell in eight, judping by the relationship between .
i the lethal and non-lethal mbgational grovups. The new -
Cmutational state turned out to be an unstable one for one
tof the cells, which then reverted to.the norm.

The comparison between the incidence rate for chem~‘

i ically induced mutations in the sex chrammsome and that

i for spontaneous mutetions (1:700 % 1: 1000) testifies to
" the capedbility of the compound being studied %o inc¢rease :

| mutational incidence by mnrroximatejv 100 times »~=~ 8 =
" factor which corresponds %o, and in the long run may eXx-
- ceed the effectiveness of high-freguency radiation.  Thus,
. the new supragenetic factor is of some interest in con- |

nection with pharmsceutical (ant&bxatxc ¢murces) and

E“agxzcultural selection.

The data on the biochemical acﬁlan of phasmhmr0»

?orgamxc compounds given below afford some concepbtion of
' several aspects of the mechanism involved in the inter-

ference of & new mutation-causing agenf with the auto-

‘1cataivtzc process. These data acquire an added interest |
I in connection with the discovery of a sagﬁiflcant cholinm

esterase content in cell nuclei (10).
Tt was shown in 1647 (11) that the tax*clty of

. phosphorus-containing compounds is tied in with e discrete
. cholinesterase-inhibiting action. The inhibit ;ion theory -
‘was worked out in detail by the American school of bio-

“echemists (12). In sccordence with modern concepts, the

sctive portion of the cholinesterase molecule contains
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Anion  Feterase

group ‘ - group

‘Under normal conditicns and as a result of & precise geo~
metric correspondence, the enzyue d&n4vete*y adsorbs tne
‘aeetyleboline snd catalyzes 1%s hydrolysis,
Upub conmpletion of bhydrolysis the active en&vmmtmc

gurfece is lnb“watmd onid sdsorbs e new molecule of the
Csubstratun.
‘ There ere twoe types of enzywe nﬂnzh**nr,ﬁ' The
firet incliudes compourds which are not hydrolyzed at all
or undergo only pariisl hyldeol vvﬁv~pf1,we have coordinate
Eroups ﬂqu*v alent to those of nfﬂ wlcheline, One such
compound is prosarine: : ’
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Phosphorylat]

COmpound s belong to the second

ctype of irhibitors which hlock the esterase group in cho-
Clinesterase. Sach bypob gre svpporbed by the existe

ence of nighly specific resvtivator agsnts for phowghnrylw
sted cholinesterase. One of the stﬂaﬁgm&i reactivators

iw pyridine~2-sldoximmelthyliodide (FAMY (12,137, "“1 b

has & nucleophilic oxime group at a distance of 4. %

ﬂ - Afm‘\
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" from the guaternsry nitrogen. A shift of the aldoxime |
Cgroup into the P or Y-position, moreover, . considerably
: decreafes activity., fThe reactivation obviously consists !
. of the PAM coordinaticn on the anion group of the phos-
. phorylated enzyme and the subsequent rephosphorylation of
v - the reactivating agenit from an enzyne intoe a nucleophilic
~group. The poesibility of such trensformations is suffi-
 ciently supportable by the facts of chemistry (14). ;
. In 1958 Enander showed thut the action of a number
of compounds including both essentially distinet types of
»inhibitors is net diminished by certain resctivators (1%).
These compounds, which were obtained by Temmelin (16) in !
. accordance with the insecticides synthesized by Ghosh (U7,
. 18), represent choline ethers of fluoromethylphosphinic

cacid: i ‘ ‘
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5 The extremely high toxicity of these compcounds (19)
. and their irreversiblie cholinesterase~inhibiting action |
_are, explained by the double blocking of the anion and ‘

- esterase groups in the enzymaivic molecule: o

e - ‘,fkﬁo S ‘ ié
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RN - The part of the cholinesterase molecule which under-
. goes phosphorylation is the (CH-group in @erine. This hag
I been demonstrated to hold in the case of cholinesterase
- (20) snd also for chymotrypsin (21}, which is alsoc inhibit-
. ed by phosphoryleting sgents. The phosphorylaticn of ser-
- ine haz been thoroughly investigated by chenists (22). The
‘ " amino-acid sequence in blocking the enzyme (~—ASpr—-Serhm
) ‘ L Gly—-) (23) common to many members of the esterase group .
4 ' has been precisely determined within recent times. In -
o gddition to the available facts on serine, there are also
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A

o phyal tological pbmﬁpha?ylatﬁmn of
the CH~group in i Mﬂlﬁ@ {247 '

The pu”%nWt af the facts here presented is’
to admit of $he possibliity of direet phosphoryléi
~tion within the chromosome substratum, which is
the seat df the mutationsl process ww mronahly withe
in the protein porition of the gene wnd most likely
involiving the eminoaszide sorine and tyrosine, The
latier pﬂ&ﬁibili v may turn out to be a source of &
certein degree of enscificiiy in th@,mutatimnal‘ 2
processy this ﬁuﬂpﬁ%iuiwv 4& apparently more amnen- L
able to experimental Qﬂwfﬁwﬁitiuﬂ (1 raugh the sﬁuﬂy
of reverse mutation. : :

e
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