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. Abstract

.Recent.ly, and for the first time',-'a diisopfopylpho_sphoroﬁuoridate {DFP)-hydrolyzing . .

enzyme, i.e. an organcphosphorus acid anhydrolase (OPAA), bas been reported in a

~ plant-source. Based on this and other suggestive evidence, the ability of three plant sources

and a protist to hydrolyze DFP and- 1,2,2-tzimethylpropyl methylphosphonofluoridate
{Soman) were tested, and the effects of Mn2* and ethylenediamine tetraacetate (EDTA) on
this activity. The plants are duckweed (ZLemna minor), giant-duckweed: (Spirodels oligorhiza),
‘and germinated mung bean (Vigna radiata); the- protist .is-a slime mold (Dictyosteliom

“discoidiumy. The tests are based on a crude classification of OPAAs as ‘squid type’ (DFP -

hydrolyzed more rapidly than Soman) and all of the others termed by us, with questionable
Justification, as ‘Mazur type’ (Soman hydrolyzed more rapidly than DFP). Of the two
duckweeds, Spirodela oligorhiza hydrolyzes Soman but not DTP, and Lemna minor does not
hydrolyze either substrate. In contrast to the report of Yu and Sakurai, mung bean does not
hydrolyze DFP and hydrolyzes Soman with a S-fold stimulation by Mu?+ and a marked
inhibition by EDTA. The slime mold hydrolyzes Soman more rapidly than DFP (but does
hydrolyze DFP) and the hydrolysis is M2+ ‘stimulated. The failure of these plant sources to
hydrolyze DFP is similar to the behavior of OPAA. from - Bacillus stearathermophilus.
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1. Introduction

From the very first report of an enzyme (or enzymes) capable of splitting the
P-F bond, as for example in the compound diisopropylphosphoroftuoridate (DFP)
[1], until the Second International Meeting on this subject [2], and now at the Third
International Meeting on Esterases Reacting with Organophosphorus Compounds
in 1988, the question of a natural substrate and thus a physiological role for these
enzymes remains unanswered. The finding of one such enzyme in the nerve tissue of
a specific animal class, the cephalopods, has resulted in the terminology, ‘squid type
OPA’, the initials standing for ‘organophosphorus acid anhydrolase’. With good
evidence this terminology identifies an enzyme characterized by narrow distribu-
tion, and a consistent DFP/Soman hydrolysis ratio of about 5. Other properties -
have also been noted [3]. What is far less justified (and for which the senior author
‘accepts- responsibility) is the lumping together of all the other ~organophosphorus
acid anhydrolases (OPAAs) and even organophosphorus hydrolase (OPH) [4] under
the title “Mazur type’ 133, - S SR T _ '

Taxonomy. and the accompanying nomenclature are Jess important than what
they may suggest about the function of such enzymes. For example, it has been
noted that cephalopod nerve, and only this tissue, has an unusual anion, 2-hydrox-
yethanesulfonate (isethionate), at an intracellular concentration of approximately
150 mM. Despite speculation [3,5,6], it was not possible to relate the presence of
squid type OPAA and isethionate. Similar questions and speculations, applied to all
the other OPAAs, either never have arisen, or are dismissed as in Mounter’s review
[7] as ‘several hydrolytic enzymes of overlapping specificities’. ,

Until recently there has been no report of any of the OPAAs in plants, despite
occasional examinations of plant homogenates by us, and possibly by others. Now
that has changed. Yu and Sakurai [8] have reported the hydrolysis of DFP by Vigna

.. radiata (mung bean), and recently it was said that duckweed (species not specified

at that stage) appeared to be causing a degradation of one of the organophospho-.
rus insecticides [5] - = : o s S
“This paper confirms in general the work of Yu and Sakurai [8], but differs in

some possibly important details. Findings with duckweed that substantiate the

communication from Wolfe [9] were also reported, and describe a striking taxo-
“nomic difference. Findings with Dictyostelium discoidium (a slime mold) was also

included, which is, of course, not a-mold and is probably more closely related to -
Tetrahymena thermophila, used by Landis et al. [10,111. - g C

'2, Materials and methods

.Lemma minor was grown at the Museum of Science, Boston, MA, and had
originally been obtained from Carclina Biological, Burlington, NC. Spirodela
oligorhiza was obtained from the US Environmental Protection Agency, Athens,
GA. Vigna radiata was grown 1o a height of about 5 cm from seeds obtained from
the Vermont Bean Seed, Fair Haven, VT, The plant materials were homogenized in -




j 3. Results. '
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buffer to give . a 20% w/v suspensmn chtyostelmm dzscozdmn was obtamed as
frozen 10% suspensions from. Dr Richard H. Kessin, Department of Anatomy and

-Cell Biology,: College -of Physwlans and Surgeons, Columbia Umvers:ty, NY.The -

cells were disnipted by iepeated freezmg and thawing at dry-ice temperature. = = -
DFP was ‘obtained from Sigma, St. Louis, MO. Soman was used as described [3],

i facilities at the Marine Blologlcal Laboratory. In brief, DFP or Soman hydroly-

sis ‘was foﬂowed with a ﬂuonde—sensmve .electrode; 0.5l of plant homogenate
(eqmvalent 107100 mg tzssue), or 0.025 ml of the slime mold suspension (equivalent

j .10 25 mg ceﬂs), was added to the reaction vessel so as to give a- final volume of 5.0

ml, 3 mM m DFP or Soman thh or w1thout other addltwes

Table 1 shows the hydrolys1s of DFP and Soman by the three plant spemes The
- additives, Mn“ and ethylened:annne tetradcetate (EDTA), were chosen to, pem:nt; e
comparisons w:th other OPAAs {3], and with the Teport of Yu and Sakurai [8]. Tn. T

brief, there appears to be fittle or no measurable hydrolysis of DFP by the whole

' homogenates of all three of the plants tested. Vigna radiata does hydrolyze, Soman,

and the hydrolysm is stimulated about 5-fold. by Mn?* and inhibited about 80% by .
EDTA. The sharp difference between two- such supetficially similar members of the

family Lémiaceae’ (see Fig. 1), namely’ Lemna mmar and szrodela olzgorhzza i
self-evident and ‘will be disciissed elsewhere. =

‘Table 2 shows the hydrolyms of DFP and Soman by D;ctym:elzum d:scozdmm o

(Soman/DFP = 5) and about a 3-fold stimulation of these hydrolyses by Mn>*.

There is only a little inhibition ‘of the’ chtyostelmm OPAA by EDTA, but since . - W
‘there was a marked stimulation of this enzyme actw:ty by added Ca* (=75%;

data not shown),there may have been little-or mo Ca®*. in. the Dictyostelium_ -
preparation to begin with, perhaps dug to the method of harvestmg the cells. For .
comparison, Table 2 also presents, pubhshed data on T etmhymena tkermophzfa [0},

and a kind of ¢ average for squld (Lolxgo pealei ) nerve tissue [3,10], in that one of :'_';_ .
these sources [3} is already an average of many reports from the Iaboratory of the
senior author A BT SR

TFable 1 . . o : L L
Organophosphorus amd anhydro]ase (OPAA) a.cnwty of homogenates of three: plant specles S

. P-F Compou.nd/z_xddmve S uM P-F cempound hydrolyzed h~* g™! fresh hssue" A

. ' '.VS?ifﬂddﬂ;-'ﬂﬁg.Orﬁim Leﬁm.m_in‘or‘__.:: '._P.'i;g.n&h;:aa’fz_zta-. R
DFPfaone . .Ul ot g g
(DFPMn® e 0 e T g e --'.'»: 0612
Semanfaone . e CRELL 120 v o 0,0 51,9.6
Soman/Mn®* o IU0010T 0 e R R 252 447
- - Soman/EDTA - . L g 155, 5.7 e e o L LA

* All values are individual results; wheré a'valﬁe is missing, no d_ete:mination was niade_. '







-

[ S W PO —

- or no hydrolysis of DFP. by Vigna radima.
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Fig. 2. "The enzymatic hydrolysis of Soman and diisopropylphospheroflucridate (DFP) by ¥igna radita
{mung bean) homogenate. Although the DFP enzymatic hydrolysis rate appears to be zero, ie., not
greater than the non-enzymatic rate of DFP hydrolysis, the use of a repression equation permits the
caloulation of the extremely low rate given in Table 1. The dip at approximately 10 min marks the
addition of homogenate. s o I o '

non-enzymatic rate of hyd_foljs’ijsl fa’r..Soman than for DFP. The slight downward

~deflection at about 10 min marks. the addition of 0.5 ml of a 20% plant tissue

homogenate. Thereafter, the hydrolysis of Soman is evident, .whereas either by
inspection or by the calculation of a regression equation there appears to be little

4. Discussion

Based .on either published work [§] or personal communication 9, a characte_ri_-i _

zation of OPAA-like activities of three plants was undertaken, For comparison with
work by Landis and associates {10,11], a protist was also examined. While there are

. minor differences and inconsistencies, it appears that the OPAAs of two of the plants

and the protist (the slime mold) would fall into the catch-all category of ‘Mazur type’

" [B]- The enzyme levels in the plants range from very low to Zero, or at any rate

unmeasurable, in Lemna minor, to levels comparable to others reported when Soman
is the substrate. The most striking feature of the observations is that within a single
family, Lemnacea, two superficially similar species show a marked difference with
respect to Soman hydrolysis. The interest is less in the practical ability of Spirodela -
oligorhiza to detoxify a nerve gas (the level of activity is too low) than in the question:
what else does this species have (or lack) that Lemna minor lacks {or has)? Behind
this is the question: what is the natural substrate and physiclogical role for the OPAAs?
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