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Since their introdu ticm as potential chen-Acal imrfare

agents, the nitrofern mustards have servecd as valuable rescarch tools

for studies of the vital reproduactive 7orocesses, as well as other

basic biolo4,c mechanisms. Although wieely employed- to achi'eve such

effects as matations, radiation-type syniptcnis ard carcino~enesisq

the most re,,:rdinv anoli~caticfls c,-. these a-ents have been in the
fiel ofcaner cemoherpy.A broaftr understandintg of the in vv

mode of action of Ithe nitrogen mustards would contribute sivgnilTcarnt-

l.y to improved desian of coripcur-ds for bcth rilitary and civilian

uses. The biolco-,Ic effects of thiese dru--s are -,eneral)v ascribed to

chenical alky2!.ticnf of suscentible functions such Pts sulfT,-rdryl,,

anmino, and rina nitro-cn l of urin~es and phosphate (eels 7efs. 1,2,

3).

The secon-lary nit~rcaen mustard, !T,, -~bs(2-chlcrcet%.-l)pnin~e

(nor-TIT2) ,w-as selected for a detailed stud-r of iWreactim'

mechanism. Previous work (hk) indicates that in aqueous media it

reacts !ia an aziridintun ion T (rquaticn 1). It is this ion that

reacts riith nucl,ýcphiles present in solution.

Ste-0 1 + OH'2

C1CH2'HT -Y2' 2C ~---- C-LCM 2 C!2 .r' + C1-

ClC*Tr7!2ýCu2 --.2lCH 2CH 2 Ne"

Y"- Illuclc'ophilic Ion jPHJL
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The protonated aziric3!l'ni-im ion I a1!lylatcs nucleophillic substinces
considerably !'h'st-ýr than the u~nchar~cd spe-ýcies I! V-1ch is lar-ely
present in basic tiidia (11).

Por this reason nor-!!!2 and other secccndar-, a-AL_,e nust-ards
are goncrally m~ore rcaective in sol-atim~s of low -oil.. where tie
concentration of the protlvnated' forni is hivgh. Two xel] known
secondary nitrogen mustards of tnW-'s type that have been tsnd ex-
tensively in cancer chemotheraneutic st-udies are nor-u2'72,ad1
diL-(2-chloroethyl-a-milno)-1,6-deoxy-Ti-m'annito1 (r.ý2nnitol r"stArld,
degranol). The plýats of these comrionvds (rKa of 6.5 for *Tor-T7'2 and

72for Pegranol) are such that. the aziritline formed on c:clztn
exists to a considerable extent i~n the unprotonated form, at
physiolo-ic pli. Thus,, they react. quite slowly vhen disEsolved in an
aqueous solution of 91T 7.14 (h).

Poth nor-T"12 and derranol disan:)eared f~rom hunan and aninal
blood serunmarnch more ran-1cdly than miaht be reice on a
theoretical b~isis. This unuls ally rapid diswanearance can be
internret-I in terms of a nrnylv renortdr-tinbtý. o-~
and carbon .oxide to for~m 3-(ý2-cýhloroeth~rl)-2-o~xazolidincne (5,6)
(1T"ouation 2). The reactien has been noted to proceed spcrntaneously
in aqueous sodOium bicarbonate solution.

Sten 1, CH 2CH 2C01
(ClrnCHAcHYT + Co0 C- I c?12 : +

CH 2 _CH2Eq. 2
C11 1

C1_ + C1CH2CH2N 0

0
ITH

The studies writh. ncr-M-TN2 rep)orted herein demcnstrate the
presence ol a hitherto un!--nc'rn enzyme in hunan and animal blood
seruxvi that catalyzes formatien of the oxazolidinone. Thus., after
injectuion-into the bloodstrean, these a~mnts are ranidly transformed
into reacticn norodi-,ct._ thýat cannot performi t~he r D ltin-. reactI n so
characteristic of tle nitiro',en, vustards.

The kinetic datba indicate that this enzyne cata3,.zes
carbanate formatjion - a reaction of importance for the transport of
carbon dioxide in blood.

.R m + CO ` RYOM + H q3
2 2~ IT 2 3

511



, •'I~~ILIA"301.', KTR3,Y, S.•-q F :TZN
V

Reexamination cf the presently ac:cepted mechanism of' nornal
respiration su~ests that those am"ines in blood that are capable of

transportjn7 CO2 via carbeuriates exhibit loy pVa values and react
rather slowly w-.th (02, as co-rared with l-,oro basic anines. Since,
in the lun-s, blood contacts a lowrered partial pressure of CO for- - 12
only a brief period, this non-catalyzcd method0 of CO2 transfer would
be expected to be ineffective. It is unlikely that the in vivo
action of this enzymne is liriit•d to 2-chloroeth.rlarmines.1!ocre
probably, it operates with natuirally occurring amines as well,
thereby catalyzling the rraction shwni in equation 3, and serving an
irportant function of carbon dioxide transport in the body.

A. Nature of the Reaction Betimen Nor-MIT2 and Blood

The rate of cyclizaticn of nor-T:2 in 0.1 M. D.T. 7.4
phosphate buffer, 370 (step 1, eq. 1) was measured by liberation of
chloride ion, and the first order velocity constant was fciund to be
3 X 10-2 min-' (half life = 23 min.). In this system, the cyclized
form of ncr-TM2 is stable for many hours. In fresh human blood,
however, norl-TI2 reacted more rapidly than would be predicted. In
spite of its rather slow cyclization rate, 5Q/ of the initial
concentration disappeared in approxirateiy 2 minutes.a

Tihe typical reaction patterns of nor-:t-l2 in various
concentrations of fresh rabbit blood are shown in Fig. 1. Those
curves illustrate two outstanding feat"res of the reaction bet"een
nor-T.2 and blocd: (a) the decrease in reaction rate "ith decrease
in concentration of blood and (b) the obvious retardation of the
reaction rate in Ats later stages as well as the fact that it does

,not proceed to ccmpletion.

The h-(h?-nitrobenzyl)pyrieine testb used for the
determination o_" the percenta-e of alkylatin- a-ent renaining at
vario :s tine intervals meas3:res both the uncyclized and cyclized
forms of nor-'V2 (tq. 1). The alkylatin7 activity reT-aininp in the
final stages of the reaction. in Fiv. 1 could be one or.both of these

species. Bach curve in Fig. 1, therefore, describes tiwo re-cticrs
occurring sinIjt-_necusly° in blo~-d: (a) a ra-,id reaction that de-
stroys the nor-!-HI2, and (b) the fornmtion of a second al-.kylitin.

a The ttie required for disappearance of half of the agent varied

frqTa less than 1 din. to several mrin. dependin, on the narticular
blood sample used.

b The 19? method (7) ..,as adapted for these rate studies to determine

the amount of nor-TT2 renai-inr, at any particular ti-ne (8). The
rate of cyclizaticn of nor-MT2 in 0.1 :' phosphate buffer was
determined by titration of liberated chloride ion, using a
modification of the mercuric-diphenylcarbazone method (9).
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a-ment w-hich. ic not destrocyed by t~e activc- prinf~iplc in blood.
u~rthernore, the quanltity- o1 t~he latto-r a~o:ars to b-- deeendkent on

the orl rate of reaction. Thi~s in 1i.01 the slc'-:er re-.c tion
produces the greater quantity of alkylatin-r a'cnt. in a formn
unreactive towiard blood.

The reaction patte-rn set- fcrt~h in Fig. I su--ests a
ranid reaction betwreen uncycli-7,cd rior-M'2 and blood.C This' is nost
probably the reaction shcý-rn in equaation 2 in -v!'.i4ch carbocn dlioxide is
resp~onsi~ble for the rapid. reaction, To account for the al~tylntin7
agentp remaining in blood, it is postulated that ti-is is the cyclized
nor-T..2 (11). The cyclizatic-n process (':,'q. 1), -hiiCh be-,ins
immediately when nor-!LNý2 is dissolved in blood,, leaes to the
formation of cyclized nor-M-2 (TT) that would nornally be erpect A
to react only very slowily With blood,

To test this hypothesis, a series of experimcýnts were
performed to deternine the stability of' the cyclized form of nor-7ý'2
(IT) in fresh blon'd. In these exoeriinents nor-11I2 w.as inct,-bated 1-n
p71- 7A~ bixfer to yield vpriouas pserentac-es oP TI jihich we.rC_ then
allol'ed to react with fresh goat blocd.ý Speci~fi cally, nor-!-2
(50Ocg.,-ff.) vas dis~solved in 0.1 Y,, pH{ 7.L hoispha-te buffer-
maintained at 370, and cyclization (70. 1) ..!as allo'.7sd to0 jro CPeed
Periodically, aliqu.ot's (containing vi- ious nircentp-ops of c-yclised
profuct) -,:ere removend and allo'-ed to react with fresh ,.oat blood.
As sionv in Fig, 2, the cvclized forn. of nor-'r-2 is essentially
unreacti~ve tow-ards fresh mgoat blood, The e:nerimental curve depicted
in 'Fig . 2 exhiibits a ha'If-life of c.-rclization of annroxinat~ely 23
min, This valve a-rees wi-th the cyclizaticn rate as me~asured by the
rate of chiloride ion 'Liberation. It may, therefore, beconclu~ded
that anyr c:yclized nor-M!i2 present in Fig 1 irill also Ice rela-tively
unreactive.

C Theoretically, the r-eýaction proceeds ste-irse. Tn accordance iwith
equation 1$ sten 1 (c.-,clization) begins upon ctrtact with w-.ater,
and nuc!leophilic ions (step 2) then act upon the -irctcnanted
cyclized form. Fca; ali-ohatic nitro-en nu'stardls, in -generali, step 1
is reasonably frast while step 2 is slew and is, therefore, the rate
controlling s-Ven in the over-a2) -orccess. The c-mclic s-ýecies
accumiulates to relatively hiozh concintratirrs in -the roacti-en nedia
even in the aresence of the hi-ghly nucleophilic thicsý:lfnt- icn
(10). The uncyclized forrn of nor-T'*2 is a poor al'kýrltin7, az-ent
as co-n'ared to the cyclized form ;;nd the ov~ralll rcaCticn rate As
depicted in equation 1 should never exceed the rate off c-.rcliza1%i1cn
(step 1), Because the reaction of ncr-T-ý2 in fresh blocd occýurs
at a riuch faster rate than ste) l,sit obvircuslyr doe--s not 'nrcceeqd
througýh the cyclic intermediate ion I and, therefore, is not the
nornal allylat-ion reaction.
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As a corollarr, the quantity &- unrcactive alkyrlating

vent remainin-• in so3uticn aPtor rc-actior. with blood is inversely

proportional to the overall reaction rate of ror-!!2 in blood.
Accordinvly, the quantity of allkrlý'tin3 arent remaininr after
reaction !Aith blood under standard conditions wms utilized as an
inverse index of reactivity of nor-T,:2 in blood. It is notew:orthy
that this remain~n- alk-ylating agent shoved no measurable decline
after several hours in blood.

To evaluate the role of carbon dioxide, the rFte of
the reaction sho-m in ecuation 2 ims measured in the absence of
blood; i.e., in sodium bicarbonate sollition strongly buffered with
phosphnte buffer at pnt 7.h. Fir. 3 is a plot of the ',seudo first
order velocity constants of nor-M1r2 at various concentrations of
sodium bicarbonate in 0.25 2.., pH 7.4 phosphate buffer at 370. In
Table 1 are tabulated similar values w-hen nor-1,N2 is allow-ed to
react with various biologic media under identical conditions. The
large deviations between species are outstanding and incompatible
with the predicted course of eruation 2 in animal blood. The data
in Table 1 shcrs that a concentration of fpnrcximately 0.2 sodium
bicarbonate is required to cbtan a reaction rate of the same
velocity as obtained in fresh guinea pia blood whereas only apprcxi-
mately 0.02 !1. sodium bicarbonate is required to obtain the same
reaction rate as nor-MT2 in mouse blood.

If these deviations in reaction rates of nor-",!2 are
to be ascribe, solely to the concentration of dissolved carbon
dioxide (e.g., free C02 , bicarbonate or carba-ates), the quantities
Of CO2 in guinea nig blood must be annrmctiately ten fold that in
mouse blood. The normal concentraticns of total dissolved carbon
dioxide in rmamalian blood is ap)roximately 0."25 14. (11).
Deviations as low as 0.015 '". have been observed 'n diabetic coma
and nephritic death (12). 'eviation as high as 0.025 '1. has been
obtained when large quantities of sodifu bicarbonate .,-ere expcri-
mentally administered to laboratory animals (12). The differences
observed in the reaction rates of nor-' 12 in ==-,aliam blood cannot,
therefore, be attributed solely to a chance in blood CO2 concen-
tration. Althcugh the reacticn nechRanism for the disap?-earance of
nor-M-!2 nay be that illustrnted in equation 2,the rate at which this
process occurs in blood appears to be dependent upon factors other
than the total quantity of carbon dioxide present. It should be
noted that mouse blood does not ncss=ss the abilitr to ircr-ase the
rate of the reaction depicted by equation 2 beond that so-o.. in
Fig. 3.
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Table I

Reaction. Rate of `or-'!ý2 in Var ous Piolojrcal !-'edia

Half i, 1,j f,,ni.a
Biolo'ica1 ______ ________ olarity of

Medium B 1olz i I )Biolo-ical BicarbonatE iequ'irt-d

~~tdiuaL to ?rcciuce 34mflar
2 5, 00 Rateci

Huxnan 1,Thoh lcc . 2.4 ~ 0.04.2

Hum.an., Serrm 8 2.0 0.05

Guinea Pi".9 ""hole
Blood 2.0 0.5 0.2

Mouse, T-,hole Blood 18.5 4~.9 0,02

Rat, !-,hole Blood 7 1.7 0,062

Goat, WThole Blood 4 .7 1.2 0.085

a Initial velocity, obtvained frcmi pooled blood or serum.

b Expoeririental vallues obtained in 0.25 MPH 7.14, 370 phosphate
buffer.

d Molarity of NaTH0 3 in 0.25 '.-. pH 7.4) 370 nhoinhate buiffer reo-ir-
ed to produce a reaction rate similar to 100Y, biolo:'ical T-ed ium.

To demonstrate the nr-esence cf a flo aCtor
resnensible -'er th.1is enhanýced activity, noccled ~uespruni and nooled
guin,ýa niv scrun were adjusted to pnt 3 -inr separate~ Peximrirernts and
evacuated for 30C miinutes at 20 H-7 - to remove 7-cst cf th~e dissolved
carbon diod-de. The b*ý -..as ýt,.rred 7o .1 SO4. c~l oIu
hydrcxi~e solutio-n, and the se-ra -.:ere ev-a1'ated. ?ohsa-iles were
essentially un-repctive tc:.ýard nor-T-r-2. To sach serup. -,.as acc'red
0,025 N. sodium bicarbonat'Ve (a!o-royinate phxysiclo~ic concenitration)
and the sara weea-ain tested. The mcuse ser-arn reactcd as nig.ht be
excnected in the absence of a rate acceleraticn ractor and exhibited
a rate of disaioearance of nor-~'H2 consisteAr.t 4. ith -i:-. 3. The
reaction rate of the wmapic- serunm, however, -..as a-'oroxi-mately
ten times grZ'*ater than thcat of, the mou-.e -seru-n.
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It apoersr, thereforc, that the r'acti •" bt,'7-en
•' •-• nor-11112 and bleed serum dois not occur in the absence of carbon

dioxide, but is acccez!reted beycnd its normi'al rate in the ore~rnce
of certain namnlian sera. Furthermore it appears that the factor
which prowotes the rapid rr:actirn bet,Teen nor-TM2 and bloc' seru is
not inactivated wh.-n held at p1 3 for 30 ninutes. This factor has
been dbs,•rved in the iwhole blood or serum of humans, goats, doss,
rabbits, rats and -ui-nea pi-s; muscle tissue from rabbits, rats, and
rat liver. The concentration of the factor in blood varies not only
between species but between animals of the same species.

B. Ifechanism of the Transformation of 11or-T'12 in Aqueous
Bicarbonate a-• -B " oo

Measurenent of the rate of disappearance of nor-M1112
by the T1MP method shoved that the pseudo first order rate constant
of equation 2 incrcases in a linear manner vith increasin2
concentration of carbon dicxide as shown in Figure 3.

Since the !TBP method measures only the rate of
disappearance of allkylatincý Pvent, additicnal evidence for the
mechanism of the disappearance .es sought. For this purpose the
rate of for-mation c chicride ion was deternined at 370 in 0.1 "0.,
pH 7.4 phcsphate buffer. In the range of concentration of 0.021 !.
to 0.05 M. sodium bicarbcnate, the rates of disanpearance of nor-77¶2
as measured by the !B? method a-reed with the rates of fcrnation of
chloride ion (after correction "'or Cl)due to Fq. 1). Thus, the
rates of disanpnarance of nor-1T2 in Figure 3 depict also the rr-tes
of 3-(2-chloroethyl)-2-oxazoli inone fcrnation.

The linearity of Figure 3 indicates second order
kinetics. The rate controllin., ste- in equation 2 is therefore the
bimolecular sten 1. In these studies, only the forward reaction of
step I (-q. 2) -as considared since the.bac.7rard process is
hindered in 'basic media. 1

d The reaction between .".onia and carbon dioxide has been studied

by Pinsent and co-workers (13). The reactions involved are:
CO2 + NH3 N_. '12H2COO + (+)

H+ + - H 97 (2)

AIA the hydrogen icns orcduced in reaction (1) are .nstantly
transformed into .nLcniui i-cr by equaticn (2) and the overall rate
is governed by the speed of reaction (1), i.e.,

. r [0 2]. t [oo2 []'3
The value -of the velocity constant k was found to be 1130 M.-
Sec 4" at oo0°
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In order to ac-oelorate the ov~rnll rate of equation 2
the active bloed factor riust alter the ratue c'ntrollin!- stoo (or
both steps). Sincc the rate controlling step.- -f emuati-on 2 is
carba-matCe ion foii'.ation (step 1) it w:~pmrs th.at the funct-ion of thc
blood factor is to acceler-ate this stlep.

Ld ~One could lo-,3cally sicnpose that the role of t-he blood
Ld factor is to incrpase the availabilityr of carbon dioxide in

accordance with the foflo-in:7 equation:

H200 0 Fq. 4

Fcjuation 4 is catalyzed by the enz~ye carbonic anhydrase (1h). The
secondary nitro~er mustards might theref ore be expe, cted4 to repct more
ra~pidly in the presence of this enz77me. To test this h'-oothýesis.,
carbonic anh:,ýrdrase (at variocus corcentrations) vw,, aeded to thne '07
7.4 buffered system contp'nin.- nor-712 and sodiur-i bicarbonat-e. 1'o
accele~ration in the reacticn raýte -Tas dobsc:-7;c. Fur'.1,r77crt-. the
reaction~ cf nor-H72 ir fresh nuirnea -oi blool serx, nroce-&de
undisturbed in the prcsence Of 10-2 nolar sodium cyanide, a
con~centra-tion. sufficient to cause sericus inliibitAm of cp.rb -:nic
an-hyclrase (15). It is concluded that carbonic ah-drase play-s littole
or no pjart in acceleratira, the repction rate.

C. Pronerties of the 'Factor

Therra). Inactivation

To determine the thexrnAl stability of the factor, the
carbon diox.ide was rempved frci guinea pi sertzr as above and the
serum ;Tas heated to 75 for 5 m Upon the addition of 0.02.1 :1
sodium bicarbonate and reaction with nor-tET2, a Vaeo ~s~aa

a-pproxirnating that shmmr in Fig. 3 was observed. The blood factor
that -oromot~es the reaction between nor-t"12 andi blood sem ao'nears
to have been destroyed by, thits trinatn"ent. !It- is. hm-ev--r, quite
stable at lotr7er tenperatures. !{eatin-ý to 50 for 5 days 6id not
destroy the activity. Thus, this substance exhibits an extrp:,ely
high ter~erature coefficient of thermal inactivation,9 a ch~aracter-
istic of prot~eir~acesus material. The active factor is normally

-stored as lycohilized serum at refri-13erator te-pcratý.ures.

Dialysis

e The factor de-scribed herein is not dial-mable. A
sa mlfh of, ziirsa -oi scrum, -as dialyz!ed aai*.nst ru.nm,*n-- tap -.at-r
for IS hours, and the carbon dioxide !-as remcvedl by treatnent urler
the acidic conditi-ns descriubed above. Uncn the additien of 0.21 'T
sodium bicarbrnate, the ori,,nal Ui~h activity of tChe srur as
restored.
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SD, Opttrmm pHl

The rate of reaction between fresh goat blood end

ncr-T12 at 370 versus pti is plotted in Fi,. l. The attern of t
variation in reaction rate as a function of D" i]lustr,-tcs an ootirmu

p!! (7.2). It is noteworthy, hoeever, that upon Oecreasin, the p!
below the P~a of nor-!1U2 (6.5) the decrease in reaction rate is nore
abrupt; suc:-estin'? -that the omt'mum p7! shom in "a
to orotonation of the substrnt-, ncr-M[2, at the lo.,er pT- values.

Due to the unavailability oC free C0O at hi-h pH, the
reaction of nor--I12 in the presence of sodium bicarbonate would bc
expected to proceed nore slow'ly as the om is increaz-od. The
cyclization process is p'l deeendent and proceeds more rapidly at high
pH!. Both processes probably contribute to the steep slope of Fig. 4
at hith pH.

E. Interprctation

The data presented reveals the presence of an
ingredient in blood serum that is capable of incroasinm the reaction
rate between certain secondary nitrogen mustards and carbon dioxide.
Althcuch this substance does not react directly u-ith nor-'M2, it
causes an accelerated loss of nor-TT2 in the oresence of carbon
dioxide.

This active principle of blood is evidently an enz-me
but is not carbonic anhydrase, is not inhibited by 10 - cyanide
ion, and is nor.-dialyzable. It is not inactivated ,hen held at oH 3
for 30 min. although gradual inactivation occurs when allo.md to
stand at this D"! for longer -,eriods of tine. The active orincinle
is destrcyed when heated to 75c for 5 minutes and exhibits an
extremel!T large terrnerature coef*'icient of ther-mal "n-activatirn.
The blood lcvel of the factor varies fr--ri animal to animal and
betiween soecies.

The reaction of certain sec-ndaz-- nitrogen m':stards
with carbon dioxide ccnverts then rapidly to c-oýoun-s that are not
potent as alcrlatinrc a',ents and whcse nharmacolo7ic prooertie- have
not been inves'i~at . Then these mustards are e-mlo:red as cancer
chemotherapeutic a'> •s, or in other in vivo biclo-ical studies,
most cf the injected ccm ond will be-t5ed-iately transformed to

another chemical cmocnd. caution must th*.Ž-fcre be exercised in
predictin7 and intarpretiLn; the in vivo activity of such mustards.

F. Imlications in .RspIration

The in vivo formation of carbanate ion is of consider-
able biolcgic imoor-an-E'and has been sho'*m to be involved in the
respiratory processes (16). A sig-nificant fraction of the total
carbon dioxide in the blood ; transported in the form of carbamate
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ion throu-,h the placmr.- proteins an.. hfrmo,-lobbin (16).

Since carbannate forrimiticn is a nuclcorhilic receti-n.
free unporot-onatod anine is reol.21r-c. Thcu rc~ac-Acn bctv-ern a-nýnc-s of
high basicity., (i~c., 1'i-h relatkive to ph siolo~i pi) and carbcn
dicxide is raoid -hen conducted in hi,-hly basic media (1"). Then
conducted A' lo-.:r pH- levn2s (closer to Dp1 7.4), how~evo.r, such a-i-*ss
arec protoneated and essentiall~y no reaction can occar * Thus any
carbanates forred from hi~hly basic a-ines anr, c-.rbýn Cd-_i0,ci shouldi
be stable and not readil.y, revvrsible in areas of low CO2 partial
pressure*

Only those arrines of relatively loi- DKa are suita'ble
for the formnatic'n of carba-mates carnable of relein-_c carbon dioxide
in the lung~s. Thcse are not highl-i nrctcnrnted at oh-si,ýlo-ic -,'
and would be expected to react iith carbrn dicxiide. A.Ithcu-,h iit i s
not normally pr sent in biclo-,icaJ. syrstens, nor-".isax cn1e o
such an a-aine, and its reaction rat- with carbon dio-xi 'de at DT! .
is measured in ninutes. Blood is exposed to the low-.ered partial
Dressure of carbon eioxide in the lwný-s for only anoroximately one
second (17). The unts-sister' rapid turnover ci' carbon dioxide b-
cheni~cal nreans alcne (via car' anate f ormlation) is irlorobable in th Is
short perlod of time.

It is postulated herein that an cn7ymre is -,resent in
blord serwn- that is ca-nable of accelcratin- tlie rate c,- Car>-n-ate
ion fPormation (r's denic~te,-d in Stcn 1 cf -c at-i-n 2). That t1,iis
In,:redicnt shoulId possess so hi-rh a soncciicity as toý acceler"ate
carbanateP ion for~-aticn of only certain sec-nds-ry nitrc~on 7mustuarzs
Is unlikelyý. ?rr-sently, hclever, i.e have no evlidence to indiccite

* that non-nustard anines such as heno0-lotin un-Jer~o entaly'sis by this
enz-.;e to form carbanate ion.

Althougyh amines r, act w~ith C0 O for- carbamate io-n,
* the instability and revearsibility of this co.7ponoid has delayred the

clecir demonstration of an enzyme that catalyzes this nrccesz. The
disco-very cf the tranoinr f~ur.c.ttcn throu-:Th cyrclizaticn cf a 2-chloro-
ethylanmine grouo to fcrn a stable oxazolidinone (:_quatAicn 2) has
enabled us to demonstrate an enzyne that catalyzes th.e lst sten of
the reaction. it is -prcbable that t'eaction of' this enz-.-.e is not
lim~ited to 2-chloroeth'lar'Thons bnut coerat-es, with other zn~turally
occurrino,.aiines as well and t5hereby serves an inoortkant furcticn in
002 transport in the body,
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WILLIAMSON, KIRBY, SASS and WITTEN

Figr. 1. "ariation in reaction rate of' nor-'TT2 as P. rcticn
01. acncentratien if frehI -ra'zbi* blood. ?-'l~ccd' dissolved in
0.1 !1., p":0 7,4 phcsphate buffer. aRýc-Acn rai~ntaJned at
To 7.b, 370 Conccnt-raticon of nor-'I'.2 - 50vea/r21.
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WILLIAMSONO KIRBY, SASS and WT~

Fig. 2. Inabillity oil fresh -cat blocd to destroy p-ecyclized nor-'-*2.
Plot of' percentace of' a~hllýItin-, activit-y uln-e-ctllre to0-rds fresh

*goat blood affter. incubation in 0.1 :.%:3 p'! 7-L phes'phate buff'er f'or
various periods of, tire at 370. Con-entrat-icn off nor&-7- 50icbma
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WILLIAMSON, KIRBY$ SASS and WITTEN

-Fig. 3.Reactinn of I'~or-' 7 2 7g'~i. -rith So-ium7 4c-a rb na te
in 0.25 !'.,o D;- 7.A P-osrhpte --uffler, 3700 pseucjo 7irst
Order 'late Constants ve~rsus "olarity of ~'!carbcnratc.
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WILLIAMSON, KIRBY, SASS and WITTEN

Fig. 1. Variation of the reaction r.te of nor-';2 and freshly
dram -,oat bloud as a function of p-o., 370.
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