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Stewart et al. (1) observed anm inucrease’ in
carbon monoxide-hennoglelbili in hunmanns
exposed to dichloromethane and suggest(’d
that the increased CO level was due to tue

metabolism of dichloronmethane to CO. An
alternative hypothesis is put forth in Settle’s
ivork on the effect of xenon (2) arid cyclo-

propane’ on the binding affinity of carbon
monmoxide to nmyoglobin. In these studies he

showed that xenon and, to a much larger

degree, cyclopropane, which both bind to

myoglobin, alter the CO affinity.
Xenon and cyclopropane bind to nnyo-

globin (3-6) at a specific site located in the
interior of the molecule about equidistant
from the heme-linked histidine and one of the
pyrrole rings of the heme group. These nnyo-

globin complexes are stabilized purely by

van der Waals forces (3-6). The binding
sites of HgBr3 and I� (7, 8) also involve

this internal cavity, but it is questionable
that these ions bind solely because of van

der Waals interactions. Since the shape,

size, and van der Waals radii of dichieiro-

methane (Table 1) are similar to those of

xenon and cyclopropamne, it is likely that

similar molecular interaction mvith the’se

heme proteins occur. It is therefore suggested

that dichloromethanme, also an anesthetic,

may act similarly and increase the CO-

Research carried out at Brookhavemi National

Laboratory under time autspices of time United

St ates , Atomic Energy Conmnmuissiomi.

t W. Settle, personal conirnummicati(hn.

8:35

heniioglobinn affinity sufficiennt ly to e’xplain

the results of Stewart ci a!. As a first step

inn time elucidatien of tine phenoimmo’nma oh-
served by Ste’imart ci of. (1), we ummdertook

this X-ray diffraction analysis (9) to deter-
imminne smlnc’the’r dichmlorommmethanie i)inmds to

myoglobinn as dci xennomn amid cyclopropanne.
Sperm sm-hale’ metmyoglobimn crystals pre-

pared by time umetimod of Kenndresv and Par-
rish (10) smerc’ mounted inn quartz capillaries
conmtaininmg, apart from nmcbthe’r liquor, some

dichloromimetimanme svith a I)artial pressure of

approximately 33 cm Hg. Crystals so pre-

pared siu(lsved inmcreased susceptibility to

radiationn daniage compared to nornmal met-
myelglohuni crystals. X-ray inmtenmsities of the
hko, inOl, amid Oki re’fiectiomms svere collected

to 2.7-A resolution, smith multiple film pre-
cessie)nn photels. From these data, electromm

density differemmce maps betsveenn metmumyo-

gloi)irn e’xposed to dichioreimetimanne and ma-

tive nmetmyoglohinm mvere calcmnlated, u.sinug
the phmase angles of the native nmetmmmyo-
glohini 2 These differenmce electron denmsity

maps arc’ sommiesvimat complicated but depict

major fe’atures inn the region corresponndinmg to

the xenme�mmi anud cyclopropane binding site.
Thuis i)inmdimug site is iii time interior of the
protein moilee’ule, approximately equidistant
from one of tine pyrrole rinigs of the heme
group amid time’ rimig of time heme-linked histi-

dine. Ilegionn 1 inn Fig. 1 represents the addi-

tiomi of dichioronmethane to metnmyoglobinn

2 H. C. Watsomi and J. C. Keitdrew, umtpublished

observat ionis.
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TABLE 1

S’onue physical properties (If anesthetics whose inyoglobin-binding properties have been studied

Krypton Kr

�1troua Oxide N20

Acetylene C2H2 (1�J��

Xenon Xe

Ethylene C2H4

Ethane C2H6

Cyclopropsne C3R�

Dichiorosethane CH�Cl�

0 ‘-

o-___._*x a/2

FIG. 1. Difference electron density maps: hOl (a), hkO (b), and Oki (c)

Contours are at arbitrary intervals. �, positive contours; , negative contours. The zero amid

first contours have heeni omitted. The positi(Imms of phenylalanine (H14) and leucine (G5) are depicted

as in the native structure. The arreiws (c) indicate the most likely reorientatiomis of these groups in the

derivative. The proibahie location of the dichbeironmethane is also shown.
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Fm e; . 2a . Skeletal niodel of ,,atn’e ?netni!/(Iglobl ii region involved in hiading of (hem loroinetha or siij�er-

iiiiposed 011 the hh-O (/iJTereoce eleetr(bll (1(1(51 ly l1I(1�

arid corresponds to the XCIiOIi or cyclopro-
panic site. Model building anud approach

distance calculatiorms shosv that regions 2
and 3, best seen inn Fig. ib, are most likely
caused by reorientations of the side chains
of phenylalanine H14 timid leucine G5.

Figure 2a depicts this region e)f the native
metnnyoglobinm struct ure’ superimmuposed on

the hk0 difference map, mvimile Fig. 2b shosvs

the sanme area miith the additionn of dichmloro-
methane and the reeiriemite’d side chains of

H14 and G5. I�ossible iimterferenice msith a few

other groups, such as le’ueirme F4 and iso-
!eucine 1’G4, cannot be rtmied (hut. The ob-

servationns by Settle suggest two) minior sites
in additiomi to time nuajor bunmdimig site’. Such

low-occupancy muimnor site’s, iuosv(’ve’r, tire

not obvieius inn these conmiplicate’d eliffe’renmce

muuaps, mvhere riot all nuinor feature’s are miter-
pretable. rI�hm i(bsS (If a negatively (‘barged

iomi (possibly sulfate) boumnd to imistichnes E7

amid G17 has beemi previously observed iii

azide (11), deoxy (12), timid xenonn Dive)-

globimn (3). Careful examinmitiomi of the
presenmt Immaps (F’ig. 1) immdictite’s oIlily mu niimielr

negative’ re’gieinn at that lelcatieni.

These X-ray diffe’re’mneo’ tmnmulyses sii ism t hitit

xemuomm , cycle iprel�lamne’, tund di(inle ire iniethamie
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I H. T. Magmiussemi and B. P. Schoemibormi, un-

ramblisheel observations.

G5

.b.

FIG. 2b. Probable structure of the derivative, (lepiclilig a(l(litio!i of (lichloroinelhane 011(1 likely po.sitioiis

of side chains of phenylalanine H14 and leucine G5

nmolecules of increasing size cause immcreasinng

deformmuatiomm at the sarime binding site.

Ethnanne, ethylene, acetvlemne, kryptonn, and

nitrous oxide, mmith similar van der Waals

radii amid polarizahility (Table 1), dci riot,
however, binmd tel nuuye)glohini.3

Previous observat kins have established

that xenomi ammd cyclopropane bind at. the
same l(Icaticlmm inn myelgle)himn arid that the’se

compoumuds affect. the CO affinity svith inn-

creasing muagmnitude’. It is now sugg(’sted that

the still larger dicimlelronue’timane, mvimich
biimds at the same site, increases time’ CO

affinity still further. Timis nimny accelummt for

the olbsc’rvations eif Stesmmnrt o’t til. (1).
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