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ABSTRACT
UNSATURATED FAT OXIDATION I BONE MARROW HOWOGENATES
by

Marian W, Kies and Ann Webster

Because of the high fat content of bone marrow and the fact that the
tisrue is so important metabolically, a study was undertaken of the oxida-
tion of certain fatty acids and their derivatives in bone marrow., The une
saturatcd long chain fatty acids were investigated because less is known
of their physiological fate than that of the saturated acids, although the
susccptibility of the unsaturated fats to oxidation in the presence of heme
derivatives has beon sugrested as a basis of their function, Also of inter-
c¢st wag the possible cxistence in animal tissue of an enzyme similar to the
plant enzyme, li~ocxidase,

Linoleic acid and rclated compounds have been found to inercase the
oxygen uptake of bone marrow homogecnetcs. 4 component of bone marrow fot
also inercascs oxygen consumption of marrow preparations. Since a compound
similrr to linoleic acid is known to bc pr-sent in bone marrow fat, it is
suggested that the oxidation of this compound may play 2 role in bone
marrow metabolism,

Linoleic acid oxidation by bone marrow preparations is probably not
enzymstic bocause the sctive principle is heat stable, In view of the
erythropoictic function of bone mrrrow, 2 hemin-typc catelysis is suggested,
Like many heme protcins rosponsible for other typcs of catalysis in animal
tissuc, this catelyst is inhibited by cyanide. Such inhibition is not
considcred proof that the substance is a heme derivative.

The fact that the resction is non-chnzymatic does not detract from
its possible importance in bone marrow metabolism., Coupled oxidation
reactions in lipoxidase end fet -utoxidation systcms are well-known and
may also occur in bone marrow, Fat peroxide, vhich acocumulatcs in
honogenized marrow under certein conditions, could scrve as the peroxido
donor in a peroxidosc systim and might be of some importance in this
respect,

Preliminory fractionation experiments indicatc that the oxidative
catslyst s wotor~-soluble 2nd con ensily be seprroted from the hemo-
globin in bone merror extracts by saturaztion -7ith potassium dihydrogen
phosph:te,

UNCLLSSIFIED



| ORNL - 103
UNSATURATED FAT OXIDATION IN BONE MARROV HOMOGENATES

by
Marian W, Kies and Amn Webster

Considerable work has been done on the fat content of bone marrow
and its physiological and pathological variations, but very littie atten-
tion has been paid to the possihle significance of fat in bone marrow
metabolism,. Krause (1) has studied the effecct of anemia on the fat content
of marrow, Barron and co-workers (2) in a recent article stated that fat-
ty acids increased the in witro respiretion of bonc merrow but gave no de-
tails as to the comuounds tested, Other studies of bone marrow respiration
have been concerned more with carbohydrate than with fat metabolism (3, 4).
Because of the high fat content of this tissue,figures in the literature
(1, 5, 6) vary from 20 to & per cent or more depending on the origin of
the bone marrow, the condition of the animal, the method of extraction,
etc,-and because of the fact that it is so important metsbolically, a study
was undertzken of the oxidation of certain fatty acids and their deriva=
tives in bone marrov,

The unsaturated long chain fatty acids were investigoted since less
is known of their physioclogical function than that of the saturated acids -
{cf. Lehninger!'s work) (7)., Although very little is known of the place in
animal metabolism occupied by the nutritionally esscntial fatty acids
(linoleic, linolenic and arachidonic) their susceptibility to oxidation in
the presence of hemin and heme derivatives has been suggested as a basis
of their function (3), Also of intercst ig the possible existence in
animal tissue of an senzyme similer to the plant enzyme, lipoxidase, which

UNCLASSIFIED
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has been shown by Balls, Axelrod and Kies (9) to oxidize specifically only
those unsaturated acids which contain a series of methylene interrupted
double bonds. This cbservation was confirmed by Burr and Holman (10), Hove
(11) has published data showing the presence of a lipoxidase-type enzyme
in gastric mucosa,

EXPERIMENTAL

The oxygen uptake of bone marrow is not great compared t6 that of other
animal tissues, but it is nevertheless of sufficient magnitude to study in
the conventional Warburg apparatus, Mixed fresh marrow obtained from the
long bones of normal rabbits was used in the oxperiments, as well as marrow
which had been frozen ard stored at =36 C. Some of the frozen marrow was
lyophilized and extracted with petroleum ether for further study,

The animals were killed by a blow on the head, the long bones removed,
the ends of the bones cut off with bone cutters, and the merrow blown out
of the bones with compressed air (this means of obtzining the marrow without
much damage to the structure was suggested by Huggins (6) and considerably
shortened the time spent in collccting the tissuc,)

Choracteristics of Rong Merrow Fat: Since the fat content of bone

marrow has been the subject of several publications (1, 5, 6) no attempt was
made to study this extensively. For purposes of comparison however, several
preparations were weighed before lyophilization and the weight of fat ob-

tained from the various samples was recorded, The values are given in Table I,

Table I
Fot Contont of Various Rebbit Morrow Preparations
Wt, of Fresh lMarrow Wt, of Fat Todine Value
gl e
1.5 0.4 -
5.8 1,8 135
4o 1.6 117
s 3.1 116
3.0 1.9 -—-
2.3 0.9 -
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1/
Petroleun ether was used as the solvent, The tissue was lyophilized,

coarsely ground and left standing under petroleum ether overnight. The
residue was then homogenized with fresh solvent and filtered, Traces of
solvent were removed in vacuo and the dry tissuc stored at 5° C. The ether
was removed from the fat by evaporation et room temperature, the last traces
being removed by evacuation as before, The fat was then stored at =36° G,

The iodine values given in Table I were detcrmined with the Rosenmund-
Kuhnhenn reagent which consists of pyridine sulfste dibromide (13),

One sample of bone marrow fat was obtained by stirring an ice=-cold
homogenate for an hour or more until the fat formed a ceke on top of the
liquid and around the stirrer. The fatty layer was washed with water and
suspended in acetone, Only a very small portion dissolved and this
acetone-soluble fraction had arn iodine value of 129, The presence of fatty
acids more unsaturated than oleic acid is indicsted by the iodine values
found for the different samples of bone marrow fat, This was verified by
heating the sample with KOH in glycerol to isomerize any linoleic, linolenic
or arachidonic ecids present (14)., The ultra-viclet absorption of 50 mg.
bone marrow fat treated in this menner was almost identicsl with that of
10 mg. isomerized linoleic aecid (Fig, 1). The presence of linoleic acid
in ox bone marrow fat was observed by Hilditch (15) who cited the similarity
of bone marrow fat to perinephric and rurp fets., Cheng's (16) d=ta also
indicated the presence of a fatty acid more unsaturated than oleic, but
he did not identify this fraction,

Bone Marrow Respiration--Effoct of Fats and Fatty Acids on Oxygen

Uptake: Most of the respiratory studies wore done with bone marrow homow
genized in 10 volumes of water with a glass homogenizer. Homogenization

in dilute phosphate buffer did not alter the rate of oxygen uptake, All

1/ Purified by tresting with alumina to remove the peroxides, (12)
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respiration studiecs were carried out at 37° C, with eir as the gas phasec,
Values given in the tables are averages of duplicate decterminations, unless
otherwise stated. If the duplicates did not agree within 10 per cent, both
values are given, The total volume in each flask was 4 ml, and the amounts
of tissue and reagent used in this volume asre specified in the footnotes
under each tazble and figure. The phosphate buffer and acetone concentra-
tionsare final concentrations after dilution to 4 ml,

There was considerable variation in the oxygen uptake of marrows ob=-
tained from different animals, Attempts to show that this variation was
due to the mode of handling the samples were unsuccessful. It wes finally
concluded that the veriation was inherent in the animals themselves (see
Warren (17) ). BExcellent agreement among aliquots of a single preparation
was obtained, and conclusions wsre drawn therefore from comparative ree
sults obtained with the same tissue preparation.

The effect of added linoleic acid on oxygen uptekc of bone marrow
homogenates was marked and consistent. Regardless of the extent of resid-
ual respiration, additi-n of linclele acid either in acetone solution or
in dilute alkali, incrcused the oxygen uptake several hundred per cent,
(Sec Tables II - VIII, and Fig., 2). The offcct of lincleic ceid was more
striking when lyophilized, defatted marrow was uscd because the residual
respiration was small, Bone marrow fat was also capable of stirulating
oxygen uptake of the fat-free residue and, under certain conditions, the
respiration of fresh marrow fractions (Table II), The susceptibility of
bone marrow fat to oxidation by various bone narrow preparations was not
as great as that of linoleic acid, This may be attributed to various
factors--the low concentration of unsaturated substrate in bone marrow
fat; the greater solubility of the frec =cid, the possibility of fate

soluble inhibitors in the bone marrow fat samples, ote,



Table II

Oxidation of Bone Marrow Fat

ORNL -~ 103

Oxygen Uptake

enn, per hour

in,)
1"

10 mg. boue marrow regidue 1/ 6
Uitte, plus 4 meg. linoleic acid 39
Ditto, plus 26 mg. bone marrw fat 2/ 48
10 mg. bone narrow residue plus 23 mg. hone narrow
fat 2/ 34,42
0,25 nmg. homin from rabbit biood plus 23 me, bone
nerrow fat 38,48
23 mg. bone marrow fat zlone 3
10 rng, bone narrow residue plus 20 mg. linoleic acid 97,78 (in 10 n
0,25 mg, herin plus 20 mg. linoleic acid 3/ 92 (v ®
1 ml, 1-10 extract of homogsnized marrow 7
Ditto, plus bone marrow fat 4/ 77,41
Equiv, inscl, nmateriszl inactive
20C ng. bone marrow homogenized in ice wator so that
fatty layer scparatzd (10 per cent acetone in flasks) 16
Ditto, plus equiv, amt, »f separated fat Aissslve? in
acetone 42

7.6 (10 per ecent ecetone),

SIS

Lyophilized, defatted residue suspended in 4 ml, 0,025 J phosphate, pH

Fat extracted fror lyophilized marrow with petroleum ether, After the
solvent was evaporated, the fet was suspended in acetone and filtered,
10 per cent acetone in the bone marrsw flasks, Linoleic zeid dissolved
in dilute sodium hydroxile, 0,075 M phosphate pH 6.7, in all flasks.,
Ice-cold homogenate stirred until fatty layer separated, The fat was

suspended in acetone and filtered, 40 per cent of the acetone-~soluble

fat originally prosent in 1 ml, homogenate was uscd,
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Table VIII

Bone Marrow Fractionation

Oxygen Uptake ‘
(emm, per hour)

No substrate L mge linoleiec acid
A. 1 ml, 1-10 homogenate of bone nar-
row y 0 73
B, 1 ml. extract of 4 0 67,77

(B. was szturated with KHpPOs, left 24

hrs, at 5° C.,2/ and centrifuged. The

supernatant retained all of the original

color. The small amount of gray pre-

cipitate was redissolved in dilute NaOH

(pH 10-11), the solution (C) neutralized

to pH 7.5 and diluted to volume of

original extract.

. 1 ml. solution 0,4 55

(Solution C. was saturated with KHoPO,,
and ppt. redissolved as before (C-2).

———

C-2 1 ml, soluti-n 3/ 10,14 70
1 nl., solutisn heated, <0-10C,, 1 nin, 71
1 nl, sclution in 0,02 i NaCn 5/ 33,38

In 4 ml. 0.025 M KHoPO, (10 per cent acetone). Same eonditions through=
out,

Saturation with NaCl did not cause any procipitation; 0.5 saturated
anmnoniun sulfate precipitate was about 3/4 as active as the KH2PO,
precipitate; 50 per cent acetone precipitated about half the activity
but also brought down all the color in the original extract,

3/ 1 ml. of this solution containcd just enough protein to give a turbidity
when diluted with 10 ml., 2,5 per cent tricholoracetic aecid; 1,5 ml, did
not give a prsitive test for ireon by the Kennedy procedure (25),

Oxygen uptzke determined swith alkali in the center well. R. Q. determined
by the "direct methol" was 0,2 for this reactisn,

No alkali in center wells, Cyanide solution was freshly prepared and
neutralized before use,

R K

SN
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Other unsaturated fatty acids and esters also enhanced the oxygen uptake
of bone marrow homogenates in vitro (Table III). As was expected from pre=-
vious work on the catalytic specificity of hemin and lipoxidase (8, 9) the
esters of linoleic and linolenie acids behaved like linoleic acid., The re= -
sults with oleic acid were variable, It is ordinarily not as active as the
more unsaturated acids in oxidation experiments and the stimulation of bone
marrow respiration by oleic acid shown in Expt. 2 in the table was a little
surprising., This marrow was darker cclored than the usual preparations and
showed =2 higher residusl oxygen uptake, Later experiments with other marrows
did not show any aporccicble oxidetisn of oleie acid,

It should be noted that it was necessary to include acetone in ex-
periments on bone marrow fat and the unsaturated fatty esters in order to
obtain adequate emulsions, Early experiments indicated that acetone alone
enhanced the oxygen uptake of bone marrow although this inerease was never
as great as the effect of the unsaturated compound tested, It was assumed
that this «ffect of acetone might be due to its influence on the emulsifi-
cation of the bone marrou fat present in the sample, However, the influence
of acetone was variable, ranging a1l the way from a marked increase in oxye-
gen uptake to a definite depression, In all experiments which required the
use of acetone as a fat solvent, egquivalent volumes of acctone were added
to the controls.

Effect of Hydrogen Ion Conggniration on Bone Marrow Respiration:

Several of the expcriments recorded in the present study were carried out in
the presence of acid phosphate because it was found that the oxygen uptake of
bone marrow was considerably snhanced by the addition of either acid phos-
phate gr dilute hydrochloriec acid (Fig., 3). The experiment summarized in
Fig. 3 did not include a compariszon of phosphate and HCl s the acidifying
agents. Data from other sxperiments proved that thz stinulation was a pH

effect independent of the pressnce of phosphate,
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Table III

Oxidation of Pure Unsaturated Fatty Acids and Esters by Bone Marrow Preparations

Substrate Oxygen Uptake
(cmm, per hour)
Control 1/ 0
3 mg. methyl oleate 5
3 mg. methyl linoleate 29
3 mg., methyl linolenate Vs
3 mg, oleic acid 20
3 mg. linoleic acid 32
Control 2/ 40
4 mg. oleic acid 205
4 mg, linolecic acid 300
4 mg. methyl linoleate 192
4 mg, methyl linclenate 156,227
Contral 3/ 9
4 mg, oleic acid 17
4 mg, linoleic ecid 48
Control 4/ 3,12
4 mg., oleic aeid o, 8
4 mg. linoleic acid 42 (single value)

1/
2/

3/

&

100 mg freshly homogenized marrow, suspended in 4 ml. 0,025 M phosphate,
pH 7.3 (10 per cent acctone),

200 mg, freshly homogenized marrov, suspcnded in 0,025 M KH2P04

(10 per cent acetone), final pH 6,0-6,2,

100 mg. freshly homogenized marro, suspended in 0,025 M KH5PO,,
Linoleic and olelec zcids dissclved in dilute sodium hydroxiéu éefore
adding to the buffered homogenate, Final pH 6.0-6,2,

100 mg. homogenized marrow suspended in 0,025 M KHoPO

(10 per cent acetone), This was the same marrow as 2/, frozen 24 hours
before the experiment., '

The compounds tested were obtained from Hormel Foundation., All showed no
autoxidation in one hour under the conditions tested.
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Effect of Reagents Other Than Fets on Bone Morrow Respiration: The

homogenat:s used in this series of experiments had a lower Q-02 than other

workers have gound for bone marrow but this was not unexpected, because

nmost of the experiments reported previously have been carricd out on tissue

slices or cell cespersions., Because of the well-known effect of cytochrome

¢ and adenosine triphosphate on respiration of tissue homogenztcs, the two

compounds were added to homogenized bone marrow to test their effect on

its oxygen uptake, 0,5 mg. cybtochrome ¢ per 100 mg., freshly homogenized

bone mzrrow had no influence on the rate of oxygen upteke, The stimulating

effect of adenosine triphosphate is shown in Fig, 4 Barron (2) states

that they found only 2 slight enhancement of bone marrow respiration with

this compound. 1In vicew of the variability of the residual respiration of

different marrow preparations, it is probeble there are elso variations in

the concentrations of vari»-us physiologiccl eonstituents of the tissue,

and this night account for the discrepancy between thesc results and Barron's,
tnother comprund known to have a narked stimulating effect -n the

oxidati-n of lipids by vorious tissues is ascorbie acid (19, 20), No

evidenec of a similar type of catalytic oxidation in bone marrow honogenates,

with or without adled linoleic aeid, was found (Table IV),

Inereased bone merrow rospiratisn in the prescnce of serun is well
¢stablished, Warren (17) has shown that the active principle is present
in the ultrefiltrate of serum and is organic in nature. Although this
phenonmenon was n>t obscrved c-msistently in our experiments, there was
one noticeable effcet »f serum, as shown in Teble IV, that is, inhibition
of linoleic acid oxidation. This may be caused by combination between
linoleic acid end the scrum proteins or (in Expt. 3, at least) it could

be caused by complexing of the substrate with traces of hemoglobin present.
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Table IV

Effect of Ascorbic Acid and Serum on Bone Marrow Respiration and
Linoleic Acid Oxidation

Cmm, Oxygen Uptake

1 hr, 2 hr,

Bone marrow alone 1/ 19
Ascorbic acid alone 34
Linoleic acid alone 5
Bone marrow plus ascorbic acid 22,27
Bone marrow plus linoleic acid 57
Bone marrow, ascorbic acid and linoleic scid 66
Ascorbic acid plus linoleic acid 24
2 nl, 1-10 homogenate of bone marrow in scrum 2 12 27
Ditto, plus 4 mg, lincleic acid 14 31,24
2 ml, 1-10 homogenate of bone marrow in 0,9 per (single

cent NaCl 3 12 values)
Ditto, plus 4 mg., lincleic acid 72,32 360,298
2 nl, serum V ' 0 " 1,6
Ditto, plus 4 rg, linolcic zeid 2 )
1 ml, 1-10 dispersion of bonre marrow in serum 3/ 6 14
Ditto, plus 4 mg. linoleic acid 76 123
1 ml, 1-10 dispersion of bone merrow in water 6 9
Ditto, plus 4 ng. linoleic acid 150 _12
1 nl, serun 15,5 8
Ditto, plus 4 mg. linoleiec acid 106,85 117

1/

2/
3

200 ng, freshly homogenized marrow suspended in 4 ml, 0.025 N
phosphate, pH 6,7, 1 mg, ascorbic acid and 4 mg linoleic acid, as
specified, Same buffer used in all flasks,

Dilutions were made with physiological saline to prevent hemolysis

of any red cells present.

Bone marrow susponded in scrum or water and the cells disporscd

simply by shaking by hend, The linoleic 2c¢id oxidation obscrved in
this serum sample wes undoubtedly caused by hemoglobin, since conditions
perrmitted hemolysis of any red cells prosent,
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Accurulation of Fat Peroxide in Bone Marrow Homogenatsgs: Since une

saturated fatty acids and estcrs enhanced the oxygen uptake of bone marrow
homogenates, an attempt was made to isolate the fat fraction after incu-
bation to determine whether the extra oxygen had gone into fat peroxide
formetion. This was also done in experiments which did not involve the ad-
dition of substrate. Several methods of fat extraction were tried, but
none were entirely satisfactory. Any quantitative correlation between ox-
ygen uptake and peroxide formation in bone marrow would require more in-
tensive study of the oroblem of fat extrcction. As shown in Figs. 2, 3,
and 4 the ultraviolet cbsorption spectra of the extrects indicate increased
peroxide formation with increascd oxygen uptekc, but the figures cannot

be interprcted quantitatively,

Heat Stability of Oxidative Catalyst in Bone Marrows The substance

in bone marrow responsible for unsaturated fat oxidation is quite different
from the well~known plent lipoxidascs in its stability to heat (Table V),
In this respeet it is siniler to a faot oxidative catalyst isolated from
liver by Libet & Elliott (19).

Cyanide Inhibition of Linolele Acid Oxidstion: Although cyanide is

generallly considered to be a specific inhibitor for enzymetic or cat-lytic
systoms depending on henin derivatives for their activity, it has becn
shown (21, 22, 23) that hcnin-catalyzed unscoturated fat oxidation is not
inhibited by cyanide, It is intercsting to note, however, that in the
present series of experinents the increased respiration caused by addition
of linoleic azcid to bonc merrow homogenates is completely inhibited by
cyanide whereas the residual respireotion is only partially inhibited

(Table VI).
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Table V

Heat Stability of Oxidative Catalyst in Bone Marrow

Oxygen Uptake
(emm, _por_hour)

Unheated Heated 1/
100 mg. frozen bone marrow, homogenized
sugpended in 4 nl, 0,025 M phosphate,
pH 7.6 (10 per cent acetone) 27, 39 47,68
Ditto, plus 4 mg. linoleic acid 130,162 133
2 nl, 1-10 extract of slicecd bone marrow
2/ plus 4 ng. linoleie acid 62,75 69,80

1/ sarplc was hestoed with stirring in a water bsth. About 4 min, were re=-
quired to raise the temperature to $0° C,., and the sample was left in
the beth 1 min, after the water started to boil. Re-homogenized after
heating,

2/ Extraction nore corplcte than usual, approximating the results obtained
when bonc marrow was horogenized before extraction,

Table VI

Effcet of Cyanide on Fatty Acid Oxidation in Bone Marrow

Cruz, Oxygen Upteke per Hour

..... 0,02 MY NaON 1/

200 mg, freshly homogonized bone rarrow

suspsnded in 4 ul, 32,47 20
Ditto, plus 4 mg, linoleic ccid 119 35
10 ng. bone merrow v»-cidye suspended in

4 nl, 2/ 0,025 N phosphate, pH 7.6

(10 per cent acetone) 6 7
Ditto, plus 4 mg, lincleic acid 39 6
Ditto, plus 26 ng. bone marrow fat 2/ 48 19

1/ Final concentration. Cyanide solutions ere freshly prepared and
neutralized before use, The use of cyuznide in the center well to
prevent diffusion of HCN from the main space, as deseribed by Robbie (24),
made no difference in the evtent of cyanide inhibition,

g/ See Teble 1I,
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Effect of Aging and Dialysis on Respiratory Activity of Bone Marrow

Homogenates: Much has been said about the importance of using freshly pre=
pared homogenates in studies of tissue respiration. The variebility obsecrved
in bone marrow respiration during the course of this work led to some experi-
ments on the effeet of aging on oxygen uptake, The results were entirely un-
expected--instead of causing a decrcase in the respiration of the homogenats,
storage at 5% C. for 24 hours caused a marked increase (Table VII).

Table VII

Effect of Aging and Dialysis on Respiratory Activity
of Bone Marrow Homogenstes

Oxygen Uptake
(crmm. _per_hour
No gubstrate 4 mg. linoleic acid

Y

200 mg. homogenized bone marrow 25 99,77
Same homogenate after 24 hrs. at 5° C. 88 158,121
Same homogenate after dialysis apainst

distilled water, 24 hrs., 5° C. 143 121
Same homogonate after 72 hrs., Diclysis 168,137 112

1/ Suspended in 4 ml. 0,025 M KHyPO, (10 per cent acetone) for experiment.
No phosphate added during zging and dialysis,

Dialysis, which is known to remove substrates available for ordinary tissue
reospiration, only ssrved to increese furthoer the oxygen uptake of the aged
sample. After dialysis addition of linoleic acid no longer caused an in=
creese in the oxygen uptake of the howogenzte, but actually depressed the
augnented respirztion observed in the dialyzed homogenate,

Fractionation of Bone Marrow: The catalyst responsible for the oxi=

dation of linoleiec acid in bone marrow was found to be associated with solid
material when bone marrow slices were extracted. When the tissue was homow
genized before extraction, presumably destroying the cell structure, a large

part of the activity was found in the cxtract, That this zetivity was
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not associated ~ith the hemoglobin present in the extract was shown by the
fractionation procedure outlined in Table VIII,
SUMMARY AND CONCLUSIONS

Linoleic acid =znd related fatty acids and esters have been found to in=
crcase the oxygen uptake of bone marrow homogenates. The petroleum ethere
soluble fraction of lyophilized marrow also inereascs oxygen c-nsumption of
rarrow preparations, Since a comwound similszr to linoleic acid is known to
be present in bone marrow fat, it is suggested that the oxidation of this
compound may play =2 role in bone marrow metabolism.

In the present study no attempt has becn made to differentiate the var-
ious fractions of bone marrowy fat, The bone merrow fot referred to in Table
II consisted of the acetrne-soluble fractiom of the total lipids,

The oxidation of linoleic acid by bone marrow preparations is probably
not enzymatic in naturc because the aetive principle is heat stable., In
view of theergthronoietic function of bone merrow, a hemin-type catalysis

is

W

uggested, Like many hene protceing responsible for othor types »f

cetalytice reccti-ns in animal tissuc, the catalyst is inhibited by cyanide,

Such inhibition is not considered proof that the substance is a heme derivative,
The fact that the recction is non=cnzymetic docs not detract fron its

possible dmportznce in bone marrow netsbolism, Coupled oxidation rsactions

in lipexidase and fat autoxidation systers arc well-known and nay also oceur

in bone marrow, Feot peroxide, which accurulates in horogenized marrow under

certain conditions, could secrve as a peroxide Jonor in a peroxidase system

and might be of some importance in this respect,

Prelininary fractisnation experiments indicate that the activity is

distinet from the hemncglobin prescnt in bone marrow extracts,
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