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SUMMARY 

Subcellular distribution and cofactor requirements of the 
alkylglycerol cleavage enzyme system of rat liver have been 
investigated. The bulk of the enzyme system could not be 
removed from the microsomal fraction by washing proce- 
dures. Reduced glutathione (10 mM) increased the extent of 
the reaction 5-fold. The optimal concentration of ammonium 
sulfate was 4.8 mM. Ammonium ions increased the extent of 
the reaction and in addition appeared to activate the enzyme. 
Several other cations and anions did not stimulate the en- 
zyme. Reduced pteridine was absolutely required for en- 
zyme activity and the optimal concentration was 1.25 mM. 
The cleavage activity was stimulated 1.2-fold by NAD+ or 
NADH; NADP+ and NADPH had no effect. In the presence 
of near optimal concentrations of all known cofactors, rat 
liver-soluble fraction stimulated the cleavage activity 1.4- to 
1.5-fold. The stimulation was produced by a heat-labile, 
nondialyzable component. The optimum pH for the reaction 
is approximately 9.0. In the absence of added pyridine nu- 
cleotides the long chain products of the cleavage reaction are 
aldehydes. Fatty acids were formed in the presence of the 
reduced as well as the oxidized nucleotides in this crude sys- 
tem and fatty alcohols were isolated only in the presence of 
NADH. 

Preparations from livers (l-3) and intestines (2) of mammals 
and Telrahymena pyrijonnis (4, 5) possess enzymes which oxida- 
tively cleave the O-alkyl bond in glycerolipids. Existence of t,he 
cleavage system ha:: also been implicated ill the dogfish liver 
(Squalus acanthius) (6). 

In general, neoplastic cells, rich ill ether-linked lipids, exhibit a 
very low level of cleavage activity (7). Howcvcr, two poorly 
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differentiated rat hepatomas that closely resemble normal liver 
and that are relatively poor in ether-linked lipids (8) did possess 
cleavage activity, the act.ivity of the slowest growing hepatoma 
being nearly equivalent to that of rat liver. 

Initial studies by Tieta et al. (1) indicated that oxidative 
cleavage of the alkyl ether bond by rat liver microsomes occurs 
according to the following reaction. 

l-O-hexadecylglycerol + O2 + Pte.H41 

+ hexadecanal + glycerol + Pte.H, + HZ0 

They proposed hydroxylation of the first carbon of the alkyl 
chain as the initial step in the cleavage of glyceryl ethers and 
spontaneous breakdown of the resulting hemiacetal to yield 
glycerol and fatty aldehydes. The role of the reduced pteridine 
is thought 60 be analogous to that in the hydroxylation of phenyl- 
alanine by phenylalanine hydroxylase. Thus, the reduced pteri- 
dine participates as a cosubstrate and reduces 1 atom of the oxy- 
gen molecule to water while the other atom hydroxylates the 
substrate. 

Subsequently, Pfleger and coworkers (2) found that a portion 
of the enzyme was removed from the microsomal membranes by 
extensive washing and they isolated the “solubilized” proteins 
possessing the enzymic activity. However, they did not explore 
the recovery or distribution of the enzyme following solubiliza- 
tion. Even though the work by Tietz et al. (1) revealed that the 
bulk of the cleavage enzyme was in the microsomal fraction, it 
showed that a protein component from the soluble fraction was 
necessary to elicit full a.ctivity from the washed microsomal 
fraction. It also demonstrated that a second protein fraction 
containing pteridine reductase was present in the soluble fraction; 
this auxiliary enzyme catalyzes regeneration of the reduced 
pteridine substrate from NADPH. 

The effect of the oxidized and reduced pyridine nucleotides on 
the activity of the cleavage system has not been studied in de- 
t)ail . To some extent, attention has cent’ered on the effect of the 
nuclcotides on the ausiliary enzyme systems which include the 
pteridine reductase and the enzymes that oxidize or reduce the 
initial product of the react,ion, the fatty aldehyde (1, 2). Since 
the quantity and t,ype of products formed are dependent on t,he 
nucleotides present, the velocity of the cleavage reaction can be 
determined under various conditions only when substrate dis- 
appearance is measured. Previous workers have usually used 

1 The abbreviation used is: Pte.H+ 2-amino+hydroxy-6,7- 
dimethyL5,6,7,%tetrahydropteridine. 
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TABLE I fractions were stored in 0.25 M sucrose at, -20”. Protein con 
Subcellular distribution of alkylglycerol cleavage activity in rat liver tent of the fractions was analyzed by t,he method of Lowry et at. 

Fraction 

Nuclear mitochondrial. 45.0 2.24 
Microsomal soluble . 120.0 2.04 

Microsomal............... 36.0 1.15 
Soluble. 110.0 3.00 
Microsomal* 33.5 0.710 

First wash. . 84.0 0.416 
Second wash. . 84.0 0.068 
Third wash.. . 84.0 0.018 
Fourth wash. . . _ . _ . . 84.0 0.012 

I 111‘). 
‘- ’ 1-O-[l-“CJHexadecyl- 

lycerol cleaved per 10 min In capless glass vials reaction mixtures were incubated in 
duplicate in a 37” water bath with shaking. The st,andard reac- 

Volume 
r 
I 

IIKU- 
bated 
Per 

eaction 
nixture 

Total 
activity 

Speciiic 
activity 

&moles/ nmoles/mg 
fraction protein 

1.13 2.23 
44.7 3G.5 

33.7 81.3 
0.850 1.17 

21.1 88.7 

1.31 16.8 
0.467 36.8 
0.187 55.G 
0.000 0.000 

n The indicated amounts of protein from the various fractions 
were incubated in the standard reaction mixture, which is dc- 
scribed under “Methods.” 

b Microsomal fraction after 4 washes with 0.25 M sucrose-O.125 

M Tris-HCl-0.001 M EDTA buffer solution. 

fatty acid or aldehyde production as an index of cleavage ac- 
tivity (1, 2). 

In contrast to the rat liver 0-alkyl cleavage enzyme, the 
Z’etrahymena system produces primarily long chain acids even iu 
the absence of NAD+ (5) and small am0unt.s of an alcohol-like 
compound containing both the glycerol and alkyl moieties of the 
original doubly labeled substrate. This alcohoI-like compouud 
could possibly be an intermediate in the degradation process. 

Because of the apparent role of the cleavage system in regulat- 
ing cellular levels of alkyl glycerolipids, we wanted to establish 
the optimal assay conditions for evaluating the existence and ac- 
tivity of the enzyme. This approach led to re-examination of 
the subcellular distribution and cofactor requirements of the 
0-alkyl cleavage enzyme of rat liver and to a study of some of 
the other catalytic properties of the enzyme. 

EXPERIMENTAL PROCEDURES 

~MaterkZs-The sources of the chemicals used were: GSII and 
dithiothreitol, Sigma Chemical Co. ; Pte. Hq. HCl, Regis Chemical 
Co.; (NH&S04 (enzyme grade), Mann Research Laboratories; 
pyridine nucleotides aud glucose-6-P dehydrogenase, P-L Bio- 
chemicals; mercaptoethanol, Eastman Organic Chemicals; and 
cysteine.HCl, Fisher Scientific Co. All other reagents used 
were analytical reagent grade or better. The substrate, l-O- 
[I-r4C]hexadecylglycerol, was synthesized according to the method 
of Oswald et al. (9). Lipid standards for thin layer and gas- 
liquid chromatography were purchased from the Hormel Insti- 
tute, Supelco, Inc., aud Applied Science Laboratories. The 
alkylglycerol standard (selachyl alcohol) was obtained from 
Western Chemical Industries, Ltd. The livers used in this study 
\vere obtained from female rats (250 to 300 g) of the Cobb strain. 

For further identification the radioact,ive products were iso- 
lated by thin layer chromatography from the lipids extracted from 
the incubation mixtures. Standard reaction mixtures were in- 
cubated I hour with NADH to produce sufficient amounts of 
fatty alcohols for identification procedures. Fatty acids were 
isolated from standard reaction mist,ures containing NAD+, 
and fatty aldehydes were obtained from st.andard reactiou mis- 
tures with no nucleotides present. The derivatives formed were 
methyl esters of the fatty acids and dimethylacetals of the fatty 
aldehydes as prepared by Farquhar (15) and isolated by Morrison 
and Smith (16) ; the acetates of the fatty alcohols were prepared 
by t.he m&hod of Privett and Nut,ter (17). Analysis of these 
derivatives by gas-liquid chromatography was done by collect- 
ing the efhucut of the splitter (9: 1) in three fractions correspond 
itig to t,he chain lengths eluting before, during, and after an 
authcutic C-16 derivative. The radioactivity of each fraction 
was determined by liquid scintillation counting. 

RESULTS AND DISCUSSION 

;IletbodsSubcellular fractionation of rat livers was done by Subcellular L)istribution--Arlalysis of the tota ether-cleaving 
conventional differential centrifugation techniques (10). The activity in subcellular fractions of rat liver revealed that the 
microsomal fraction was washed 4 times with 0.25 M sucrose-O.125 microsomal soluble fraction possesses 9x0;) and the nuclear mito- 
31 Tris-HCl-0.001 M EDTA buffer solution, pH 7.5, in order to chondrial fraction only 2 c/0 of the activity (Table I). Fractiona- 
remove cont,aminating ions and soluble fraction proteins. All tion of the postmitochondrial supernataut fraction yielded 98% 

tion mixture contained borate-KC1 buffer<40 rnM each), (NH&- 
SO, (24 InM), GSH (10 HIM), PteGH4.11C1 (0.75 mM), l-O-[l- 
W]hexadecylglycerol (0.35 mM; specific activity, 0.14 PCi per 
pmole), and microsomal protein (1.15 mg) in a final volume of 
1.0 ml. Unless otherwise stated, all reaction mixtures were 
adjust,ed to pH 9.0 before the addition of 1-O-[1-i4C]hexadecyl- 
glycerol which initiated the reaction. The 14C-labeled substrat.e 
was suspended in ‘20 ~1 of propylene glyco1. All samples were 
incubated for 10 min unless indicated otherwise. The data ob- 
tained in eight experiments show that the mean plus or minus 
one standard deviation of alkylglycerols cleaved in the standard 
reaction mixture in 10 min was 92 + 10 umoles. The reaction 
was terminated by extracting t.he lipids with the use of the Bligh 
and Dyer procedure (I 2). The upper phase was extract,ed with 
chloroform a second time to obtain complete removal of all 
lipid radioactivity, Control incubations for enzyme act,ivity 
were performed in which chloroform and methanol were added to 
the reaction mixture prior to the radioactive substrate. 

Ether bond cleavage was determined by thin layer chromato- 
gra.phic analysis of an aliquot of the total lipid extract. Silica 
Gel G layers (250 Mm thick) were used as t’he adsorbent and de- 
vcloping systems consisting of hexane-diethyl ether-glacial 
acetic acid (60:40:1, v/v) or benzene were used to separate the 
substrate and products. Lipid standards were chromatographed 
adjacent to the lane comaining the lipids extracted from the re- 
action mixture. Radioassay by area scraping and zonal profile 
scnnnitrg of the separated lipids on thin layer chromatoplat,es has 
been outlined previously (13). Results are reported either as 
amount of substrate utilized or products formed. Liquid scintil- 
lation counting (14) was done in Packard Tri-Carb spectrometers 
(models 514E, 3002, and 3320) having i4C-counting efficiencies 
ranging from 45 to 65%. 
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of the activity in the microsomal fraction and 2% in the soluble 
fraction. Even though these enzyme assays were done under 
optimal conditions as established in this paper, there is an ap- 
parent loss of activity when the microsomal and soluble fractions 
are separated. The sum of the total activities of these two frac- 
tions is only 78% of the activity when they are assayed combined. 
Only 6% of the total protein of these fractions was lost during 
the isolation procedures. The loss of activity can be attributed 
to a requirement by the microsomes for the presence of the solu- 
ble fraction as will be shown in a later section. Tietz et al. (1) 
also noted that a fraction from the soluble fraction isolated by 
(NH&SO, precipitation stimulated the microsomal enzyme. 

Washing the microsomal fraction 4 times with the sucrose- 
Tris-I-ICI-EDTA buffer solution removed some of the ether- 
cleaving activity from the microsomes, but not all of the activity 
lost from the microsomes was recovered in the washings. Of the 
activity recovered, 92% was in the washed microsomal fraction 
and 8% in the four washings of the microsomal fraction. The 
total activity recovered represents 68% of that present in the 
original microsomal fraction. In this instance, the loss observed 
is due primarily to loss of protein, since only 81 y0 of the protein 
was recovered in the microsomes and the four washes. 

. . Specific activity calculations show that the rat liver micro- 
somal fraction is richest in this enzyme system (Table I). The 
specific activity of the washed microsomal fraction is higher than 
that of the unwashed microsomes. In addition, the specific 
activity data indicate that the solubilized enzyme in the washes 
would appear to be a good source of the enzyme for purification 
and subsequent characterization. However, the data expressed 
as total activity per fraction demonstrate that the microsomal 
fraction is the main source. Thus, the present study shows that 
the bulk of the activity is not removed from the microsomes by 
washing. Mechanica. fragmentation during resuspension and 
mashing of the microsomes probably accounts for failure to re- 
cover all of the microsomal activity in the pellet after centrifu- 
gation. The extensive washing procedures used in an earlier 
investigation (2) undoubtedly removed unknown cofactors 
(NH.++, GSH) of the reaction from the enzyme preparation lead- 
ing to extensive loss of the activity from the microsomes and ap- 
parent recovery of the activity in the supernatant. 

Intracellular location and distribution of the cleavage enzyme 
in T. pyrijormis (4, 5) are somewhat different than in rat liver. 
In subcellular fractionation studies of T. pyrijormis, the cleavage 
enzymes were only partially sedimented with the centrifugal 
force required to prepare microsomes, but were completely sedi- 
mented at 250,000 X g for 23 hours. Apparently the protozoan 
enzyme is either loosely bound to the microsomes and easily 
removed or exists in both soluble and bound forms. 

Activity-pH Pro$Ze-Effect of the reaction mixture pH value 
on enzymic activity is depicted in Fig. 1. In the presence of 
either phosphate or borate-KC1 buffer, the optimum pH value is 
approximately 9.0. Complete lack of cleavage activity above 
~1-1 9.2 may be due to instability of the tetrahydropteridine 
cofactor. The lipid-soluble product of the alkylglycerol cleavage 
reaction was identified as a long chain aldehyde at all pI-I values 
Iv-hen the enzyme was assayed in the standard reaction mixture. 
Tris buffer had usually been employed in earlier studies of the 
rat liver system and the pH value of the reaction mixtures ranged 
from 7.4 to 8.0 in different experiments (1, 2). The pH optimum 
had not been determined previously except in the case of T. 
pyrijormis in which it was around 7.6. 
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FIG. 1 (left). Effect of pH on the cleavage of alkylglycerols by 
rat liver microsomes. The initial pH value of a duplicate series 
of reaction mixtures was determined with a Beckman pH meter. 
The standard reaction mixture was used containing either bo- 
rate-KC1 (0) or phosphate (A) buffer. 

FIG. 2 (right). Effect of Pte*Hd on the cleavage of alkylglyc- 
erols by rat liver microsomes. The concentration of Pte.Ha 
was varied from 0.025 to 2.25 mM in the standard reaction mix- 
ture. 

Eflect of Yte. Hi Concentration-The effect of Pte.HI on the 
alkylglycerol cleavage activity is shown in Fig. 2. The absolute 
dependence of the enzyme system on this cofactor for activity 
supports the suggestion (1) that it is a hydroxylase that requires 
Ptc. 11~ as a cosubstrate. The concentration, 0.75 mM, of Pte. Ha 
used routinely yields very nearly the same level of cleavage ac- 
tivity as the concentration, 1.25 mM, found to be optimal in this 
experiment. 

The specificity for various reduced pteridines was not deter- 
mined. Previous workers (1) have shown that the unconjugated 
pteridines are most active and that tetrahydrofolate at a high 
concentration or one of its breakdown products may be active. 
The alkylglycerol cleavage system of T. pyrijormis exhibits no 
requirement for a reduced pteridine cofactor (5). 

Effect of Cations on Alkylglycerol Cleavage Activity-The effect 
of ammonium ions was first observed in an experiment in which 
all cofactors and auxiliary enzymes were omitted singly from the 
reaction mixture. Leaving out commercial glucose-6-P de- 
hydrogenase dissolved in ammonium sulfate was found to de- 
crease the alkylglycerol cleavage activity significantly, whereas 
omitting other components of the NADPH-generating system 
had no effect. The generating system had been included rou- 
tinely to provide reducing equivalents for reduction of the pteri- 
dine cofactor in order to maintain maximum cofactor concen- 
tration. To determine whether the ammonium or sulfate ions 
were responsible for the stimulation, we replaced the ammonium 
sulfate with sodium sulfate and ammonium chloride. The results 
in Table II show the stimulation was due to the ammonium ions. 
None of a series of cations (Na+, K+, Ca+f, Mg+f, Mn+f, and 
Zn++) or anions (SOh+, Cl-, Mo~O~~-~) tested except ammonium 
ions stimulated the enzyme activity and many inhibited it. 

Egect of (NI1&S’O~ Concentration-The effect of (NH&SO., 
on the alkylglycerol cleavage activity is maximal near 4.8 mM 
which is one-fifth the concentration used in the standard reac- 
tion mixture (Fig. 3). The concentration of (NH&S04 used in 
all the studies rcportcd in this paper inhibited the reaction 10 to 
15% when other components were present near their optimal 
concentrations. 

An absolute requirement for NHd+ ions cannot be shown. 
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E$ect of cations on alkylglycerol cleavage activity 

The standard reactlion mixtures contained 0.82 mg of once 
washed microsomal protein and phosphate (40 mM) instead of 
borate-KC1 buffer. The activity is expressed as nanomoles of 

E.fecl of aulfhydryl compwunds on ulkylglycerol cleavage activity 

The concentration of each sulfhydryl compound was 10 m&l. 

The standard reaction mixture contained phosphate (40 mu) 
instead of borate-KC1 bufrer. Once washed microsoma1 fraction 
(0.54 mg protein) was used as enzyme source. Incubations were 
for 10 min. 

alkylglycerol cleaved per 10 min. 

Compound added 

None................... .._.. 

(NH&Sod. 
Na2S04.. 
NH&l........................ 
KC1 . . . . 
NaCl.......................... 
CsCl 
MgSO, . 
CaC12 
(NH&Mo7021. . 
MnCL. 
ZnCL. . . 

Concentration 

9n.w 

23 
24 
24 

40 
40 
40 
40 
40 
40 

40 
40 

- 

i Activity 

nmoles 
23.6 
51.5 

19.7 
53.1 

17.6 
15.2 

14.0 
8.20 
4.40 
2.60 

2.50 
0.00 

(NH&O, (mM) c 
GSH (mM) 

FIG. 3 (left). Effect of ammonium sulfate on the cleavage of 
alkylglycerols by rat liver microsomes. The concentration of 
ammonium sulfate was varied from 2.40 to 38.4 mM in the stand- 
ard reaction mixture. 

FIG. 4 (right). Effect of GSH on the cleavage of alkylglycerols 
by rat liver microsomes. The concentration of GSH was varied 
from 1.0 to 10.0 rnM in the standard reaction mixture. 

With the washed microsomal enzyme prepa.ration used, approxi- 
mately a doubling of the activity was noted. Although washing 
the microsomes should remove most of the NH4+ ions, they 
could arise from the breakdown of protein (18). Zwitterions 
such as phosphatidylcholiue and lysophosphatidylcholine may 
stimulate the activity and would not be removed readily by 
washing;. Recently, a requirement for phosphatidylcholine and 
lysophosphatidylcholine was found in microsomnl Pdao function 
(19). Alternatively, the reason that an absolute requirement 
for activity cannot bc shown is that the enzyme may be in a less 
active form in the absence of NH4+ ions and be converted to a 
fully activated form in their presence (20). 

E$ect of GSH Concentration-During initial subcellular frac- 
tionation studies of the alkylglycerol cleava.ge enzyme system 
from rat liver, we fourld that recovery of the total enzyme ac- 
tivity in the microsomal fraction w-as dependent on addit,ion of 
t.he soluble fraction to the reaction mixture. Various manipula- 
tions and attempts at fractionation of the soluble fraction showed 
that a significant amount of t,he stimulating ability was lost on 

Addition 
____..~ 

Percentage of control 

None.................................... 
GSH . . . . . . . . . . . . . . . 

1)ithiothreitol. 
,2?lercaptoethnnol. 
C.ysteine................................. 

100.0 

369.0 
254.0 
194.0 

63.8 

dialysis. GSIl could replace the requirement for the soluble 
fraction to a large extent, although not completely. The data 

in Fig. 4 show that 10 mM GSH caused maximal stimulat,ion of 
the enzyme activity and that higher concentrations might be 
even more effective. 

The results in Table 111 show that, in addition to GSH, mer- 
captoethanol and dithiothreitol stimulate t,he alkylglycerol ether 
cleavage activity of a microsomal fraction preparation that had 
been washed once. The optimal conceut,ration for each com- 
pound was not determined, and therefore, cysteine, at the proper 
level, may stimulate rather than inhibit t.he enzyme activity. 
The role of GSH is probably to maintain the enzyme sulfhydryl 
groups in the reduced form, since other thiol compounds also 
stimulate the enzyme. Including a sulfhydryl compound in the 
microsomal preparation might help maint,ain the enzyme in an 
active form during solubilization and fractionation procedures. 

EJect of Concentration of Nicrosomal Enzymes on Alkylglycerol 
Cleavage-Fig. 5 depicts the results obtained when the alkyl- 
glycerol cleavage activity of rat liver was determined as a func- 
tion of microsomal protein concentration. The nonlinear curve is 
similar to that obtained by Tietz et al. (1). The complex enzyme 
system is partially responsible for the nonlinearity, as they had 
pointed out. However, complications due t.o the influence of 
unknown cofactors or inhibitors may cont,ribute to the shape of 
t#he curve. 

Relationship of Enzyme Activity and Incubation Time-In the 
st.andard reaction mixture the rat.e of cleavage of the alkyl ether 
linkage is nearly constant for t.he first 10 min of incubat.ion; 
about 95 nmoles of the substrate are used at this time (Fig. 6). 
I f  ammonium sulfate is not included in the reaction mixture, both 
the initial velocity and ext,ent of the reacbion are reduced sig- 
nificantly. The ammonuim ions apljarently not only activate 
the enzyme but also protect it from inactivation. The efiect of 
GSTT is principally on the extent of t)he rea.ction. Possibly the 
enzyme is rapidly converted to an oxidized inactive form or it is 
poisoned by a heavy metal cont.aminant which otherwise would 
be removed by reaction with GSH. In the absence of GSI-I, the 
rcactioll stops at about 20 nmoles of substrate conversion as com- 
pared with 88 to 105 nmoles of substrate cXonversion in the stand- 
ard reaction mixture. 

Rnt liver-soluble fraction added to the standard reaction mix- 
ture increases the velocity and extent of the cleavage reaction 
(Fig. 7). The soluble fraction stimulates the activity 1.4- to 
1 .&fold at each incubation time, indicating that act,ivation of the 
enzyme occurred. Since assay of this enzyme system is de- 
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c 0 0.77 

Microsomol Protein (mg ) 

J. F. Soodsma, C. Piantadosi, and F. Xnyde, 

0 5 IO I5 20 25 

Time (Min) 

FIG. 5 (lefl). Effect of rat liver microsomal protein concentra- 
tion on the cleavage of alkylglycerols. Microsomes washed four 
times with the 0.25 M sucrose-0.125 M Tris-HCl-0.001 M 151)TA 
buffer solution were incubated in the standard reaction mixture. 

FIG. 6 (center). Effect of ammonium sulfate and GSH on the 
cleavage of alkylglycerols as a function of incubation time. The 
standard reaction mixture was used in this study except that either 

pendent on a discontinuous method, the time of incubation is 
important in interpreting the activity data. 

Preliminary Characterization of Soluble Fro&on Stimulation- 
The results presented in Table IV show that dialysis of the solu- 
ble fraction did not decrease the stimulatory effect on the cleavage 
activity, whereas heating destroyed the capability completely. 

In the absence of the microsomal fraction, the soluble fraction 
has a very low level of ether cleavage activity. The data suggest 
that a protein in the soluble fraction is responsible for stimulation 

of the microsomal activity. This finding is similar to that of 
Tietz et al. (1). They reported that ammonium sulfate frac- 
tional precipitation of the soluble fraction resulted in two frac- 

tions that together replaced the soluble fraction. One of these 
contained pteridine reductase and made possible catalytic utiliza- 
tion of the tetrahydropteridine cofactor in the presence of 
NADPH. The other fraction was not characterized further but 

it was included routinely in the reaction mixture. It appears 
that the stimulation by the soluble fraction observed in the 
present study is due to the uncharacterized fraction of Tietz et al. 
(I), because the pteridine reductase activity should have no ef- 
fect on the cleavage activity in the presence of a near optimal 
coiicentration of Pte.Ha and in the absence of NADPH. This 
stimulation of cleavage activity in the microsomal fraction ac- 
counts for the apparent loss of activity when the microsomal and 
soluble fractions were separated in the subcellular distribution 

study as noted in the first part of the “Results and Discussion.” 
The soluble fract.ion component could be an enzyme or protein 

which promotes interconversion of different forms of the cleavage 
enzyme as Kaufman (21) has suggested recently for phenylala- 
niiie hydroxylase. However, it is also possible that the protein 
stimulates the cleavage enzyme by binding inhibitory metals, 
since it is known that bovine serum albumin stimulates phenyl- 
alanine hydroxylase from Comamonas in such a manner (22). 

Lipid Products of Cleaoage Reaction-The initial product of the 

Time (Min) 

ammonium sulfate (A) or GSH (0) was omitted from the complete 
reaction mixture (0). 

FIG. 7 (right). Effect of rat liver-soluble fraction on the cleav- 
age of alkylglycerols by rat liver microsomes as a function of incu- 
bation time. The standard reaction mixture was supplemented 
with 2.0 mg of soluble fraction protein; presence of the soluble 
fraction is indicated by 0 and its absence by l . 

TABLE IV 

Eflecl of dialysis and heating on stimulation of alkylglycerol cleavage 

activity by soluble Jraction 
A 5-ml aliquot of soluble fraction was dialyzed against 4 liters 

of glass-distilled water for 15 hours at 0”. Another aliquot was 
heated for 5 min in a bath containing boiling water. Soluble 

fraction protein (2 mg) was used in each assay. The activity is 
expressed as nanomoles of 1-O-[1-i4C]hexadecylglycerol cleaved 
per 10 min in the standard reaction mixture with the indicated 

additions. 

Additions Activity 

nmJles 

None........................................... 93.0 
Untreated soluble fraction., _. 144.0 
Dialyzed soluble fraction.. 150.0 
Heated soluble fraction. 89.6 
Untreated soluble fraction (microsomes omitted). 1.50 

cleavage of alkylglycerols is a fatty aldehyde derived from the 
0-alkyl moiety. Table V contains the results of an experiment 
in which the oxidized and reduced pyridine nucleotides were in- 
cluded in the standard reaction mixture to observe their influence 
on the velocity and products of the cleavage reaction. One ef- 
fect of the nucleotides is to promote oxidation of the aldehyde 
to the acid regardless of whether the oxidized or reduced nucleo- 
tide is introduced into the reaction mixture. However, NAD+ 
is the preferred coenzyme in this pathway. Reduction of the 
aldehyde to alcohol occurred only in the presence of NADH. 
This finding is contrary to that of Pfleger et al. (2) and Stoffel 
et al. (23) who obtained fatty alcohols in the presence of NADPH. 
They found alcohols which apparently came from aldehydes via 
cnzymic reduction with NADPH. Our results could be due to a 
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TABLE V 

Effect of pyridine nucleotides and rat liver-soluble fraction on forrrra- 
lion of lipid products of alkylglycerol cleavage reaction 

The standard reaction mixture was supplemented with each of 
the cofactors listed or the soluble fraction. The concentration of 
the nncleotides was 1.0 IxlM. Soluble fraction protein (2 mg) was 
used. The reaction mixtures were incubated for 10 min. 

Products formed 

None. ....... 
NAD+. ............ : : : : 
KADTI ................ 
NADP+ 
NADPH ......................... : : 
Soluble fraction. ......... 

1.39 1.39 83.1 85.9 
0.71 102.0 3.10 106.0 

12.9 31.6 59.1 104.0 
1.9“ 31.0 54.1 87.0 
1.48 17.3 62.3 81.1 
1.24 5.68 131.0 138.0 

TABLE VI 

Identification of cleavage reaction products by gas-liquid 
chromatography 

Fatty acids were isolated by thin layer chromatography from 
lipid extracts of standard incllbation mixtures supplemented with 
NAD+. Fatty aldehydes were obtained from incubations with no 
additions. Standard reaction mixtures were incubat,ed 1 hour 
with NADH to product a sufficient quantity of fatty alcohols for 
detailed analysis. A model 4000 Victoreen dual column, dual 
hydrogen flame detector unit fitted with two columns (6 feet X 
+ inch) packed with 10yo EGSS-X on 100 to 120 mesh Gas-chrom P 
was used for the gas-liquid chromatographic analyses. One 
column was connected to a 9: 1 splitter for collect,ions of the I%- 
labeled peaks. Column t,emperat,ures for methyl esters, dimet,h- 
ylacetals, and alcohol acetates were 175”, lG5”, and 1X0”, respec- 
tively. 

Elution of carbon-la-labeled compounds 
relative to standard derivatives 

Product 

Before CM With CIS After Cis 
derivative derivative derivative 

% YO 

Fatty acids (as methyl esters). 0.86 90.1 
Fatty aldehydes (as dimethyl- 

acetals)...................... 6.99 75.6 
Fatty alcohols (as acetates). 0.0 91.4 

% 

9.2 

17.5 
8.6 

I I I 

more alkaline reaction mixture pH, the tissue fraction used, or 
the additional cofactors included in the reaction mixtures. 

The soluble fraction had no effect on the type of product ob- 
tained but it did increase the amount substantially (Table V). 
Both NAD+ and NADH stimulated the cleavage activit,y about 
1.2.fold while NADP+ and NADPH had no effect. This lack of 
NADPH effect on the cleavage activity was observed in t,he pres- 
ence of nearly optimal concentrations of Pte.H4 and GSlI and 
does not rule out the possibility that GSII may regenerate 
Pte. Hq. A possible explanation for the NAD+-NADH effect 
may be that removal of the initial product promotes the reac- 
tion. However, the total quantity of alkylglycerols cleaved was 
identical in amount when the aldehydes were converted com- 

pletely or only partially to other I)roducts as, for example, in the 
prcscnce of NADf versus NADH. 

Idelltificat,ioll of the lipid l)roducts of the alkylglycerol cleav- 
age reaction was facilitated by gas-liquid chromatography. 
Over 90% of the radioactivity of the methyl esters of the fatty 
acids recovered from the gas-liquid chromatograph was associ- 
ated with the authentic C-16 methyl ester derivatives (Table 
VI). Similar results were obtained with the alcohol acetates. 
Although the radioactivity of the dimethylacetals of the fatty 
aldehydes was somewhat spread out among the three fractions 
collected from the gas-liquid chromatograph, approximately 75% 
of the 14C was in the C-16 dimethylacetal fraction. These data 
verify the tentative identification by thin layer chromatography 
of the products of the alkylglycerol cleavage enzyme system. 

Concluding Discussion-The oxygen requirement for cleavage 
activity was not investigated in this study. It was documented 
previously (1) albeit uuder somewhat different reaction mixture 
conditions; whole liver homogenate was used instead of washed 
microsomcs, NAD+ and NADPH were added but not a reduced 
pteridille, ammonium ions and GSH were not added, and the 
reactioll mixt,ure pH was 1.5 to 2.0 units lower than in the present 
study. Of course, the whole homogenate contained some of the 
essential components that had to be replaced when the washed 
microsomes were used. 

Likewise, the effect of the alkylglycerol concentration on en- 
zyme act,ivit,y was not determined. It has been examined previ- 
ously (2) but the incubation conditions were significantly differ- 
ent so t,hat a comparison with the data obtained in the present 
study is not warrauted. 

The role of the ammonium ions in the 0-alkyl cleavage system 
is not knowu. Either they are simple &ionic activators of the 
enzyme or they could serve as a substrat,e in the reaction and be- 
come part of the lipid molecule to form a reactive intermediate. 

A more detailed underst,anding of the cleavage system will de- 
pcnd not ouly on the determination of the function of the am- 
monium ioils but also the soluble fraction component and on 
resolution of the microsomes into the components of the hy- 
droxylase system which catalyze this complex reaction. Experi- 
ments for these purposes can now be attempted. Also, further 
experiments to determiue the role this enzyme system has in 
regulating tissue levels of alkylglycerols can be contemplated. 
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