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Summary: During enzymatic iodination of rat liver endoplasmic reticulum the 
peroxidation of endogenous lipids and the loss of cytochrome P450 has been 
observed. This lipid peroxidation can be inhibited by the inclusion of a 
low concentration of butylated hydroxytoluene in the iodination mixture. 
This results in increased incorporation of 1251- and stabilization of cyto- 
chrome P450. 

Introduction: Phillips and Morrison have recently suggested a technique for 

examining the spatial arrangement of proteins in membranes using lactoperoxi- 

dase, Hz02 and Iz5 I- and have applied the technique to study the human 

erythrocyte membrane (1,2). Poduslo et al. -- (3) have applied this technique 

to the study of the surface of mouse fibroblasts. The value of this technique 

is that it involves labeling membrane proteins using a catalyst which cannot 

diffuse through the membrane and must act at its surface. We have been using 

enzymatic iodination to study the spatial arrangement of proteins in the rat 

liver endoplasmic reticulum (microsomes) and have noted that lipid peroxidation 

occurs during the iodination reaction. Peroxidation of membrane lipids has been 

associated with increased permeability of many membranes including those of 

red blood cells (4,5,6) and such subcellular organelles as mitochondria (7,8,9), 

microsomes (lo), and lysosomes (11,12). To prevent lipid peroxidation, Phillips 

and Morrison (1,2) suggested that H202 be added to the iodination mixture at 

very low concentrations (8 uM) at intervals. We have found that a significant 

accululation of peroxides still occurs when this procedure is applied to 
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microsomes. We also observed a loss of cytochrome Ph50 with no accumulation of 

cytochrome P420. The inclusion of butylated hydroxytoluene (BHT) in the iodi- 

nation mixture prevents lipid peroxidation, preserves cytochrome P450 and 

increases the incorporation of 1251-. 

Methods: The total microsomal fraction was isolated from the livers of rats 

pretreated with phenobarbital as previously described (13). Before use, the 

membranes were washed using 0.3 M sucrose containing 0.1 M sodium pyrophosphate 

(14). This procedure removed 80% of the RNA and catalase and 30% of the pro- 

tein from the membranes while increasing the specific activity of NADPH-cytochrom$, 

c reductase, NADH-ferricyanide reductase, cytochrome bg, and cytochrome P450. 

Washed membranes were suspended to a protein concentration of 0.5 mg/ml in 

0.1 M Tris, pH 7.5, low6 M KI, and 5.0 x 10m7 M lactoperoxidase at 25'C. 

Iodination was initiated with 5 uM H202 at 1 minute intervals over a three 

minute reaction period. The reaction was terminated by dilution with cold Tris 

buffer and centrifugation at 105,000 xg for 90 minutes at 0-5'C. The pelleted 

microsomes were suspended into buffer for enzyme assays. 

Microsomal NADPH-cytochrome c reductase (15), NADH-ferricyanide reductase 

(161, cytochrome b5 (17), cytochrome Pk50 (17), and aminopyrine demethylase (13) 

were assayed by previously published methods. Lipid peroxidation was assayed 

by incubating microsomes with 2 mM ADP and 0.12 mM Fe(N03)2 to decompose all 

peroxides present in the membrane before assaying for malondialdehyde by the 

thiobarbituric acid method (18). 

Results and Discussion: When iodination of rat liver endoplasmic reticulum was 

carried out using multiple additions of a low concentration of H202, as suggested 

by Phillips and Morrison (1,2), lipid peroxidation, as measured by malondial- 

dehyde content, was shown to occur (Table I). Iodination in the presence of 

several agents known to inhibit lipid peroxidation either by chelating iron or 

acting as an antioxidant, indicated that a very low concentration of BHT com- 

bined the desirable effects of completely inhibiting lipid peroxidation while 
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Table I: Effect of inhibitors of lipid peroxidation on the 
malondialdehyde and incorporation of lz51 into microsomes. 

formation of 

Additions Malondialdehyde formation 1251 incorporation 
nmolesfmg protein Total cpm/mg protein 

None 22.0 800,000 
40 mM Dithiothreitol 1.3 0 
2 mM EDTA 6.1 860,000 
0.0001% BHT 0.0 1,610,OOO 

,le II: Effect of iodination on lipid peroxidation, cytochromes, and enzymatic 
tivities in the endoplasmic reticulum. Microsomes were incubated for 3 minutes 
ler the following conditions, centrifuged at 105,000 xg for 90 min. and resus- 
lded in buffer for assays. 1. Microsomes incubated at 25'C in 0.1 M Tris, 
7.5. 2. Microsomes incubated with 0.0001% BHT. 3. Microsomes incubated in 

s iodination mixture + 0.0001% BHT but without KI. 4. Microsomes incubated in 
3 iodination mixture + 0.0001% BHT. 5. Microsomes incubated in the iodination 
cture only. 

Lipid b 

Peroxidationa 
p450 p420 b bSb NADPH-cytochromeC NADH-ferricyanideC Aminopyrined 

c reductase reductase demethylase 

4.5 1.21 0.14 0.68 0.24 4.50 7.5 
0 2.28 0.25 0.75 0.33 5.10 9.7 
0 2.15 0.22 0.83 0.31 4.72 10.3 
0 1.86 0.2 0.97 0.28 0.15 6.7 

10 0.64 0.0 0.86 0.26 0.16 4.1 

moles malondialdehydefmg protein 

moleslmg protein 

moles/min/mg protein 

moles formaldehyde/min/mg protein 

doubling the amount of 1251- incorporated into microsomes during an iodination 

(Table I). 

Experiments designed to measure the effect of iodination on several 

enzymatic activities and cytochromes present in rat liver microsomes emphasized 

the importance of carrying out iodination in the presence of BHT. Iodination 

in the absence of BHT resulted in the loss of 75% of the cytochrome P45,, and 
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65% of the aminopyrine demethylase activity (Table II). The loss of cytochrome 

P450 could not be accounted for as cytochrome P420 nor by the presence of 

endogenous carbon monoxide that would interfere with the assay. When iodination 

was carried out in the presence of BHT, only 15% of the cytochrome P450 and 

35% of aminopyrine demethylase activity were lost, presumably due to the iodina- 

tion reaction. Under conditions where no lipid peroxidation was occurring, of 

the enzymes assayed, iodination most significantly affected NADH-ferricyanide 

reductase activity. This enzyme (also termed NADH-cytochrome b5 reductase) 

has been shown by Strittmatter (19) to contain a tyrosine residue in its active 

site which may be available for iodination by lactoperoxidase. 

Lipid peroxidation has been reported to cause inactivation of enzymes and 

destruction of cytochromes (20). There has also been a suggested correlation 

between lipid peroxidation and loss of cytochrome P450 in microsomes (17). 

Direct evidence for such a correlation is offered in Table III. Microsomes 

incubated aerobically showed an increasing malondialdehyde content and decreasind 

concentration of P450 vs. time. However when microsomes were incubated with 

0.005% BHT no lipid peroxidation occurred and cytochrome P450 was preserved. In 

this and other experiments where a loss of cytochrome P45~ was noted (Table II) 

very little cytochrome P420 was observed suggesting that if cytochrome P450 is 

converted to its altered form, P420, it is quickly converted to other degradatior 

products. 

Anaerobic trypsin treatment of iodinated microsomes at 25'C for 60 minutes 

indicated that proteolytic digestion released 50% of the protein from microsomes 

which were not protected with BHT during the iodination but only 34% of the 

protein from microsomes protected from lipid peroxidation. This suggests that 

the lipid peroxidation occurring during the iodination is indeed changing the 

properties of the membrane and emphasizes the importance of carrying out the 

iodination in the presence of BHT. 

While Phillips and Morrison (1,2) suggest that the use of a low concentra- 

tion of H202 is suitable to prevent lipid peroxidation during enzymatic iodina- 
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Cable III: The correlation between loss of cytochrome P1+50 and the peroxidation 
>f microsomal lipid. Washed microsomes were suspended to a protein concentration 
)f 5 mg/ml in 0.2 M Tris, pH 7.5 and aerobically incubated at 37'C. Samples 
rere removed at various times and made 0.005% with BHT to stop lipid peroxidation 
ind assayed. To one sample 0.005% BHT was added initially and this sample was 
ncubated in parallel at 37OC for 90 minutes. 

lime incubated malondialdehyde bg p450 NADPH-cytochrome NADH-ferricyanide 
nmoles nmoles nmoles c reductase reductase - - 

mg mg mg nmoleslminfmg nmolesfmin-mg 

5 min 2.0 1.0 2.1 0.22 3.6 
'0 min 7.8 1.0 1.7 0.24 4.0 
'0 min 14.0 1.0 1.3 0.24 3.4 
'0 min 16.4 0.9 0.4 0.22 3.7 
'0 min + BHT 0.5 1.0 2.0 0.21 3.7 

tion of the erythrocyte membrane, we have found that this technique is not 

applicable to microsomal membranes. It seems likely that different membranes 

may have different sensitivities toward lipid peroxidation. The results of 

these studies suggest the general use of the antioxidant BHT during enzymatic 

iodination of membranes to assure protection from lipid peroxidation. Very low 

concentrations of BHT will also protect cytochrome PI+~o and thereby preserve 

drug hydroxylation activity. The use of BHT to protect cytochrome P450 during 

isolation, storage, etc. of microsomes is suggested. 
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