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USE QF LACTOPEROXIDASE FOR LABELLING MEMBRANE PROTEINS 

Helen L. Yin 

INTRODUCTION 

The introduction of nonpermeant agents covalently to label 
externally disposed plasma membrane proteins of cells has al-
lowed characterization of these proteins without resorting to 
membrane fractionation. Phillips and Morrison (1) first intro-
duced the technique of iodinating cell surface proteins with 
lactoperoxidase, which catalyzes the formation of a carbon-
halogen bond in the presence of hydrogen peroxide, a halide 
and a nucleophilic acceptor, such as tyrosine. Selective 
labeling of surface proteins depends on the fact that lacto-
peroxidase cannot diffuse through the membrane barrier of a 
living cell, and therefore iodination is limited to the outside 
surface of the cell. Hubbard and Cohn (2, 3) used glucose oxi-
dase in conjunction with lactoperoxidase to generate an in situ 
low concentration of hydrogen peroxide, limiting the amount of 
free hydrogen peroxide, which is known to harm cells, in the 
reaction mixture. 
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I I . REAGENTS 

Na I-carrier-free, iodination grade, New England Nuclear 
Corp. The isotope is made and shipped by the supplier every 
two weeks, and should be used within two weeks. Iodide that 
has been exposed to air for a long time tends to be oxidized, 
and are incorporated into the cells even in the absence of lac-
toperoxidase. 

Caution I is volatile and should be handled in a well-
ventilated hood. Keep solutions covered as much as possible 
(e.g., use centrifuge tubes with screw caps during iodination 
and centrifugation)f and use disposable labware. Waste 125j 
solution should be stored in capped plastic bottles in the 
presence of strong base. 

Potassium iodide: Reagent grade, solution should be made 
fresh. 

Glucose: Reagent grade 
Dulbecco's minimum essential medium (MEM), Grand Island 

Biological Co. 
Heat-inactivated fetal calf serum 
Dulbecco's phosphate-buffered saline, Ca2+, Mg2- free 

(PBS), Grand Island, Biological Co. 
Phenylmethyl sulfonyl fluoride (PMSF), Sigma Chemical 

Corp. 
10% Trichloroacetic acid (TCA) 
Chemicals for polyacrylamide gel electrophoresis in the 

presence of sodium dodecyl sulfate 
Lactoperoxidase (EC 1.11.1.7), Calbiochem., assayed as 

described below. 
Glucose oxidase (EC 1.1.3.4), Sigma Chemical Corp., Type 

V, assayed as described below. 
The activities of lactoperoxidase and glucose oxidase are 

assayed using o-dianisidine as substrate, and followed by the 
change in absorbance at 460 nm. A unit of activity is defined 
as the amount of enzyme producing/consuming 1 pmol peroxide/min 
at 25°C, assuming molar extinction coefficient of 11,300 for 
o-dianisidine. It should be pointed out that the units desig-
nated and the assay conditions used by the suppliers are dif-
ferent from the ones described here, and cannot be readily con-
verted. 

A. Lactoperoxidase (LPO) Assay 

1. Prepare the following solutions: 
(a) LPO, 3 mg/ml in phosphate-buffered saline (PBS), pH 

7.2. The enzyme is stable at this protein concentration and 
can be stored frozen in small aliquots. 
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(b) o-Dianisidine (Sigma Chemical Co.), 10 mg/ml in abso-
lute methanol. Make up fresh and keep in dark (cover with 
foil). Caution : Carcinogenic! 

(c) Hydrogen peroxide, Superoxal diluted with distilled 
water to give a 0.3% solution. Stable. 

(d) 0.1 M Phosphate buffer, pH 5.O. 
(e) Substrate mixture: 0.06 ml 0.3% peroxide, 0.05 ml 

10 mg/ml o-dianisidine, and 5.9 ml phosphate buffer, pH 5.O. 
2. Activity is assayed by following the change in absorbance 
at 460 nm. Mix 0.1 ml PBS, pH 7.2 with 0.9 ml substrate mix-
ture in cuvette No. 1 and set the absorbance to zero. Add 
0.9 ml substrate mixture to cuvettes Nos. 2, 3, and 4 and 
0.1 ml serial dilutions of LPO (e.g., 10, 20, 50 μΐ of 0.03 
mg/ml LPO, made up to 0.1 ml with PBS). Cover cuvettes with 
parafilm, invert twice and follow change in absorbance for 
5-10 min in a spectrophotometer. 

B. Glucose Oxidase Assay 

1. Prepare the following solutions: 
(a) Glucose oxidase, 2 yl/ml. The enzyme is stable at the 

concentration supplied, but is not stable on dilution. 
(b) Glucose, 0.05 mg/ml (5%), PBS, pH 7.2, o-dianisidine, 

10 mg/ml in absolute methanol (100 x ) . Make up fresh, and 
store in foil-covered container. 

(c) Horseradish peroxidase, 5 mg/10 ml. 
(d) Substrate mixture (mix immediately before use): 

1.0 ml 5% glucose, 0.1 ml o-dianisidine 1%, 1.0 ml horseradish 
peroxidase 0.05%, and, 6.9 ml PBS, pH 7.2. 
2. Assay mixture contain 0.9 ml substrate solution and 0.1 ml 
glucose oxidase (diluted serially). Follow change in absorb-
ance at 460 nm with time for 5-10 min. 

III. PROCEDURES 

A. Iodination Protocol 

(1) Harvest peritoneal exudate cells from mice in warm 
PBS pH 7.2 by standard procedures. Place cell suspension on 
ice. 

(2) Filter cells through cheese cloth into conical plastic 
tubes with caps. Centrifuge at 250 g for 10 min at 4°C. Re-
peat wash in PBS to remove loosely bound material from cells. 

(3) Resuspend to 107 cells/ml in PBS. 
(4) Iodinate the entire cell suspension at 4°C for 25 min. 
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The final reaction mixture contains 100 mU/ml LPO, 10 mU/ml 
glucose oxidase, 20 mM glucose, 100 - 200 uCi/ml Na^2^I, 
25 nmole/ml K^^^I (the incorporation of i 1 2 5 improves when a 
small amount of carrier iodide is added). Swirl the suspen-
sion occasionally by hand. 

(5) Terminate the reaction by adding twenty volumes of 
ice-cold MEM, with 1% heat-inactivated fetal calf serum. Cen-
trifuge at 250 g for 10 min at 4°C. Repeat wash. 

(6) Resuspend cell pellet in MEM with 10% heat-inactivated 
fetal calf serum. Plate cells in plastic tissue culture petri 
dishes for 30 - 60 min at 37°C under 5% CC>2 atmosphere. 

(7) Wash monolayers vigorously by swirling in several 
changes of ice-cold PBS to remove nonadherent cells and culture 
medium. After washing, the cells remaining on the monolayer 
should be greater than 95% macrophages. 

(8) To remove the macrophages from the culture dish, add 
a small volume of PBS with 2 mM PMSF to the dish and scrape 
with a policeman. Transfer the cell suspension to centrifuge 
tubes and disperse the cells gently with a Pasteur pipette. 

(9) Centrifuge at 990 g for 10 min at 4°C. 
(10) Resuspend cell pellet in a minimal volume of a solu-

tion containing 0.06 Tris-HCl, pH 6.8, 4 mM EDTA, and 2 mM 
PMSF. Remove aliquots for protein determination, radioactivity 
measurement and gel electrophoresis. 

To summarize, the entire peritoneal exudate cell population 
was iodinated in suspension at 4°C. This is preferable to io-
dinating the macrophage monolayers, because serum proteins ad-
hering to the culture surface are extensively labeled. Iodina-
tion is performed at 4°C to decrease pinocytosis, which may in-
troduce LPO into the cells, to prevent lateral diffusion of 
membrane proteins, which may alter the accessibility of plasma 
membrane proteins to labeling, and to limit proteolysis. Mac-
rophages were then separated from other nonadherent cell types 
by a subsequent adherence step. This selects for viable macro-
phages, eliminating dead cells that might be nonspecifically 
labeled from the system. 

A number of control experiments should be performed to es-
tablish that the radioactivity is incorporated into plasma mem-
brane proteins only and not into intracellular proteins. Since 
exclusive membrane labeling is dependent on the fact that LPO 
cannot permeate the plasma membrane of living cells, it is im-
portant that the macrophages remain viable during iodination, 
and the labeling is absolutely dependent on LPO. Cell viabili-
ty can be tested by exclusion of trypan blue dye. The require-
ment for LPO can be established by ommitting the enzyme from 
the iodination mixture. Glucose oxidase is not absolutely re-
quired for labeling, although the extent of labeling is con-
siderably less than if it were present. 

It is also important to identify the nature of the iodinated 
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cell material. If the radioactivity is incorporated into pro-
teins/ it should be insoluble in cold TCAf and largely nonex-
tractable by organic solvent. The ultimate proof for labeling 
of protein requires demonstration that the radioactivity is 
associated with monoiodotyrosine in a trypsin digest of the 
labeled cells (3) . 

B. Radioactivity Measurement 

The amount of radioactivity associated with the macrophages 
is determined after cold TCA precipitation. For small number 
of samples, TCA precipitation can be done in a Millipore suc-
tion apparatus. For large number of samples, the "disk-batch" 
method is more convenient. 

1. Pipette an aliquot (<50 yl) of an iodinated sample onto 
a glass fiber filter disk (2.4 ym-diameter, Whatman, GF/c) 
labeled with waterproof Sharpie pen. 

2. Soak the disk into 500 ml cold 10% TCA with 50 mM K I 
for 2 hr or longer. 

3. Rinse three times in 400 ml each 10% TCA and air dry. 
4. Count in a gamma spectrophotometer. The nonspecific 

absorbance of free 125j ̂ ο the filters is reduced by using a 
high concentration of K127I in the TCA solution. The level of 
nonspecifically absorbed radioactivity can be assessed by ap-
plying free Na I to a disk in the presence of unlabeled cell 
protein. 

C. Organic Solvent Extraction 

About 10 - 30% of the TCA precipitable cell-associated 
radioactivity is extractable by organic solvents. 

1. Put each disk in individual 10 ml glass test tube. 
(The tube should be labeled because the organic solvents will 
dissolve the ink on the filter paper.) 

2. Add 6 ml of organic solvents (either chloroform -
methanol 2:1; acetone - water 9:1, or ethanol - ether 3:1) to 
each tube and let stand for about 30 min at 4°C. 

3. Rinse the disk through three changes of solvent, air 
dry, and count in a gamma spectrophotometer. 

D. Gel Electrophoresis 

The iodinated plasma membrane protein can be resolved by 
polyacrylamide gel electrophoresis in the presence of sodium 
dodecyl sulfate. 
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Two difficulties may arise when processing the macrophages 
for gel electrophoresis. First, macrophages contain a large 
amount of proteases that may hydrolyze the membrane proteins· 
Proteolysis is minimized as follows. Cells are iodinated at 
4°C, and plated at 37°C in the presence of serum that contains 
natural protease inhibitors. The macrophages are removed from 
the monolayers in ice-cold buffer containing phenylmethylsul-
fonyl fluoride, a serine protease inhibitor, and EDTA, which 
chelates cations and thereby inhibits cation-dependent pro-
teases. In addition, macrophages collected from the monolayers 
are boiled as soon as possible in 2% sodium dodecyl sulfate 
(SDS) to inactivate the protease. Second, after boiling in 
SDA, DNA in the cell sample might form a viscous gel that is 
difficult to pipette. Gel formation can be prevented by di-
luting the cell sample to as large a volume as is compatible 
with gel electrophoresis before addition of SDS, and once 
formed, the gel may be disrupted by reheating and shearing with 
a micropipet. The sample should be loaded onto the acrylamide 
gel while still hot. 

Since a large number of proteins are labeled, optimal reso-
lution in the polyacrylamide gel is desirable. We routinely 
use the discontinuous pH gradient slab gel system of Laemmli 
(4). The distribution of radioactivity among the proteins is 
determined by slicing the gel after electrophoresis into small 
sections for counting in a gamma spectrophotometer, or by auto-
radiography after drying the gel. X-Rays film such as X-Omat R 
(Kodak) should be used in conjunction with intensifying screens 
(Cronex, Dupont) to shorten the period of exposure required. 
It is not necessary to precipitate the proteins with TCA or ex-
tract with organic solvent prior to electrophoresis. The ex-
tractable radioactive material does not interfere with the reso-
lution of proteins by gel electrophoresis, and accumulates in 
the bottom of the gel as a broad band that is not stained by 
Coomassie blue. 

IV. CONCLUDING REMARKS 

The lactoperoxidase : glucose oxidase catalyzed iodination 
technique has been used successfully to label the surface pro-
teins of mouse peritoneal macrophages. This facilitates re-
search in macrophage membrane biochemistry greatly, because up 
until now, there is no satisfactory method for isolating pure 
plasma membrane fractions from these cells. This method has 
provided information on the differences between plasma membrane 
proteins of resident and elicited macrophages, the immunological 
identity of several membrane proteins, and the kinetics of their 
turnover (5, 6). 
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