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Lactoperoxidase-Catalyzed Incorporation of Thiocyanate Ion into a 
Protein Substrate? 
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ABSTRACT: Lactoperoxidase catalyzed the peroxide-depen- 
dent incorporation of thiocyanate ion into a protein substrate. 
This activity was studied as a model for the peroxidase-de- 
pendent antithyroid and antimicrobial action of thiocyanate. 
Two types of incorporation were observed. When the amount 
of peroxide added did not exceed the amount of protein sulf- 
hydryls, the sulfur and carbon portions of thiocyanate were 
incorporated in  a one-to-one ratio. This type of incorporation 
was eliminated when protein sulfhydryls were blocked by re- 
action with N-ethylmaleimide. These results indicated incor- 
poration of the intact thiocyanate moiety into a derivative of 
cysteine residues. Incubation with a sulfhydryl compound such 
as dithiothreitol resulted in release of the bound thiocyanate 

Lactoperoxidase and myeloperoxidase catalyze the oxidation 
of thiocyanate ion (SCN-) by peroxide (H202) (Oram and 
Reiter, 1966a,b; Sorbo and Ljunggren, 1958). The combina- 
tion of either of these peroxidases with H202 and SCN- has 
been shown to have antimicrobial activity in vitro (Oram and 
Reiter, 1966b; Klebanoff et al., 1966). Lactoperoxidase, H202, 
and high concentrations of SCN- are found in milk and saliva, 
and this system may contribute to the antimicrobial activity 
of these fluids (Zeldow, 1963; Morrison and Steele, 1968; 
Hamon and Klebanoff, 1973). In addition, SCN- is an anti- 
thyroid substance and its oxidation is catalyzed by thyroid 
peroxidase (Barker, 1936; Wood and Williams, 1949; Coval 
and Taurog, 1967). The antimicrobial and antithyroid ac- 
tivities of SCN- may have the same chemical basis. 

Sulfate, carbon dioxide, and ammonia are the final products 
of SCN- oxidation (Oram and Reiter, 1966b). None of these 
substances has antithyroid or antimicrobial activity. Therefore, 
these biological activities are probably due to intermediates 
in the oxidation of SCN-. Cyanide may be an intermediate and 
may contribute to the toxic effects of SCN- (Chung and 
Wood, 1970). The initial product of peroxidase-catalyzed 
oxidation of SCN- has not been identified. 

Wood and Williams ( 1  949) detected incorporation of the 
sulfur portion of SCN- into an acid-precipitable form in the 
thyroid. Also, bacterial enzymes are inhibited upon incubation 
of bacteria with lactoperoxidase, H202, and SCN- (Oram and 
Reiter, 1966a; Mickelson, 1966). Therefore, products of SCN- 
oxidation may react with protein. The aim of this study was 
to determine whether lactoperoxidase would catalyze the in- 
corporation of SCN- into derivatives of protein functional 
groups. Such incorporation could indicate which functional 
groups are modified and their relative reactivity. Because 
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moiety. A second form of incorporation was observed when 
peroxide exceeded protein sulfhydryls. Incorporation of carbon 
exceeded that of sulfur. Blocking of protein sulfhydryls or 
addition of a sulfhydryl compound had no effect on this form 
of incorporation. Studies using amino acid and poly(amino 
acid) substrates indicated that modification of tyrosine, 
tryptophan, and histidine residues accounted for this incor- 
poration. Similar modification of protein sulfhydryls and ar- 
omatic amino acids was obtained with the thiocyanate ana- 
logue of the halogens, thiocyanogen. These results suggest that 
lactoperoxidase-catalyzed oxidation of thiocyanate yields 
thiocyanogen, which modifies proteins in a manner similar to 
halogenation. 

SCN- has many of the properties of a halide ion (Hughes, 
1975), and peroxidases can oxidize halides to halogens, the 
action of the peroxidase system was compared to that of the 
“pseudohalogen”, thiocyanogen, (SCN)2. 

Materials and Methods 
All materials were of reagent grade. Lactoperoxidase was 

purified from bovine milk (Morrison and Hultquist, 1963). 
Catalase, BSA,’ DTT, and N-ethylmaleimide were obtained 
from Sigma, K35SCN (1 5.6 Ci/mol) from Amersham/Searle, 
and NaSI4CN (10 Ci/mol) from ICN. 

Synthesis of (SCN)2 was achieved by reaction of lead 
thiocyanate with bromine (Wood, 1946). Lead thiocyanate 
was prepared by addition of 4.5 g of lead nitrate in 10 mL of 
water to 2.98 g of KSCN in 10 mL of water at 0 OC. The pre- 
cipitate was collected by filtration, washed with cold water, 
and dried in vacuo over calcium chloride. Freshly prepared lead 
thiocyanate (0.17 mmol) was added to 10 mL of dry carbon 
tetrachloride (CCl4) at 0 OC. Bromine (0.15 mmol) was added 
in small aliquots, allowing decolorization of bromine to occur 
before another aliquot was added. The clear, colorless solution 
of (SCN)2 in C C 4  was decanted from the remaining solids and 
used on the day of preparation. Radioactive (SCN)2 was 
prepared on a smaller scale by adding bromine in CC14 to ra- 
dioactive lead thiocyanate, which was obtained by adding lead 
nitrate to mixtures of KSCN and NaS14CN or K3%CN and 
then decanting the supernatant and lyophilizing the precipi- 
tate. 

The concentration of (SCN)2 was determined by measuring 
absorbance at  295 nm and assuming an extinction coefficient 
of 140 M-’ cm-I (Bacon and Irwin, 1958). The concentration 
was also determined by iodometry (Wood, 1946). An aliquot 
of (SCN)2 in CC14 was added to 10 mL of 0.1 M potassium 
iodide with vigorous shaking. Iodine was titrated with 10 mM 
sodium thiosulfate using starch as an indicator. These two 
methods gave identical values for freshly prepared (SCN)2, 

~ ~~ ~~ ~~~ 

1 Abbreviations used are: BSA, bovine serum albumin; DTT, di- 
thiothreitol; MalNEt, N-ethylmaleimide. 
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FIGURE 1 : Lactoperoxidase-catalyzed incorporation of the carbon and 
sulfur portions of SCN- into BSA (DTT-reversible and DTT-nonre- 
versible forms). BS.4 (150 nmol; 90 nmol of sulfhydryl) was incubated 
with 0.1 nmol of lactoperoxidase, 1 wmol of NaSI4CN ( 0 )  or K 3 W N  
( m ) ,  and the indicated amounts of H202 in I-mL total volume. The upper 
figure shows the difference between incorporation measured before and 
after addition of 10 wmol of DTT. The lower figure shows incorporation 
measured after adding DTT. 

which was equal to that calculated from the amount of bromine 
added. 

Incorporation of Radioactiuity. Amino acids ( 1 mg/mL), 
poly(amino acids) (1 mg/mL), or BSA ( 1  0 mg/mL; I50 p M  
protein; 60 to 90 FM protein sulfhydryls) were incubated with 
NaSI4CN or K3%CN and 0.1 p M  lactoperoxidase i n  10 mM 
potassium phosphate buffer (pH 6.6) with 5 mM potassium 
EDTA a t  25 "C. Additions of H202 were made at I -min in- 
tervals, with each addition sufficient to give a final concen- 
tration of 10 NM. After the final addition of H202, incubation 
was continued for 15 min. Alternatively, aliquots of (SI4CN)2 
or (35SCN)2 in CC14 were added directly to solutions of amino 
acids or BSA with rapid mixing. 

Acid Precipitation. Poly(amino acids) and BSA were pre- 
cipitated by adding 1 mL of cold 10% (w/v) trichloroacetic 
acid to 0.1 mL of reaction mixture, followed by filtration 
through nitrocellulose filters (Millipore Corp.) and washing 
with 5% trichloroacetic acid. Filters were dissolved in scintil- 
lation fluid prepared according to Bray (1960), and radioac- 
tivity was determined in a liquid scintillation spectrometer. 

Thin-Layer Chromatography. Chromatography of amino 
acid derivatives was performed on cellulose sheets (Eastman 
Kodak Co.) in four solvent systems (Block and Bolling, 1951; 
Piez et al., 1956): solvent A, tert-amyl alcohol-2,6-lutidine- 
water, 19: 19: 12; solvent B, tert-butyl alcohol-formic acid- 
water, 14:3:3; solvent C, sec-butyl alcohol-tert-butyl alco- 
hol-0.3% ammonium hydroxide, 4: 1 :3; and solvent D, etha- 
nol-water-diethylamine, 77:23:2. Radioactive compounds 
were visualized by autoradiography and then removed from 
the cellulose sheets and radioactivity was determined as de- 
scribed above. 

Results 
ModiJi'cation of BSA by Lactoperoxidase, H202, and 

SCN-. Figure 1 shows lactoperoxidase-catalyzed incorpora- 
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FIGURE 2: Lactoperoxidase-catalyzed incorporation of the carbon and 
sulfur portions of SCN- into BSA (total incorporation and DTT-nonre- 
versible forms). BSA (150 nmol; 80 nmol of sulfhydryl) was incubated 
with 0.1 nmol of lactoperoxidase, 50 nmol of NaSI4CN (0, 0 )  or K%CN 
(0, m), and the indicated amounts of HzOz in I-mL total volume. In -  
corporation was measured before (O,n), or after ( 0 . m )  the addition of 
10 m o l  of DTT. 

tion of the carbon and sulfur portions of SCN- into BSA with 
increasing amounts of H202. Incorporation was of two types. 
The first type (upper figure) consisted of incorporation of 
carbon and sulfur in a 1 : 1 ratio. This indicated incorporation 
of the SCN moiety as an intact unit. Incorporation of the SCN 
moiety reached a maximum when the amount of H202 was 
equal to the amount of protein sulfhydryls. This maximum 
amount of incorporation was about equal to the amount of 
sulfhydryls. Blocking of sulfhydryls by reaction with N-eth- 
ylmaleimide eliminated this type of incorporation. These re- 
sults suggested that one SCN moiety per molecule of H202 was 
incorporated into one molecule of a derivative of protein sulf- 
hydryls. When the sulfhydryl compound DTT was added, the 
bound S C N  moiety was released. 

A second type of incorporation (lower figure) increased 
sharply as H202 exceeded sulfhydryls. Incorporation of the 
carbon portion of SCN- greatly exceeded that of sulfur, and 
the amount of incorporation was low relative to the amount of 
H202. This type of incorporation was not released upon ad- 
dition of DTT. Total incorporation into BSA was the sum of 
that shown in the upper and lower portions of Figure 1.  

Results shown in Figure I were obtained with SCN- a t  a 
higher concentration than any of the other components in the 
system. Figure 2 shows incorporation obtained with an amount 
of SCN- less than the largest amount of H202 added, and less 
than the amount of protein sulfhydryls. The pattern of incor- 
poration was similar to that obtained with higher concentra- 
tions of SCN-. Carbon and sulfur were incorporated together 
into a form released upon addition of DTT, and this form of 
incorporation reached a maximum when H202 was about 
equal to protein sulfhydryls. However, the amount of the bound 
SCN moiety was less than that obtained a t  high SCN- con- 
centrations, and less than the amount of sulfhydryls. The 
amount of bound SCN decreased as H202 exceeded sulfhy- 
dryls. 

Carbon incorporation began to rise again as H202 exceeded 
sulfhydryls, and this incorporation was not released upon ad- 
dition of DTT. With this lower SCN- concentration, nonre- 
versible incorporation reached a plateau level, rather than 
continuing to increase as more H202 was added. At the plateau 
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FIGURE 3: Effect of SCN- concentration on lactoperoxidase-catalyzed 
incorporation of the carbon portion of SCN- into BSA (DTT-nonre- 
versible forms). BSA was incubated with a tenfold molar excess of N -  
ethylmaleimide at 37 OC for 1 h, then precipitated with acetone, and ly- 
ophilized to yield MalNEt-BSA. Lactoperoxidase (0.1 nmol), 200 nmol 
of H202. and the indicated amounts of NaSI4CN were incubated with 150 
nmol of BSA (70 nmol of sulfhydryl) ( 0 )  or MalNEt-BSA (5 nmol of 
sulfhydryl) (A). Incorporation was measured after addition of I O  pmol 
of DTT. 

level, 74% of the total carbon label was incorporated into 
protein. The amount of incorporation and the pattern of in- 
corporation were independent of lactoperoxidase concentration 
over the range from 10 nM to 1 FM. 

Figure 3 shows the nonreversible type of carbon incorpo- 
ration as a function of SCN- concentration. The amount of 
H202 was held constant at a level much higher than the con- 
centration of protein sulfhydryls. Incorporation increased 
sharply at Na14SCN concentrations of about 50 pM. Also 
shown are results obtained with BSA that had been reacted 
with N-ethylmaleimide to block sulfhydryls (MalNEt-BSA). 
Nearly identical results were obtained with BSA and Mal- 
NEt-BSA, indicating that sulfhydryls were not required to 
obtain the nonreversible type of incorporation. 

The amount of nonreversible incorporation depended on 
substrate protein concentration, as well as on H202 and SCN- 
concentrations. Figure 4 shows that concentrations of BSA 
greater than 7 mg/mL were required for maximum incorpo- 
ration. A high ratio of carbon to sulfur incorporation was ob- 
served at all concentrations of BSA. The amount of incorpo- 
ration was less than one atom of carbon or sulfur per molecule 
of BSA. 

Modifcation of BSA by (SCN)z. Figure 5 shows incorpo- 
ration of the carbon and sulfur portions of (SCN)2 into BSA. 
Two types of incorporation were similar in most respects to 
those obtained with the peroxidase system: ( 1 )  a DTT-re- 
versible type in which carbon equaled sulfur, and ( 2 )  a non- 
reversible type in which carbon exceeded sulfur and which 
increased after the DTT-reversible type reached a maximum. 
Results differed in that DTT-reversible incorporation con- 
tinued to increase as (SCN)2 exceeded the amount of protein 
sulfhydryls. Also, the ratio of carbon to sulfur in the DTT- 
nonreversible form was not as high as that obtained with the 
peroxidase system. 

A third type of incorporation was obtained with (SCN)2 that 
was not observed with the peroxidase system. This incorpo- 
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FIGURE 4: Effect of BSA concentration on lactoperoxidase-catalyzed 
incorporation of the carbon portion of SCN- (DTT-nonreversible forms). 
The indicated amounts of BSA (7.5 to 150 nmol) were incubated with 0.1 
nmol of lactoperoxidase, SO nmol of NaSi4CN (0 )  or K3SSCN (m), and 
200 nmol of H202 in 1-mL total volume. Incorporation was measured after 
addition of 10 @mol of DTT. 
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FIGURE 5: Incorporation of the carbon and sulfur of (SCN)2 (DTT- 
reversible and -nonreversible forms). BSA ( 1  50 nmol; 80 nmol of sulfhy- 
dryl) was incubated with the indicated amounts of (SI4CN)2 (-a) or 
(3sSCN)2 (- - - E) in 1-mL total volume. The upper figure shows the 
difference between incorporation measured before and after addition of 
10 pmol of DTT. The lower figure shows incorporation measured after 
adding DTT. 

ration was DTT reversible, but contained only carbon. The 
addition of H202 almost completely eliminated this incorpo- 
ration. Therefore, reaction with the H202 added in the per- 
oxidase system could have eliminated this type of incorpora- 
tion. 

Modification of Amino Acid and Poly(amino acid) Sub- 
strates. Table I compares results obtained by incubating in- 
dividual amino acids with the peroxidase system or with 
(SCN)2. Derivatives of the amino acids containing radioactive 
carbon or sulfur, or both, were separated and quantitated by 
thin-layer chromatography. Identical derivatives were obtained 
with the peroxidase system and (SCN)2. A higher yield of 
tyrosine derivatives was obtained with the peroxidase system. 
The yield of derivatives was not stoichiometric with either 
H202 or (SCN)2. 

Two radioactive derivatives of tyrosine, one of tryptophan, 
and two of histidine were obtained. One of the derivatives of 
histidine was the only major derivative that contained both the 
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FIGURE 6 :  Effect of H202 or SCN- concentration on lactoperoxidase- 
catalyzed incorporation of the carbon portion of SCN- into L-histidine. 
L-Histidine (6.4 pmol) was incubated in  I-mL total volume with 0.1 nmol 
of lactoperoxidase and with either 50 nmol of NaSI4CN and the indicated 
amounts of H202 (left figure), or with 400 nmol of Hz02 and the indicated 
amounts of NaSI4CN (right figure). Thin-layer chromatography with 
solvent A was used to separate the radioactive derivatives (Ry 0.57 ( 0 )  
and R~0.35 (B)). 
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FIGURE 7: Lactoperoxidase-catalyzed incorporation of the carbon and 
sulfur portions of SCN- into poly(L-histidine) and -(L-tyrosine). The 
poly(amino acids) ( 1  mg) were incubated in  1 - m L  total volume with 0.1 
nmol of lactoperoxidase. 50 nmol of NaSI4CN or K3%CN, and the i n -  
dicated amounts of H2Oz to obtain incorporation of radioactivity from 
SI4CN- into poly(L-histidine) ( -0) or poly(L-tyrosine) (-A), or from 
3SSCN- into poly(L-histidine) ( -  - ~ B) or poly(L-tyrosine) (- - - v). 

carbon and sulfur portions of SCN- or (SCN)2. Trace 
amounts of derivatives of tyrosine or tryptophan were observed 
that contained only sulfur, or both carbon and sulfur. No ra- 
dioactive derivatives of other amino acids were observed. 
Cysteine was oxidized to cystine. 

The components that were identified as amino acid deriva- 
tives were not due to contaminants or oxidation products of 
SCN-. Sulfur- or carbon-labeled SCN- gave only one ra- 
dioactive spot in each of four chromatography systems. The 
major sulfur-containing component obtained from the per- 
oxidase system or (SCN)2 in the presence or absence of amino 
acids was 35S042-. There was loss of carbon label, possibly due 
to formation of I4CO2. The amino acid derivatives were cleanly 
separated from SCN-, S042- and the unmodified amino acids 
in all four chromatography systems. The Rfvalues of SCN-, 
s04*-. tyrosine, tryptophan, and histidine in solvent A were 
0.86,0.08,0.35,0.51, andO.lO, respectively. 

Figure 6 shows the yields of the two derivatives of histidine 
as a function of H202 or SCN- concentrations. The highest 
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- TABLE I: Derivatives of Amino Acids." 

Lactoperoxidase, 

Yield 
K/ (nmol) 

H202, SI4CN- 

Tyrosine 0.59 0.4 
0.40 8.3 

Tryptophan 0.61 3.7 
Histidine 0.35 2.7 

0.57 17.3 

- (S ' JCh )? 

Yield 
R f  (nmol) 

0.58 I .6 
0.38 2.6 
0.67 3.6 
0.35 2.0 
0 5 5  I9 0 

Lactoperoxidase, 

Histidine 0.58 19.8 0.55 17.6 

H202, 3sSCN- ("SCN), 

Amino acids ( 1  mg) were incubated with 0.1 nmol of lactoper- 
oxidase, 1 @mol of radioactive SCN-, and 400 nmol of HzO2 or with 
400 nmol of radioactive (SCN)2. Radioactive products were separated 
by thin-layer chromatography with solvent A .  

yields of both derivatives were obtained when the ratio of 
SCN- to H202 was about two. As HzO2 exceeded SCN-, the 
yield of both derivatives decreased, indicating that attack by 
H202 or by oxidation products of SCN- resulted in loss of 
sulfur and carbon from these derivatives. The major product 
a t  low ratios of SCN- to H202 was the derivative containing 
carbon. A similar dependence on H202 and SCN- concen- 
trations was observed with derivatives of tyrosine. At low ratios 
of SCN- to H202 only one derivative of tyrosine was observed 
(the low-yield derivative in Table I ) .  

Figure 7 shows incorporation of carbon and sulfur into po- 
lyhistidine and polytyrosine upon incubation with the peroxi- 
dase system. The incorporated radioactivity was not released 
upon addition of DTT. Results obtained with the poly(amino 
acids) were similar in most respects to those obtained with the 
individual amino acids; incorporation of carbon exceeded that 
of sulfur, yield was low relative to the amount of H202 added, 
and incorporation into polyhistidine exceeded that into pol- 
ytyrosine. Results differed in that incorporation continued to 
increase as H202 exceeded SCN-, and the ratio of incorpo- 
ration of carbon to sulfur was much higher with polytyrosine 
than with tyrosine. 

N o  radioactive incorporation was observed with poly(L- 
alanine), -(L-lysine), -(L-arginine), -(L-asparagine), -( L-glu- 
tamic acid), -(L-serine), or -(L-0-acetyltyrosine). The low 
solubility of polytryptophan prevented study in this system. 
Dimethyl sulfoxide was added to assist solubilization of PO- 
ly(amino acids). The presence of dimethyl sulfoxide had no 
effect on incorporation into BSA. 

Discussion 
Modification of BSA by products of lactoperoxidase-cata- 

lyzed oxidation of SCN- was sequential. There was prefer- 
ential incorporation of the intact SCN moiety into a derivative 
of cysteine residues. When this incorporation was complete, 
carbon and sulfur were incorporated into other derivatives. 
presumably of tyrosine, tryptophan, and histidine residues. 
Similar sequential modification of BSA and formation of 
identical amino acid derivatives were obtained with (SCN)l.  
These results suggest that lactoperoxidase catalyzed the oxi- 
dation of SCN- to (SCN)2: 

lactoperoxidase 
2SCN- + H202 + 2H+ (SCN)* + 2H20 

This reaction is analogous to the peroxidase-catalyzed oxida- 
tion of a halide ion to a halogen. 
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Consistent with the halogen analogy, sequential modifica- 
tion first of sulfhydryls and then of aromatic amino acid resi- 
dues is observed during the reaction of iodine with proteins 
(Cohen, 1968). Iodine oxidizes protein sulfhydryls and then 
iodinates tyrosine and histidine residues. Oxidation of tryp- 
tophan by iodine has also been reported (Alexander, 1974). 

Although (SCN)2 has often been postulated as the product 
of nonenzymatic oxidation of SCN- (Hughes, 1975), (SCN)2 
hydrolyzes rapidly and has not been demonstrated in water at 
neutral pH. Hydrolysis of (SCN)2 yields SCN- and hy- 
pothiocyanous acid, HOSCN (Hughes, 1975). Accumulation 
of HOSCN is observed during peroxidase-catalyzed oxidation 
of SCN- (Aune and Thomas, submitted for publication). 
Whereas similar modification of aromatic amino acids was 
obtained with (SCN)2 or the lactoperoxidase system, HOSCN 
does not react with tyrosine or tryptophan (Aune and Thomas, 
unpublished results). This observation suggests that (SCN)2 
rather than HOSCN is the first product of lactoperoxidase- 
catalyzed oxidation of SCN-. An enzyme-bound oxidized form 
of SCN- such as SCN+ may be the precursor of (SCN)2. 
However, the sulfhydryl of BSA would not be accessible to the 
active site of lactoperoxidase (Thomas and Aune, 1977), so 
that a diffusible product such as (SCN)2 or HOSCN would 
be required for modification of this sulfhydryl. 

Reaction of (SCN)2 with sulfhydryls, phenols, and hetero- 
cyclic aromatic compounds has been described previously 
(Wood, 1946; Bacon, 1961). The S C N  moiety of (SCN)2 is 
introduced, to give the sulfenyl thiocyanate derivative of 
sulfhydryls and the aryl thiocyanate derivatives of aromatic 
compounds. The DTT-reversible incorporation of the S C N  
moiety into BSA is due to formation of the sulfenyl thiocyanate 
derivative of protein sulfhydryls (Aune and Thomas, 1976). 
Of the aromatic amino acids, only histidine reacted to give a 
major derivative containing both carbon and sulfur. The 
preferential incorporation of carbon into aromatic amino acid 
residues may result from reaction with breakdown products 
of (SCN)2. For example, sulfur dicyanide (NC-SCN; cy- 
anogen thiocyanate) may be formed in small amounts during 
the decomposition of (SCN)2 (Hughes, 1975). Alternatively, 
loss of sulfur from aryl thiocyanates may result from oxidation 
by excess H202 or (SCN)2. Further investigations will be re- 
quired to clarify the mechanism of these reactions. 

Several differences were observed between results obtained 
with the lactoperoxidase system and with (SCN)2. First, in- 
corporation of the S C N  moiety continued to increase when 
(SCN)2 exceeded the amount of protein sulfhydryls. The 
sulfenyl thiocyanate derivative of BSA is in equilibrium with 
sulfenic acid and free SCN- (Aune and Thomas, 1976) and 
SCN- is one of the products of (SCN)2 hydrolysis. Therefore, 
the hydrolysis of excess (SCN)2 would shift the equilibrium 
toward incorporation of the S C N  moiety. Second, the yield of 
incorporation of carbon into tyrosine was higher with the 
lactoperoxidase system than with (SCN)2. Tyrosine binds at 
the active site of lactoperoxidase (Morrison and Schonbaum, 
1976), which may facilitate the reaction between tyrosine and 
products of SCN- oxidation. Third, a DTT-reversible type of 
carbon incorporation and a greater incorporation of sulfur were 
obtained in the reaction of (SCN)2 with BSA. In the lacto- 
peroxidase system, these types of incorporation may have been 
eliminated by reaction with Hz02. 

Results presented here suggest that the basis of the anti- 

microbial and antithyroid action of SCN- could be the per- 
oxidase-catalyzed incorporation of SCN- into derivatives of 
biological components. In the thyroid, SCN- may be incor- 
porated into thyroglobulin or other proteins in place of iodide 
A high ratio of incorporation of the carbon moiety of SCN-, 
compared to the sulfur moiety, would be consistent with the 
reported accumulation of the sulfur moiety as sulfate (Wood 
and Williams, 1949). Modification of cysteine, tyrosine, 
tryptophan, and histidine residues of proteins could inactivate 
enzymes and disrupt cellular structure. Therefore, these 
modifications would be sufficient to account for the antimi- 
crobial action of the peroxidase system. 
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