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Summary 

We have developed a simplified assay for the enzyme iV-acetyltransferase, 
based upon the loss of fluorescence after acetylation of the substrate p-amino- 
benzoic acid. This method is sufficiently sensitive to permit the quantitation of 
N-acetyltransferase activity in 10s human lymphocytes. Using this method, we 
have compared the level of N-acetyltransferase activity in lymphocytes from 
adult peripheral blood and from cord blood samples. 

--. -I__ 

Introduction 

The enzyme ~-acetylt~sferase (EC 2.3.1.5) modifies aromatic amines by 
acetylation of the amino group. A genetic polymorphism determining liver 
N-acetyltransferase activity levels in human populations is responsible for 
individual variation in sensitivity to therapeutic doses of isoniazid and other 
drugs [I J. This enzyme is also present in rabbit leukocytes [2] and human 
lymphocytes [3]. We have developed a convenient assay procedure which is 
sufficiently simple and sensitive for screening purposes. Individual variation in 
levels of ~-a~etyltransfemse activity is of particular interest because of its role 
in metabolism of environmental mutagens and carcinogens [43. This simple 
quantitative assay may be useful for the identification of population subgroups 
with genetic differences in the rate of metabolism of exogenous aryl amines. 

Methods 

Unless indicated, chemicals were purchased from Sigma. N-Acetyl-p-amino- 
benzoic acid was obtained from Aldrich. 

* To whom correspondence should be addressed. 
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Preparation of lymphocytes. Ten ml samples of whole blood from adults or 
cord blood from their newborn offspring were collected at the time of birth 
with the informed consent of the participants. These samples were stored for 
1 day at 4°C in the presence of acid citrate dextrose (B and D Vacutainers). 
After centrifugation for 7 min at 1000 X g, the buffy coat (volume 1 ml) was 
diluted with 3 ml of phosphate buffer [5] and layered over 3 ml of Ficoll- 
Hypaque (Pharmacia). After centrifugation for 30 min at 400 X g, lymphocytes 
were recovered at the interface. The lymphocytes (ca. lo7 cells) were homo- 
genized in 1 ml of the phosphate buffer at 4°C with a Bronson Sonifier using 
pulsed sonication (50 set, 20% sound). 

Enzyme assay. Reaction conditions were identical to those described by 
Hearse and Weber [ 21. Assay mixtures contain 4 X lo-’ mol/l p-aminobenzoic 
acid (pABA) and 2 X 10e3 mol/l acetyl CoA in a total volume of 40-120 ~1 of 
phosphate buffer, pH 7.4. The reaction is stopped by the addition of l/4 
volume of 25% trichloroacetic acid. After centrifugation at 800 X g for 5 min, 
an aliquot of the supernate is diluted with 2 ml of 0.5 M sodium carbonate. 
The fluorescence of residual substrate was measured with an Aminco Spectro- 
fluorimeter using an excitation wavelength of 270 nm and an emission wave- 
length of 340 nm. For purposes of comparison, the spectrophotometric assay 
was carried out as described by Hearse and Weber [2]. Enzyme activity is 
expressed as nmoles of substrate metabolized per h per mg protein. 

Protein was determined by the method of Lowry et al. [6] using bovine 
serum albumin as standard. 

Results 

Effect of acetylation on the fluorescence of p-aminobenzoic acid 
p-Aminobenzoic acid, which has been commonly employed as a substrate for 

the enzyme N-acetyltransferase, is a highly fluorescent compound [7]. Since 
acetylation of aromatic amines is frequently accompanied by loss of fluores- 
cence [ 81, we compared the fluorescence spectra of pABA and N-acetyl-pABA. 
The fluorescence observed for the N-acetyl-pABA was approximately 1% of the 
value for an equimolar solution of pABA (Fig. 1). To determine whether this 
low residual fluorescence was the result of contamination of the N-acetyl- 
pABA sample with free pABA, we measured primary amino groups in the 
N-acetyl-pABA by diazotization [ 91. The results indicated that our sample of 
N-acetyl-pABA contains approximately 1% pABA. The residual fluorescence of 
N-acetyl-pABA is probably due to this contamination. 

Since acetylation of pABA results in virtually complete loss of fluorescence, 
measurement of fluorescence can be used to quantitate the extent of conver- 
sion of pABA to the acetylated compound. 

Assay requirements 
The assay is based on measurement of substrate depletion. Enzyme and sub- 

strate concentrations are chosen to produce conversion of 20-30% of the ini- 
tial substrate to product. The fluorescence of the complete reaction mixture 
is due predominantly to pABA (Table I). Since there is some quenching of 
fluorescence by acetyl-CoA, it is included in control mixtures. 
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Fig. 1. Fluorescence emission spectrum of acetylated and non-acetylated p-aminobenzoie acid. Excita- 
tion wavelength was 270 nm. - - - - - -, 10e5 mol/l p-aminobenzoic acid: -, lo4 mol/l N-acetyl-p- 
aminobenzoic acid. 

When acetyl-CoA is omitted from the reaction mixture there is no change in 
fluorescence. ‘This dependence on acetyl-CoA indicates that acetylation is the 
only reaction catalyzed by these lymphocyte extracts which results in conver- 
sion of pABA to a nonfluorescent product. Enzyme activity is calculated by 
subtracting the fluorescence of the complete reaction mixture from the fluores- 
cence of an identical mixture which was not incubated at 37°C. In Table I, the 
specific activity was equivalent to 75 rim/h//// protein. Under these conditions, 
the rate of the reaction is linear for 20 min (Fig. 2) and is proportional to 
enzyme concentration. 

~-Acetyltra~~~@~ase activity of ~~~a~ ly~~~~cy tes 
The major portion of ~-acetylt~nsfer~e in human blood is associated with 

the lymphocytes [lo]. We measured the activity of N-acetyltransferase in human 
lymphocytes with the new fluorescent method, and compared the results with 

TABLE I 

FLUORESCENT ASSAY OF N-ACETYLTRANSFERASE 

Reactions conditions are described in Methods. The reaction mixture contained 10’ lymphocytes. 

Reaction components Fluorescence units 

Controls: 
Minus enzyme 
Minus incubation 
Minus aetylGoA 
Minus p-aminomenzoic acid 

Complete mixture 

69 
69 
72 

4 
49 
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Fig. 2. Time course of the N-acetyltraosferase wsay. Reaction was followed by measurement of the loss 
of substrate fIuorescence. 

those obtained by the spectrophotometric procedure. Lymphocytes were 
prepared from pooled samples of adult or cord blood. The enzyme activity in 
lymphocytes from cord blood was approximately half of that in adult blood 
(Table II). Since the individuals in the newborn group sample are offspring of 

TABLE II 

N-ACETYLTRANSFERASE ACTIVITY OF HUMAN LYMPHOCYTES FROM ADULT AND CORD 
BLOOD 

Ten ml blood samples from four adults (two males and two females) or from two newborns were pooled 
prior to preparation of lymphocytes. 

Sample N-Acetyltransferase (nmlhlmg protein) 

Absorbance ~SSBY Fluorescence assay 

Adult lymphocytes 
I 
II 
III 

Cord blood lymphocytes 
I 
II 
III 

148 136 
136 128 
139 153 

71 73 
74 67 
75 60 
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the adult sample, the quantitative difference between the two groups is un- 
likely to result from genetic differences. 

Our results are in good agreement with the average value of 155 rim/h//// 
protein previously reported for adult lymphocytes [lo]. The agreement 
between the values we obtained by the fluorimetric and spectrophotometric 
assays indicates that the same enzyme is detected by the two. 

Discussion 

The fluorimetric assay of N-acetyltransferase has several advantages over the 
spectrophotometric method: it is faster, more convenient, and, in our hand, 
more reproducible than the earlier method. In addition, its five-fold greater sen- 
sitivity makes it possible to measure the enzyme in smaller blood samples. We 
have routinely assayed N-acetyltransferase in lymphocytes prepared from 10 ml 
blood samples; we have also been able to utilize l-ml samples. 

While both assays measure depletion of the substrate p-aminobenzoic acid, 
they differ in mechanism. The spectrophotometric assay detects the loss of free 
amino groups; the fluorometric assay detects modifications which reduce sub- 
strate fluorescence. Therefore, it is critical to establish both dependence on 
acetyl-CoA, and quantitative agreement with the spectrophotometric assay, 
when applying the fluorescent method to a new tissue. 

Storage of whole blood for more than 24 h prior to isolation of lympho- 
cytes caused a reduction in N-acetyltransferase activity. Repeated freezing of 
cell extracts also inactivated the enzyme. However, the enzyme may be stabi- 
lized by the addition of low6 mol/l acetyl-CoA prior to freezing (Brenner, W., 
McQueen, C. and Weber, W.W., unpublished results). 

Individual mammalian enzymes are characterized by unique temporal pat- 
terns of expression during ontogenic development. For example, many of the 
microsomal drug metabolizing enzymes of liver are absent or very low in new- 
born animals, and reach adult levels at different rates during postnatal develop- 
ment [ll]. In contrast to these enzymes, we find that N-acetyl transferase is 
present in cord blood lymphocytes at approximately 50% of the adult level. 
Drug acetylation during the perinatal period has also been observed by others 
[12]. In one study, in vivo acetylation of p-aminobenzoic acid was detected 
in Bday-old infants [13]. N-Acetyltransferase thus differs from some other 
drug metabolizjng enzymes in its relatively early time of appearance. The 
metabolic role of this enzyme during the perinatal period is not yet known. 
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