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SUMMARY 

A method is described for the hydrolysis of proteins, amino acids and carbo- 
hydrates for the liberation of N- and 0-acetyl and formyl groups. The acetyl and 
formyl phenacyl esters are prepared by means of crown ether catalysis and determin- 
ed by gas-liquid chromatography using the flame-ionization detector_ Quantitative 
results are given with samples containin g about 20 nmol of acetyl or formyl group. 
The method is also applicable to the determination of N- and 0-propionyl groups. 

INTRODUCTION 

Narita’ first isolated and characterized the N-acetylated peptide from the N- 
terminus of tobacco mosaic virus protein. Acetyl groups have since been shown to 
occur in proteins obtained from a variety of sources and about 80% of the soluble 
proteins from Ehrlich Ascites cells were reported to be N”-acetylated’. N”-Acetyl- 
amino acids have been reported in a wide range of proteins, including adenylatc 
kinase, carbonic anhydrase, superoxide dismutase, several dehydrogenases, cyto- 
chrome c, parvalbumins, a-melanocyte stimulating hormone, histones and kera- 
tins3s4. The presence of N-formyl groups has been well established in protein chain 
initiation on the ribosome and N”-formyl-blocked proteins have been reported5.6. 

A variety of methods for the determination of acetate were published. Acetate 
was determined by enzymic methods ‘-is. Acetate in proteins in the range 0.1-I .O 
p-m01 was determined as the l-acetyl-2-dinitrophenylhydrazine derivativeig.“. Using 
l-2 mg of protein, formyl and acetyl groups were determined as their I-acyl-2-Dns- 
hydrazine derivatives, although the yield of the formyl group was only about 10% 

that for the acetyl group”. Mucopolysaccharides were hydrolyzed with methanolic 
HCl and the methyl acetate determined as the hydroxamate by calorimetry”. Acid 
hydrolysis was used to liberate acetic acid from protein hexosamines and the acetic 
acid titrated after steam distillation’3*‘4. Proteins were hydrolyzed and the N- 
acety125*26 and the N-formy16 amino acids were separated by high-voltage electro- 
phoresis and the amino acid determined_ The determination of N”-blocking groups in 
proteins is possible by mass spectrometry (MS). but about 50 nmol of a short peptide 
carrying these groups must be isolated firstz7. 
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Gas chromatography in the free acid form was used for the determination of 
acetic acid in a variety of biological solutions such as p!asma and urine28-37, in 
biological materials38*3g and attached to proteins’o*41 and lipopolysaccharides”. 
Protein acetyl groups were hydrolyzed by methanolic HCl and the methyl acetate 
formed was determined by gas-liquid chromatography (GLC)“3*a. A method using 
acid fusion reaction gas chromatography for biological materials was reporteda5. 

We report here on a method for the direct determination of acetyl and formyl 
groups attached to amino acids, proteins and carbohydrates. The method is equally 
applicable to propyl groups, although these have not been reported in proteins. After 
alkaline hydrolysis of the sample the potassium salts of acetic and formic acid are 
converted to the phenacyl esters prepared by means of crown ether catalysis and 
determined by GLC. A preliminary report was published16. 

EXPERIMENTAL 

Appuratus 

A Pye Series 104 Model 24 gas chromatograph. fitted with dual flame-ioniza- 
tion detector (FID) (Pye-Unicam, Cambridge, Great Britain) was used with a 
Speedomax W 1 mV, I-set strip chart recorder (Leeds & Northrup, Birmingham, 
Great Britain). Integration of the peak areas was carried out with the Kent Chro- 
malog 2 and Vidar Autolab 6300 digital integrators (Anachem, Luton. Great 
Britain). Nitrogen (99.9% “white spot” from BOC. Wembley, Great Britain) was 
used as carrier gas. 

Materials 

Chemicals and stationary phases were obtained as follows: phenacyl bromide. 
potassium acetate. N-acetylglycine. trimethylchlorosilane (BDH. Poole. Great 
Britain), dicyclohexyl-lS-crown-6 (Aldrich, Milwawkee, WI, U.S.A.), JXR. XF- 
1105, XE-60, ECNSS-S and EGSS-X (Applied Science Labs.. State CoilegeZ PA. 
U.S.A.), Dexsil 300 GC and EG isophthalate (Analabs, North Haven, CT, U.S.A.). 
GMHS. GMS and WOL (Advita. Walton-on-Thames. Great Britain), SE-52. BDS 
and QF-1 (F & M Scientific, Avondale, PA, U.S.A.), Chromosorb W HP 80-I 00 
mesh (Field Instruments, Richmond, Great Britain), EG distearate and PPSeb (Reo- 
plex 100) (Griffin & George, Alperton, Great Britain), SE-30 (E301) (ICI, Stevenston. 
Great Britain), MS-200 (Hopkin & Williams, Chadwell Heath, Great Britain). An- 
tarox CO-990 (Perkin-Elmer, Beaconsfield, Great Britain), rz-octadecane, OV- 17, OV- 
Z OV-61. OV-225, Celite 560, 85-100 mesh (Phase Separations. Queensferry, Great 
Britain), Porapak Q (Waters Assoc., Milford, MA, U.S.A.), BDA, NPGA, NPGG. 
NPGP, NPGS and NPGSeb were previously prepared”‘, N-acetyl-DL-leucine, N- 
acetyl-r-tyrosine and N-acetyl-Dr_-phenylalanine (L. Light & Co.. Colnbrook. Great 
Britain) and N-acetyl-L-aspartic acid, N-acetyl-r_-glutamic acid, 0-acetylserine. N- 
formyl-L-leucine, N-formyl-t-methionine, N-formyl-L-tyrosine, N-formyl-Dr_-valine. 
chicken egg albumin and egg white lysozyme (Sigma, St. Louis, MO, U.S.A.). Micro- 
capped centrifuge tubes (OS ml) were obtained from Hughes & Hughes (Harold- 
wood, Great Britain). 

Acetylated cholesterol and carbohydrates were a gift from Dr. N. R. Williams 
(Birkbeck College, University of London, London, Great Britain) and carbonic an- 
hydrase from Dr. N. Spencer (King’s College, London, Great Britain)_ 
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Hydrolysis of samples arzd preparation of esters 
N-Acetyl compounds were hydrolysed with 1 M KOH in 0.5 ml polypropylene 

micro-capped centrifuge tubes in an autoclave at 15 p.s.i. (123°C) for 3 h. After 
hydrolysis, the tube contents containing 20-100 nmol of acetate or for-mate were 
transferred to glass tubes (5 x 0.5 cm I.D.) followed by 5 x 25 ~1 washings of 
distilled water. The solution was neutralised to phenolphthalein end-point with HBr 
and taken to dryness. Phenacyl bromide and dicyclohexyl-l&crown-6 in the propor- 
tion 1O:l (moI/mol) in benzene solution (25 ~1) were added. The tube was sealed and 
incubated at 80°C for 30 min with occasional shaking. A five-fold molar excess of 
phenacyl bromide over the expected acetate was used. Toluene was not a satisfactory 
substitute for benzene. Aliquots of 1 ~1 were injected onto the GLC column. 

RESULTS AND DISCUSSION 

Successful methods were reported for the determination of volatile fatty acids 
by chromatography in their free acid form 2842 Acetic acid was determined after _ 
preliminary acid hydrolysis of N-acetylamino acids and N-acetylglucosamine38 and 
of proteinssO,~‘. Some preliminary experiments were carried out with hydrolysis of 
N-acetylamino acids in sealed tubes with 2 and 6 M HCl at 110°C for periods up to 
24 h38v41. The acetic acid liberated was determined by GLC. Protein samples with S- 
17 pmol acetate were used4’, but here with samples containing 5&100 nmol of ac- 
etate inaccurate results were obtained, despite precautions taken to prevent volatility 
losses. In addition, the analysis of free fatty acids with the injection of aqueous 
solutions leads to problems arisin, m from the accumulation of non-volatile com- 
pounds at the injection head of the column, destruction of stationary phase and 

ghosting (see review ref. 48) and the known effect of water on the response of the 
FfD”%“9_ The problems with tailing solvent32*37.5S.So and free acid peaks31.36 3’ 
were shown. Some of these problems could be avoided by isolation of free acetate by 
steam distillation’8 or by microdistillation15*38’39*~3 and some workers extracted the 
acetate into a non-aqueous medium, such as terf.-butyl ethyl ether”.“. However. 
these methods involved additional manipulation which did not commend themselves 
for work at high sensitivity. The determination of small quantities of acetic acid in its 
acid form with the FID necessitated the use of low attenuation of the signal. e..~. 
8.10-r” A/mV, with the attendant problems of a noisy baseline when working near 
the limits of the apparatus3’. 

In order to improve the sensitivity of the method for acetate and also to 
determine formate in addition with the FID it was considered best to work with high- 
molecular-weight ester derivatives. The use of crown ethers introduced by Pedersen” 
for ester formation by reaction of the potassium salt of the acid with a primary 
bromide”2-55 offered a method which was applicable to small samples, and phenacyl 
esters were selected for the determination of both acetyl and formyl groups. 

46 It was previously shown that the best results were obtained with phenacyl 
bromide and dicyclohexyl-IS-crown-6 in 1O:l mol ratio in benzene solution at 8O’C 
for 30 min. With phenacyl bromide:potassium acetate mol ratios 1.07 and 2.14 the 
yields of phenacyl acetate were 73.5 and 95.5 O’ jO, respectively_ With molar excess ratios 
ranging from 3.2 to 32 the yields were 95.5 o/o + 4.36 for II = 32 samples. A five-foio 
molar excess of phenacyl bromide over acetate was adopted. A large excess of phe- 
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nacyl bromide interfered with the desired derivative peaks. A similar method was 
reported for valproic acid in serums6. 

Solvent tailing is often a problem with GLC because of its interference with 
early eluting peaks. Acetonitrile was reported to be the best solvent for rapid ester 
formation with crown ethers 53 However, this solvent tailed badly on our column (see . 
ref. 56) and benzene was preferred. Other non-tailing solvents were chloroform and 
carbon disulphide, but the recoveries were not satisfactory using these solvents for the 
reaction. 

In Table I the retention times for phenacyl formate, acetate and propionate 
relative to that of phenacyl bromide are given for 23 different stationary phases. Most 
of the silicone phases gave tailing peaks. The mixed silicone columns’ gave the best 
separation but the peaks tailed badly. Amongst the ten polyester phases examined 
only PPSeb and EG distearate showed any effective resolution between the formate 

TABLE I 

RELATIVE RETENTION DATA FOR PHENACYL ESTERS 

The figures are retention times relative to phenacyl bromide taken as 1 .OO. The retention time in minutes 
for phenacyl bromide is given in brackets. 

Liqrtidphase Liquid- colwtln. 
solid *emp. 
(% w/w) I”C) 

Phenac_rl 

Bromide Formare Acetate Propionare 

Dewil 300 GC 1 
SE-30 3 
SE-57 3 
JXR 3 
LMixed silicones* 1 
ov-17 5 
ov-25 s 1 
OV-61 3 
ov-225 1 
XF-I 105 7 
Antarox CO-990 2 
ECNSS-S 2 
EGSS-X 2 
BDA 2 
BDS 2 

NPGA 2 
NPGG 1 
NPGP 2 
NPGSeb 2 
NPGS 5 
PPSeb 7 
EG distearate 2 
EG isophthalate I? 
GMHS . 7 
GMS 7 
WOL 2 
PPSeb-GMS (3:2, w/w) 7 

110 
110 
125 
125 
125 
140 
125 
125 
125 
125 
150 
150 
150 
150 
150 
150 
150 
120 
150 
175 
150 
125 
150 
150 
125 
1% 
150 

(7.38) 1.17 1.60 2.77 
(8.86) 1.16 1.71 2.84 
(5.91) 1 .oo 1.47 2.27 
(6.30) 1.00 1.47 2.41 
(4.72) 1.54 1.79 2.91 

(10.43) 1.09 1.53 3.38 
(7.29) 1.19 1.65 2.46 

(13.40) 1.12 1.60 2.57 
(4.33) 1.43 1.67 2.41 
(5.02) 1.24 1.63 2.57 

(10.04) 2.18 2.18 2.63 
(6.89) 1.77 1.86 2.09 
(6.23) 1.89 1.89 2.16 

(12.99) 1.53 I.53 2.00 
(4.75) 1.71 1.71 2.73 

(12.01) 1.56 1.64 1.20 
(8.07) I.51 1.51 2.07 
(7.48) 2.03 2.2 1 3.00 
(7.87) 1.25 1.40 1.15 
(9.80) 1.51 1.52 1.90 

(15.45) 1.32 1.46 7.01 
(16.90) 1.09 1.44 2.36 

(4.92) 1.72 1.72 2.20 
(9.55) 1.20 1.58 2.33 

(14.96) 1.15 1.52 2.52 
(18.31) 1.17 1.55 2.52 

(8.37) 1.22 1.43 2.09 

* XE-hO-QF-l-MS-200 (462727, w/w/w) on Chromosorb W HP, 80-100 mesh5’. 
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and the acetate. The surfactant phases (GMHS, GMS and WOL) separated phenacyl 
formate from phenacyl acetate, but phenacyl bromide was very close to the formate. 

A liquid phase was developed which consisted of PPSeb and GMS mised 
together in the proportions 3:2 (w/w) and coated (3x, w/w) either onto Celite 560 
AW DMCS or onto Chromosorb W HP support material. This resolved the phenacyl 
esters and also avoided interference from the large peak due to the reagent phenacyl 
bromide which was unavoidably present in large excess, as shown in Fig. 1. During 
the preparation of the phenacyl esters, small amounts of phenacyl chloride were 
formed by interchange between phenacyl bromide and contaminating chloride ion.?. 
Acetophenone also appeared as a minor component. The identity of the peaks of 
compounds shown in Fig. 1 were confirmed by GLC-IMS. Table II presents the 
details of the fragmentation patterns obtained for these peaks. In all cases the mass 
ton was Identified and the base peak at nl/e 105 was assigned to (C,H5CO)‘. Similar 
artifact peaks were obtained with the GLC of pentafluorobenzyl esters prepared by 
crown ether catalysiss5. 

, 
0 5 10 15 20 25 

Time (mln I 

Fig. 1. GLC separation of phenacyl ester derivatives on PPSebGIMS coIumn. GLC conditions: Pye Series 
104 Model 24. FID. Glass column (3 m x 2.5 mm I.D.) packed with 2 7: mixed stationary phase PPSeb- 
GMS (60:40, W/W) on Chromosorb W HP 80-100 mesh. Oven temperature, 15O’C. Carrier gas, nitrogen. 
30 mlimin. hydrogen 30 mllmin. air 450 mI/min. Sample size. I ~1. Attenuation, 1 . IO-” A 11s.d. 

The relative molar response Lalues of phenacyl formate. acetate and propio- 
nate against octadecane determined with the FID are given in Table III. The response 
of phenacyl formate was lower than would be expected (by approximately 8-9 76) for 
a linear relationship response/carbon number for the homologous series of esters. 
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* I * 9 c 2 4 6 8 10 
n mol in Jetted 

1 2 3 4 5 6 7 0 9 
Time ( hours 1 

Fig. 2. Response-concentrationcurves for phenacyl esterderivatives. Preparation ofsamples: a solution was 
prepared containing phenacyl formate, phenacyl acetate and phenacyl propionaite (10 ,umol of each/ml 
benzene). This solution was further diluted to give the required concentration of phenacyl ester derivatives. 
Sample size, 1 pl. GLC conditions as in Fig. 1. 0, Propionates; A, acetate; 0, fonnate. 

Fig. 3. Time course for hydrolysis of N-acetylglycine with 6 M HBr. Individual samples (683 nmol) were 
hydrolysed with 50 ~1 of 6 M HBr in sealed tubes at 110°C for increasing periods of time. The tubes were 
frozen, opened, and the contents allowed to thaw. The contents were neutralized to phenolphthalein end- 
point with 2 M KOH. The tube contents were dried under nitrogen gas at 80°C and the ester prepared as 
described in the Experimentai section. GLC conditions as in Fig. 1. 

with acid hydrolysis were below 90 ‘/& The low recoveries were attributed to losses of 
volatile acetic acid despite the use of sealed tubes or Reacti-vial; for the hydrolysis 
and cooling before opening. It was claimed that N-formyl groups in peptides could be 
removed by refluxing with 0.5 M HCl in methanol for 1 h, with yields of SO-95 %5’S 
We did not investigate acid hydrolysis any further but studied alkaline hydrolysis. 

Fig. 4 shows the time courses for the alkaline hydrolysis of N-acetylalanine and 
N-acetylglycine at 15 p.s.i. (123°C). N-Acetylalanine required 3 h for complete hy- 
drolysis with 1 M KOH. About 2 h were required for N-acetylglycine using 2 M 
KOH. The use of higher concentrations of KOH to shorten the hydrolysis time was 
not studied, because the excess of KBr formed on neutralization subsequently intcr- 
fered with the formation of the phenacyl esters. 

The results for the hydrolysis of N-acetyl- and N-formylamino acids with 1 M 
KOH are given in Table IV. The values were about 10 % higher than those for acid 
hydrolysis and ranged from 93.1% for N-formyl leucine to 97.5 % for N-acetylas- 
partic acid. 

Some 0-acetylated hexoses and cholesterol acetate were hydrolysed with 0.5 M 
KOH at 123°C for 3 h. The results in Table V show that the expected molar ratios of 
acetate were obtained for each compound_ The N-acetyl group in N-acetylmannos- 
amine required 1.0 M KOH for complete hydrolysis. 0-Acetyl groups are more 
easily hydrolyzedIg and weaker alkali may be used than for N-acetyl groups. It was 
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TABLE IV 

RECOVERY OF ACETATE AND FORMATE AS PHENACYL ESTERS AFTER ACID AND 
ALKALINE HYDROLYSIS OF N-ACETYL- AND N-FORMYLAMINO ACIDS 

Acid hydrolysis for 4 h with 6 M HBr at 1 IO’C (n=3). Alkaline hydrolysis for 3 h with I M KOH at 15 
psi. (123°C) (n=S). GLC conditions as in Fig. 1. 

COlIl~OfIiJd 

N-Acetylalanine 
N-Acetylaspartic acid 
N-Acetylglutamic acid 
N-Acetylglycine 
N-Acetylleucine 

N-Acetylmethionine 
N--4cetylphenylaIanine 
N-Acetyltyrosine 
N-Formylleucine 
N-Formylmethionine 
N-Formylvaline 

* Not determined. 

Acid h_vdroi_vsis Alkaline h_vdrolFsis 

Calcttlared Recowrv (:/,j Calculared 
f SD. - 

Recover) (7; j 
(W?lOIj (t11?1oij t S.D. 

150 87.3 f 1.76 59 94.9 + 1.69 
110 83.6 f 3.96 41 97.5 * 1.34 
145 85.7 * 7.11 30 96.1 + 3.70 
140 93.4 t 4.67 t 
148 86.9 + 1.70 l 

125 89.1 + 3.55 52 96.3 + 1.38 
* 73 96.9 + 1.16 

135 85.1 + 3.73 43 95.1 f 4.37 
I50 84.9 t 4.67 61 93.1 * 1.37 
131 88.7 I 4.61 65 96.6 + 1.28 
141 55.6 + 4.76 80 95.1 + 1.63 

claimed that 0-acetyl groups in lipopolysaccharides could be selectively determined 
after hydrolysis with 0.05M NaOH for 3-4 h at room temperature4’. 

The method was required for application to proteins and peptides and it was 
necessary to look both for spurious production of formate and acetate resulting 
from alkali treatment and also any occluded or adsorbed from buffer solutions during 
the isolation of the protein. Table VI presents the results for the production of 
formate and acetate from some amino acids and sugars after treating them with 1 M 
KOH at 123°C for 3 h. Sugars gave rise to a lot of acetate and formate. Thus, from 1.0 
pmol of galactose, 25 nmol of formate and 19 nmol of acetate were obtained. 
Amongst the amino acids tested, the highest yields of formate and acetate were given 
by cysteine. One pmol of cysteine produced about 10 nmol of formate and 20 nmol of 
acetate, but cystine produced less than twice as much on a mol to mol basis. Serine 

0 1 2 3 4 
Ttme (hours) 

FIN. 4. Alkaline hydrolysis of N-acetyIated compounds. A, 1 M KOH; N-acetylglycine. Cl. I &f KOH; 
N-acetylalanine. 
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TABLE V 

RECOVERY OF ACETATE FOLLOWING ALKALINE HYDROLYSIS OF ACETYLATED 
SUGARS AND CHOLESTEROL 

Hydrolysis with 25 ~1 of 0.5 &I KOH at 15 p.s.i. (123’C) for 3 h, except for N-acety!mannosamine 1.0 &f 

KOH. 

Compound 

Arabinitol pentaacetate 

Epi-2-inositol pentaacetate Epi-inositol hexaacetate 
Epi-inosamine hexaacetate 
N-acetylmannosamine 
Cholesterol acetate 

Calculated Recowr_t Residues 
(nn101) (nmol + S.D., II = 5) (mol/nlol) 

12.4 61 + 2.45 5 

8.97 45 * 2.50 8.10 47 + 1.64 2 
6.96 40 & 2.16 6 

48.0 47 i 2.12 1 
35.0 32 I 1.43 1 

gave a small amount of acetate (2.5 nmol/pmol serine), whereas threonine gave 0.7 
nmol acetate/pmol. 

It was reported that acetate in proteins could not be determined after alkaline 
hydrolysis because of the decompositon of certain amino acids, particularly threo- 
nine. Also, sugars yielded both formate and acetate41. Our results may be compared 
with those using acid hydrolysis. Threonine reacted with 3 M H2S0, at 105’C for 24 
h yielded 9.3 nmol acetate/pm01 and with 6 M H,SO, at 110°C for 16 h 1.0 pmol of 
monosaccharide gave 6.5 nmol of acetate4’. 

It was claimed that propionyl groups could only be determined in the absence 
of cystine and cysteine using the hydrazinolysis method’g. As reported in Table VI 
only threonine yielded a small amount of propionic acid and this was not sufficient to 
prevent propionyl group determination. 

TABLE VI 

PRODUCTION OF FORMATE AND ACETATE FRO,M SUGARS AND FREE AiMIN ACIDS 
AFl-ER TREATMENT WITH ALKALI 

Sugars (n = 3) and amino acids (!I = 4) hydrolyzed with 50 pl of 1 ‘11 KOH at 15 psi. (123’C) for 3 h. 

.&i1011l11 rrrnol & SD. 
hydrolyzed 

(Pou Formare Acerate 

Galactose 1.8 45.0 + 3.61 34.0 f 4.72 
Glucose 2.1 43.0 + 3.99 35.0 + 7.09 
Lactose 1.85 54.0 f 6.11 39.0 f 6.05 
Arginine 2.36 nil nil 
Aspartic acid 3.16 0.36 f 0.08 0.66 + 0.06 
Glutamic acid 3.04 0.33 * 0.09 0.26 & 0.04 
Cysteine 2.37 23.2 * 3.08 45.9 + 5.57 
Cystine 1.64 26.4 f 5.01 49.2 + 5.22 
Serine 3.64 1.22 + 0.32 9.02 + 0.36 
Threonine* 3.06 1.89 + 0.43 2.22 & 0.40 

* Propionic acid 1.31 nmol & 0.23 S.D. was also found. 
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Fig. 5. GLC of phenacyl acetate and formate obtained from proteins after alkaline hydrolysis. (a) Chicken 
egg albumin (23 nmol), (b) carbonic anhydrase (37 nmol) and (c) egg white lysoqme (100 nmol). Each 
sample was dissolved finally in 25 pl of benzene and 1 ~1 injected. GLC conditions as in Fig. 1. Peaks: 1 = 
phenacyl bromide; 2 = phenacyl formate; 3 = phenacyl acetate; 4 = octadecane (internal standard). 
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It may be concluded that the spurious production of excess acetate and for- 
mate due to side reactions2’ when determining these groups on proteins may be 
overcome by the appropriate use of control samples. In addition, compensation can 
be made for acetate and formate contaminants of both the samples and the reagents. 

The method was applied to lysozyme, carbonic auhydrase and ovalbumin 
which were dialysed four times against distilled water and lyophilised. The dialysis 
residue was then acidified with 1 M HBr and lyophilised four more times in order to 
remove free acetate and formate. However, some free acetate and formate were still 
detectable_ Sephadex gel filtration as a method of removing bound ligands from 
macromolecules60 was not satisfactory for removing formate and acetate because of 
the high blank values obtained from water samples passed through the column. These 
high values were attributed to traces of carbohydrate material from the Sephadex. 

Fig. 5 shows the GLC traces obtained with carbonic anhydrase, chicken egg 
albumin and egg white lysozyme. All three proteins gave peaks which showed the 

presence of small amounts of formate. In addition lysozyme showed a peak for 
acetate. Control values were obtained by preparing the phenacyl esters without pre- 
kious alkaline hydrolysis. The quantitative results are given in Table VII. The controls 
yielded values of less than 0.09 mol acetate/m01 protein and if these were deducted 
from the values after alkaline hydrolysis, the results agreed with the expected molar 
ratios of 4, 1 and 0 for albumin, carbonic anhydrase and lysozyme, respectively. 

TABLE VII 

DETERMINATION OF ACETATE IN PROTEINS 

Hydrolysis conditions: 1 M KOH at 123’C for 3 h. 

Protein Acetatejproteitz ratio (tnoI/nzol) 

Without hydrolysis iVirh hydrolysis Dlxerence 
(n=3) (n=j) 

Albumin 0.0713 & 0.006 3.971 f 0.082 3.90 
Carbonic anhydrase 0.0868 + 0.004 1.12s + 0.033 1.04 
Lysozyme 0.0534 _t 0.003 0.092 f 0.011 0.04 

The determination of formate in a protein has not been determined here, al- 
though the method gives good results with N-formylamino acids. The determination 
of phenacyl formate presents no particular problem, but where formic acid was de- 
termined as its methyl ester by GLC there were problems with a large tailing solvent 
peak”. GLC offers a more convenient method than that involving hydrazinolysis for 
the determination of both formyl and acetyl groups in proteins21. Enzymic methods 
required 100-900 nmol”, 17-250 nm01’~, a minimum of 80 mnol with an average 
recovery of 90 ‘%“. 5-55 nmol” or 3-12 nmol” of acetate. It is often difficult to make 
a direct comparison between GLC methods because certain details are often missing, 
e.g. final volume of sample, the size of the aliquot injected or the attenuation of the 
recorder3& In general, 0.5 ml or more of biological fluid, such as plasma containing 
0.05-10 pm01 of acetate/ml3s was used for GLC and no report was found where 
attempts had been made to scale down the amount used. Protein samples containing 
8-l 7 pmol of acetate were analyzed by GLC?‘. The method described here allows the 
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determination of 20-100 nrnol of covalently bound acetate (also formate and pro- 
pionate). Further studies are in progress to scale down these quantities. 
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