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CHAPTER 1 

INTRODUCTION 

The occurrence of acetylated α-amino groups on proteins was for 

the first time demonstrated for the coat protein of tobacco mosaic virus 

(1). Since then, a number of purified proteins from procaryotic and eu-

caryotic cells has been found to contain a-NH -acetylated terminal ami

no acid residues (Table 1). The N-terminal sequence of proteins has been 

implicated, apart from its contribution to the overall protein structure, 

in the proper folding of proteins (19) and in the transfer of proteins 

across membranes (20). These functions may be influenced by modifications 

of the a-NH -terminus. 

The a-NH -acetyl group of proteins appears to be metabolically stable, 

unlike the ε-ΝΗ -acetyl group in histones which turns over at an appre

ciable rate (21) and which presumably can be attacked by a deacetylase 

such as the enzyme found in calf thymus nuclei (22). 

The frequency of a-NH -acetylation has only recently become ap

preciated. The studies of Brown and Roberts (2/)) on soluble proteins 

from Ehrlich Ascites colls show that ΟΟ'-ό of these molecules are acety

lated on their N-terminal amino acid residues. Furthermore, observation 

of the a-NH -acetylated proteins identified so far, reveals a wide dis-

persity in size, conformation, function and origin (Table 1). Therefore, 

this extensive a-NH -acetylation of proteins suggests that the process 

might play a general physiologically important role in cells, although 

there is still no information available on the functional properties of 

such proteins that can be ascribed in general to amino-terminal acety

lation. 

The modification does not always appear as a characteristic of a single 

type of protein in different species. For instance, lobster glyceralde-

hyde 3-phosphate dehydrogenase is a-NH - acetylated while the same en

zyme is found with an unmodified N-terminal amino acid residue in pig, 

yeast, and man (?,); a similar observation can be made with cytochrome С 

variants, tobacco mosaic virus coat protein and other proteins. 
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Table 1 - α-amino aoetylated proteins. Species var iat ions are indicated 

by alternative residues at appropriated positions. Proteins 

given without references indicate that those sequences are 

summarized in Dayhoff (2). 

Apoferritln (horae) 

Alcohol dehydrogenaee (horse) 

Alcohol dahydrogena» (yeaat) 131 

Coat protaln (alfalfa sosalc virus) (4) 

Carbonic anhydraae С (sheep, huaan) 

Glyceraldehyde Э-phosphate dehydrogenase (lobster) 

Heaoqlobin α-chaln (carp) 

Hlstone IV (bovine, rat, pig, pea) 

HI stone I (bovine, rabbit) 

Myosin A
2
 (rabbit) 

Myoglobin Inolluic aplysl· Ивасіа) 

Luteinizing hormone A (ovine, bovine, sheep) 

O-MSH (вавоаііап) 

Parvalbualn (frog) 

Riboscaal protein L7 (C.COli) 

Coat protein (tobacco mosaic virus) 

Troponin Τ (rabbit) tb> 

Hemoglobin β-chaIn (cat) (C) 

Parvalbualn (cartllagenous fish thornback-ray) (7) 

Glutamate dehydrogenase (neurospora crassa) 

Myelin basic protein (rat, human) 

Cytochrome С (plant) 

Parvalbumin (hake, carp, whiting) 

Carbonic anhydrase В (human) 

Parvalbumin (rabbit) 

Parvalbumin (pike) 

Keratin (sheep) 

Superoxide dlsmutase (bovine) 

Ribosonal protein S]e (E.coli) 

Coat protein (adenovirus hexon) (8Ì 

Fructose l,6-blphoBphatase (rat) (9) 

Lactate dehydrogenase (dogfish) (10) 

Hemoglobin α-chain (toad, frog) UÌ, 12) 

il-Crystallln (bovine) 

Tropoiyosin (rabbit) (li) 

Coat protein (turnip yellow mosaic virus) 

Troponin с (cardiac bovine) (14) 

Adenylate kinase (human, pig) (IS) 

Equine renal metallothloneln (16) 

Rabbit Bisele adenosine triphosphatase (17) 

Cytochrome С (vertebrate) 

Hemoglobin foetal (human) 

Ovalbumin (chicken) 

Lactate dehydrogenase (dogfish) 

Flbrlnopeptide В (bovine) 

Actln (rabbit) 

Cytochrome C550 (paracoccus denitrlfleans) 

Ca-binding protein (bovine intestin mucosa) (18) 

\c-Ser-Ser-Gln-Ile 

Ae-Ser-Thr-Ala-Gly 

Ac-Ser-Ile-Pro-Glu 

Ac-Ser-Ser-Ser-Gln 

Ac-Ser-Hls-His-Trp 

Ac-Ser-Lys-Ile-Gly 

Ac-Ser-Leu-Ser-Asp 

Ac-Ser-Cly-Arg-Gly 

Ac-Ser-Glu-Ala-Pro 

Ac-9er-Phe-Ser-Ala 

Ac-Ser-Leu-Ser-Ala 

Ac-Ser-Arg-Oly-Pro 

Ac-Ser-Tyr-Ser-Met 

Ас-Ser-Ile-Thr-Asp 

Ac-Ser-Ile-Thr-Lys 

Ac-Ser-Tyr-Ser-Ile 

(Asn) 

Ac-Ser-Asp-Glu-Glu 

Ac-Ser-Phe-Leu 

Ac-Ser-Ser-Ile-Thr 

Ac-Ser-Asn-Leu-Pro 

Ac-Ala-Ser-Gln-Lys 

(Ala) 
Ac-Ala-Ser-Phe-Ser-

(Thr) (Asn) 
(Ala) 
(Gin) 
(Asp) 
(Gly) 

Ac-Ala-Phe-Ala-Gty 
Ac-Ala Ser-Pro-Asp 
Ac-Ala-Met-Thr-Glu 
Ac-Ala-Lye-Aap-Leu 

Ac-Ala-Cys-Cys-Ala 
(Ser) 

Ac-Ala-Thr-Lys-Ala 

Ac-Ala-Arg-Tyr-Phe 

Ac-Ala-Thr-Pro-Ser 

Ac-Ala-Asp-Lys-Ala 

Ac-Ala-Thr-Leu-Lys 

Ac-Ala-Leu 

Ac-Met-Asp-Ile-Ala 
(VaDIThr) 

Ac-Net-Asp-Ala-Ile 

Ac-Met-Glu-Ile-Asp 

Ac-Met-Asp-Asp-Ile 

Ac-Met-Glu-Glu-Ly· 

Ac-Met-Asp-Pro-Asn 

Ac-Met-Glu-Ala-Ala 

Ac-Gly-Asp-Val-Glu 
(Ile)(Ala) 
(Ala) 

Ac-Gly-Hls-Phe-Thr 

Ac-Gly-Ser-Gly-He 

Ac-Thr-Ala-Leu-Lys 

Ac-Thr-Glu-Phe-Pro 

Ac-Asp-Glu-Thr-Glu 

Ac-Asn-Glu-Gly-Aep 

Ac-Lys-Gln-Ser-Pro 

file:///c-Ser-Ser-Gln-Ile


- i n 

severai investigators hav3 reported that different N-acetylami-

noacyl-tRNAs (24-26) serve as initiator of protein synthesis in various 

eucaryotic systems and as a consequence, an a-NH -acetylated protein 

should be produced. However, in vivo and in vitro studies of the synthe

sis of some a-NH -acetylated proteins (ovalbumin (27), histones (28) and 

bovine eye lens a-crystallin (29) ) show that these proteins are initia

ted with methionine. Furthermore, it appears that methionine is the 

initiating amino acid of eucaryotic proteins as in the case of bacteria 

(30—33). Thus it seems unlikely that N-acetylaminoacyl-tRNAs may be in

volved in initiation of the synthesis of a-NH -acetylated proteins. 

Following the observation of the nature of the amino acid occurring in 

the N-terminal sequence (including residues 1-10) of several a-NH -ace

tylated proteins, Jôrnvall (34) concludes that these sequences are lo

cated at the surface of the molecules. Therefore, the author suggests a 

protective function of acetylation, since proteins in general are most 

sensitive to proteolytic attack at exposed regions and some proteases 

are directed against certain free N-terminal residues. No satisfactory 

means of deacetylation in vivo or in vitro of a-NH -acetylated proteins 

being available so far, the validity of the suggestion remains to be 

verified. 

The comparison of proteins existing in vivo as major components of the 

same cell in the a-NH -acetylated and non-acetylated forms might give 

some information about the significance of such a modification. Three 

examples were noticed from the littérature : Feline hemoglobin В and A, 

E.coli ribosomal proteins L and L and the camel α-melanocyte stimu

lating hormone (a-MSH). 

The N-terminal sequence of the ß-chain of feline hemoglobin A is H-Gly-

Phe-Leu while the B-ß-chain is N-acetyl-Ser-Phe-Leu (35). Vla.uk et al 

did not observe any difference in the in vivo stability of cat hemoglo

bin A and В (361. However, hemoglobin В differs from hemoglobin A in 

its relative insensitivity to allosteric effectors on oxygen binding, 

such as 2,3-diphosphoglycerate (37) . There is now evidence that the 

positively charged amino group at the N-termini of the ß-chains are re

quired in the binding of organic phosphates (38). Thus the difference 

in physiological properties of these two molecules is directly related 

to the a-NH -acetylation of the ß-chains of one of them. 

Two proteins with identical sequences occurring in the same cell in the 

a-NH -acetylated and non-acetylated forms are the E.coli ribosomal pro

teins L and L : L being the a-NH -acetylated form of L (39). These 

http://Vla.uk
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proteins are known to be involved in protein synthesis, including the 

GTP hydrolysis dependent reactions of initiation, elongation and termi

nation. Both L and L.„ appear to be simultaneously present in E.coli 

ribosomes. The relative amounts of the acetylated and non-асеtylated 

proteins is a function of the stage of growth of the bacteria (40).The 

production of !>.„ and L- is regulated before their assembly into ribo

somes and the two proteins remain stable without conversion after as

sembly (41). The mechanism of this regulation is still unknown, the 

level of the enzyme involved in the acetylation reaction has been re

ported to be constant throughout the growth cycle (42). Furthermore, 

it seems that a-NH -acetylation has an effect on protein conformation 

as a large difference in Coomassie Blue binding has been noted for L_ 

and L (41) (Coomassie Blue binding is attributed to electrostatic 

forces) and since the ε-ΝΗ -groups of lysyl residues in free L were 

found more reactive towards reductive methylation than those of free 

Ij
12 ^ ^ ·

 B u t t h e
 f

u n c t
i

o n
 of acetylation of L.« is yet to be discovered 

as well as to what extent those two proteins are structurally related to 

homologous eucaryotic ribosomal proteins since they appear to be con

served throughout evolution both in structure and function (44). 

Ot-MSH has been identified in several mammalian pituitary glandsƒ in one 

case (camel) the hormone occurs in almost equal quantities in the a-NH„-

acetylated and non-acetylated forms. The acetylated molecules have a 

higher biological activity (leading to the melanine dispersion) than 

the unmodified protein (45). Similar results previously described using 

the chemically synthetized hormone had shown that the expression of its 

full biological activity requires ot-NH -acetylation of the N-terminal 

amino acid residue of the molecule (46). 

a-NH -acetylation of proteins has been reported to occur as 

a post-initiational or a post-translational process. 

a-NH^-acetylation of a-crystallin starts when the nascent peptide chains 

are about 25 amino acids long and is completed when the chains reach a 

length corresponding to 50 amino acids (47). Similar results are repor

ted for growing peptide chains bound to rat liver polysemes (48). This 

is the stage in elongation at which the ribosome no longer protects 

the growing peptide chain against proteolytic degradation (49). It 

seems therefore, that only a short segment of the N-terminal region of 

the nascent chain emerged from the ribosome when the acetylation reac

tion takes place. 

ot-NHp-acetylation of a completed protein has been demonstrated in vitPO 
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for E.coli ribosomal protein L free or bound to ribosomes (50t51), 

although there is no evidence that this does also occur in vivo. 

Synthesis of a-MSH obviously involves a-NH -acetylation of a completed 

protein. Adrenocorticotrophic hormone (ACTH, carrying an unmodified ex

amino group) appears to serve as a precursor for the smaller peptidic 

hormone. ACTH seems to be produced by the pars distalis of the pitui

tary gland and several modifications, including a-NH -acetylation, lea

ding to the production of a-MSH and corticotrophin-like intermediate 

lobe peptide (CLIP), would take place in the pars intermedia where 

a-MSH:'and CLIP are found (52-54). Indeed, a-MSH is only identified in 

animals with a distinct pars intermedia, its abscence in human pitui

tary gland is associated with the lack of this lobe (55), while a-MSH 

and CLIP are found in the human foetal pituitary gland which develops 

a rudimentary pars intermedia involuting shortly after birth (56).This 

observation might explain the fact that ACTH of which the 13 N-terminal 

amino acids are identical to a-MSH is never found a-NH -асеtylated. 

Therefore, a-NH -acetylation of completed proteins does not seem to be 

a characteristic specific of bacterial system. Assuming that a similar 

mechanism is involved in both cases (acetylation of completed proteins 

or of nascent polypeptides), binding to the ribosomes is not a prere

quisite for a-NH -acetylation of proteins. 

Several different amino acids may occur N-terminally acetylated. Assu-

Met Met 

ming that the same mechanism with fMet-tRNA and Met-tRNA is ope

rative in the synthesis of all procaryotic and eucaryotic proteins, 

respectively, it appears that most of a-NH -acetylated proteins do not 

retain the initiating amino acid as their a-NH -acetylated terminal 

residue. Obviously the removal of the formyl group and subsequently of 

the methionine for procaryotic proteins and the removal of methionine for 

eucaryotic proteins must occur before acetylation for the majority of 

a-NH -acetylated proteins. However, N-terminally acetylated methionyl 

residues occur in some proteins (Table 1); for one of them (a-crystallin) 

it has been established that this residue is the amino acid donated by 

the initiating tRNA (29). 

Therefore, it can be concluded that the removal of methionine from the 

N-terrainus of newly initiated proteins is not a general prerequisite for 

a-NH -acetylation although in most cases the initiating methionine is 

removed prior to acetylation. 

Little is known about the mechanism or the specificity of the 

acetylation reaction. The observation of the nature of the amino acid 
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occurring in the N-terminal position of a-NH^-acetylated proteins iden

tified so far, reveals serine and alanine in about three quarters of all 

cases, but methionine, aspartic acid and asparagine are also found 

(Table 1 ). However, a limited number of amino acids is also found in 

N-terminal position of non-acetylated proteins (S7t58). Methionine, 

alanine and serine are the major N-terminal amino acids in procaryotic 

soluble proteins, and consistently high frequencies of alanine and ser

ine are found as N-terminal amino acids in eucaryotic soluble proteins. 

Clearly other factors than the N-terminal amino acid must contribute 

to the specificity of the acetylation reaction. Table 1 shows the first 

four amino acids of a-NH -acetylated proteins; this choice was made 

according to the results obtained and presented in Chapter 3, but other 

factors seem to be involved in the acetylation reaction, therefore, in 

no case this sequence must be considered as containing the complete 

information for a protein to be acetylated. A conspicious feature among 

a-NH„-acetylated proteins identified so far, is that the amino acid which 

follows N-acetyl-methionine is always an acidic amino acid (aspartic or 

glutamic acid). However, one of this type of proteins (a-crystallin) is 

known to retain the initiating methionine as a-NH -acetylated terminal 

amino acid. Therefore, no hasty conclusion concerning the acetylation 

reaction can be drawn since two enzymes might be involved, the N-termi

nal methionine cleaving enzyme(s) of the newly initiated proteins and 

the Qt-NH -acetylating enzyme(s). The specificity of both enzymes still 

being unknown, a participation of the negative charge in either one or 

both reactions cannot be excluded (inhibiting one and/or promoting the 

other); although of 27 proteins noticed as carrying a non-acetylated 

N-terminal methionine f2) only two were found with an acidic amino 

acid following the N-terminal methionine. 

Little information is available in the littérature concerning 

the enzyme(s) involved in the a-NH -acetylation of proteins. The reac

tion appears to involve acetyl-coenzyme A as acetate donor (47л50).A 

soluble acetyltransferase (EC.2.3.1.-) has been identified in a riboso-

me -free extract of E.coli which acetylates the α-amino group of the 

ribosomal protein L.„ free or bound to ribosomes (50,51). The enzyme 

2+ + 
is sensitive to various ions, especially Mg and NH and is thermo-

1abile in the absence of the substrate. 

Studies on the structure and synthesis of a-crystallin have illustrated 

a characteristic of the a-NH -acetylation reaction of eucaryotic proteins. 

Synthesis of the α-A -chain of a-crystallin in a cell-free reticulocyte 
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system ( ί)9) and in frog oocytes (60) prograimripd by tho α-A -cry stall in 

mRNA shows that the N-terminal methionine is acotylated even in 

heterologous systems. These observations indicate that the enzyme(s) 

required for a-NH -acetylation of proteins are present in various cells 

and that the basis for recognition of the proteins to be acetylated must 

be similar in different eucaryotic cells. 

Some investigators attempted to identify such enzyme(s) in rat liver 

(61-63). From these studies it appeared that two enzymes are present; 

one enzyme is soluble and thought to catalyse the acetylation of the 

ε-amino group of lysyl residues, the other one would be associated with 

the ribosoraes and function in the a-NH -acetylation both of nascent 

polypeptide chains and ribosomal protein(s) (molecular weight about 

43,000). The latter acetyltransferase activity can be dissociated from 

ribosomes by 0.5 M KCl and is active in the acetylation of histones but 

the system could not be reconstituted by adding the wash proteins back 

to the depleted ribosomes. However, the plurality of proteins being 

acetylated as well as the diversity of acetylated amino acid identified 

point out the necessity to look for well-determinated substrates for 

further characterization and purification of such enzymes. 

Recently, using histones as substrates, Traugh and Sharp (64) identified 

three acetyltransferase activities in the post-ribosomal supernatant of 

rabbit reticulocytes and a single major acetyltransferase activity in 

the high salt wash fraction from ribosomes. The latter enzyme appears 

to acetylate a large number of proteins in both 40S- and 60S-subunits 

at low MgCl concentration, while a single protein (molecular weight 

29,000) in the 60S ribosomal subunit is found acetylated when the MgCl 

concentration was rised. However, the authors did not identify the 

site(s) of acetylation on histones or on the ribosomal protein. 

Considering the fact that the specificity of the reaction seems 

rather broad, as previously described, a potential substrate to study 

N-terminal acetylation of proteins would be a molecule which occurs 

a-NH -acetylated in Vivo but available without the acetyl-group, provided 

that its N-terrainal sequence could be accessible to an enzyme. 

The investigations presented in this thesis were conducted using a 
αϊ 

synthetic tridecapeptide as a main substrate. This peptide: des-N -Ac-

a-melanotropin is analogous to a-MSH but lacking the naturally occurring 

N-terminal acetyl group. The lens cell-free system was chosen as a source 
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of enzyme, since this system must have a powerful acetylating capacity 

in view of the fact that approximatively 75% of the water-soluble lens 

proteins (a- and ß-crystallin) are a-NH -acetylated. 
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CHAPTER 2 

EVIDENCE FOR THE PRESENCE OF AN ACETYLTRANSFERASE ACTIVITY IN CALF LENS 

In this chapter, we provide evidence for the presence of an 

acetyltransferase activity in a calf lens extract using acetyl-coenzyme A 

as acetate donor and a synthetic tridecapeptide, des-N^-Ac-ot-MSH as a 

substrate. The acetyl group incorporated in the substrate is proven to 

be located at the α-amino group of the N-terminal amino acid. The ace-

tylation reaction is shown to be under enzymatic control. Furthermore, 

since an acetyltransferase with the function of acetylating N-terminal 

amino acids of nascent proteins (see chapter 1) might be expected to 

be associated with ribosomes in vivo, it was of interest to determine 

whether the enzyme identified was bound to ribosomes. The results pre

sented show that the lens acetyltransferase identified is not a ribosomal 

protein. 

MATERIALS AND METHODS 

Trypsin and chymotrypsin were obtained from Worthington; 

carboxypeptidases A and В from Boehringer; carboxypeptidase С from Rohm 

and Haas, and pronase from Calbiochem. Dowex 50H+ (100-200 mesh) and 

ion exchanger II were products of Baker and Merck, respectively. 

l-p̂ CJ acetic anhydride (109 mCi/mmole) and l-[14c| acetyl-coenzyme A 

(58 mCi/mmole) were purchased from The Radiochemical Centre, Amersham. 

1+3HJ acetyl-coenzyme A (0.74 Ci/nunole) was obtained from New England 

Nuclear. 

Substrates 

Peptides with sequences related to the sequence of melanocyte 

stimulating hormone (ot-MSH) were synthetized as described previously 

(65). The main substrate used was des-N^l-acetyl-a-MSH. 

1 5 10
 R

2 
Rj-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-N^ 
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where Ri=R2=H. Related peptides of different lengths and with different 

blocking groups were also used as substrates: 

и α-MSH (R^Ac and R2=H) ; 

и des-N
al
-acetyl-NEll-acetyl-a-MSH (R^H and R2=Ac) ; 

К N
ell
-acetyl-Ot-MSH (Ri=R2=Ac) ; 

M des-Ntti-acetyl-Nel
1
- Msc-a-MSH (R^H and R

2
= Msc, methylsulfonyl-

ethyloxycarbonyl). 

Moreover the following peptides have been assayed: 

и H-Ser-Tyr-Ser-Met-OH; 

M H-Ser-Туг-Ser-Меt-Glu-Hi s-Phe-Arg-OH; 

M H-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-OH. 

In addition a synthetic peptide corresponding to the first 24 residues 

of adrenocorticotrophin (ACTH) was also used as a substrate. This pep

tide was a gift from Organon N.V., Oss, The Netherlands. 

Preparation of lene extract 

The lens capsule and epithelial monolayer were removed from fresh 

calf lenses and 12 mm of the outer cortex at the equator punched off with 

the aid of a glass trephine. Homogenization was carried out at 4° in two 

volumes of buffer, 50 mM Tris-HCl pH 7.4, 300mM sucrose, 50mM KCl, ЗтМ 

magnesium acetate, by applying ten strokes with a teflon homogenizer. 

The homogenate was centrifuged at 15,000 χ g for 10 minutes at 4°. The 

supernatant fraction (S-15 preparation) was used for subsequent experiments. 

In seme cases an aqueous lens extract was lyophilized and used as a source 

of the acetylating enzyme. 

Acety latían reaction 

The reaction mixture contained in a volume of 0.3 ml: 50 mM Tris-

HCl pH 7.4, 300 mM sucrose, 50 mM KCl, 0.36 mM substrate, 2.23 μΜ [ Зні 

acetyl-coenzyme A and S-15 preparation. Unless indicated otherwise, incu

bations were carried out for 15 minutes at 37°. The reaction was started by 

the addition of labeled acetyl-CoA and stopped by adding ZnS0
4
 up to a con

centration of 6 mM. The precipitated proteins, mostly crystallins (66) were 

removed by centrifugation. The supernatant fraction, containing the sub

strate, was applied onto a small column (1x9 cm) packed with ion exchanger 

II (Merck) in order to remove the excess ["̂ HJ acety 1-CoA. The non-adsorbed 

material, including the substrate, was eluted with 0.1 M acetic acid. An 

aliquot of this fraction was applied onto a filter paper disc (Whatman 

GF/2) and the radioactivity of the dried disc was measured in a Packard 

Tricarb 2450 Liquid Scintillation Counter. 
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Analysis of labeled chymotryptic peptides 

The incubated and labeled substrates, freed from excess labeled 

ac¿tyl-CoA were lyophilized and suspended in 0.4 ml of 0.1 M NH4HCO3, 

pH 8.9. Chymotrypsin (0.1 mg) was added and the solution was incubated 

at 37° for 2h. The clear solution was lyophilized and the residue sub

mitted to high voltage electrophoresis on Whatman 3MM paper for 105 

minutes at 50 V/cm in pyridine-acetic acid-water, 25:1:225 by volume at 

pH 6.5. Chymotryptic peptides of des-N^-AC-a-MSH and Nell-Ac-a-MSH were 

run in parallel on the same sheet of paper. The dried electropherograms 

were cut into 1cm strips and the radioactivity of each strip was mea

sured. The chymotryptic peptides of the unlabeled substrates des-b^^-Ac 

-a-MSH and NEl -Ac-a-MSH were detected by UV fluorescence, staining with 

ninhydrin or specific staining for tyrosin (67). 

Analysis of the total enzymatic digest of labeled substrates 

The incubated and labeled substrates were lyophilized and sus

pended in 0.4 ml of 0.1 M NH4HCO3 , at pH 8.9, and digested by succes

sive addition of chymotrypsin, pronase and carboxypeptidases А, В and С 

(lOOyg of each enzyme) during a 12h period at room temperature. The 

enzymatic digest was then fractionated on a small column of Dowex 50H
+ 

(0.5 χ 7cm). The non-adsorbed material was eluted with water to obtain 

the "acidic" fraction, which contains N-terminally blocked amino acids 

and peptides. All the adsorbed material was eluted with 0.5 M NH4OH to 

obtain the "alkaline" fraction containing the unmodified amino acids 

and peptides. The eluates were lyophilized and analyzed by high voltage 

electrophoresis and paper chromatography. High voltage electrophoresis 

on Whatman 3MM paper was carried out for 90 minutes at 50 V/cm in 

pyridine-acetic acid-water, 25:1:225 by volume at pH 6.5. Descending 

chromatography on Whatman 3MM paper was performed in 1-butanol-acetic 

acid-water, 12:3:5 by volume. The dried papers were cut into 1cm strips 

and the radioactivity of each strip measured. Reference [ cj acetyl 

amino acids were prepared by treatment of 1 mmole of amino acid with 

1 mmole of [ CJ acetic anhydride in boiling acetic acid (68). 

Protein determination 

Proteins were estimated according to Lowry et al (69) with 

bovine serum albumin as a standard. 
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Per formio acid oxidation 

Performic acid oxidation of peptides was performed according 

to Hirs (70). One ymole of peptide was dissolved in 0.5 ml of formic 

acid and incubated for 2 h at 4 after addition of 0.150 ml of per

formic acid, prepared by mixing 99% formic acid and 30% H2O2 95:5 by 

volume. At the end of the reaction, the performic acid was removed by 

lyophilization after addition of water. 

Chemical acetylation 

Peptides were acetylated in dimethylformamide solution using 

a 5 times molar excess of paranitrophenyl acetate as described by 

Smeets et al. (65). The reaction was allowed to proceed for 18 h at 

room temperature. 

Amino acid analysis 

Peptides were hydrolyzed in 6 M HCl in sealed evacuated tubes 

for 24 h at 110 in the presence of one per thousand phenol. Amino 

acid analyses were performed using a Rank-HiIger Chromaspek amino acid 

analyzer. 

Isolation of calf lens ribosomes 

The cortices of calf lenses were homogenized in 2 volumes of 

50 mM Tris-HCl, pH 7.4, 50 mM KCl, 5 mM MgCl , 0.25 M sucrose. The 

homogenate was centrifuged for 15 minutes at 15,000 χ g. To the super

natant was added a mixture of Nonidet P-40 and sodium deoxycholate to 

a final concentration of 0.3% and 0.5%, respectively. The supernatant 

was then layered on 2 ml of 2 M sucrose, 50 mM Tris-HCl pH 7.4, 25 mM 

KCl, 5 mM MgCl and centrifuged for 15 h at 226,600 χ g in a Spinco 

ТІ50 rotor. The ribosomal pellet was suspended in 50 mM Tris-HCl pH 7.4, 

25 mM MgCl«, 5 mM KCl. All operations were carried out at 4 . 



RESULTS 

I- Acetylation of des-N -Ac-a-MSH and related peptides by a lens 

extract. Specificity of the acetylation reaction. 

The different substrates were incubated during 15 minutes at 37 

with a S-15 preparation and labeled acetyl-CoA as acetate donor ; details 

of the assay are described in Materials and Methods. The presence of 

50 mM KCl should minimize the non-enzymatic acetylation of ε-ΝΗ groups 

of lysine (71). The results are presented in Table ?.. For an easier 

understanding, arbitrarily chosen symbols for the different substrates 

are included between brackets. 

al 
Table 2 - Acetylation of des-N -Ac-a-MSH and related peptides by a 

S-15 preparation. The incubation mixture contained 3 mg of 

S-15 preparation, 108 nmoles of substrate, and 0.5 \\Ci of 

1 НІ acetyl-CoA at pH 7.4. The reaction was stopped by adding 

ZnSO up to a concentration of 6 mM. Excess Γ Η 1 acetyl-CoA 

was removed by adsorption onto a weakly basic ion exchanger. 

The Ι Η J acetate incorporated into proteins was then measured. 

No corrections have been made for a possible loss of substrate 

during its purification. 

Exp. 

no. 

Incubation [ Hj acetate incorporated 

(pmoles) 

1 

2 

3 

4 

5 

6 

7 

S-15 

αϊ 
S-15 + des-N -Ac-a-MSH ( 

ι ι 
S-15 preincubated with ZnSO. 

+ des-N
a
 -Ac-a-MSH ( — 

εΐΐ 
S-15 + N -Ac-a-MSH ( Ac 

S-15 + a-MSH ( Ac- J_ ) 
αϊ εΐ 1 

S-15 + des-N -Ас-N -Ac-a-MSH ( -

S-15 + des-N -Ас-N -Msc-a-MSH ( 

1 
Ms с 

8 

92 

4.5 

15 

17 

37 

36.5 
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A low amount of radioactivity is incorporated into proteins when the 

S-15 preparation is incubated with I н] acetyl-CoA in the absence of 

substrate (Exp.no. 1). This incorporation may be due to enzymatic and/or 

non-enzymatic acetylation of endogenous lens components. When 
αϊ 

des-N -Ac-a-MSH is added to the incubation mixture (Exp.no. 2), the 

incorporation of Ι Η J acetate is about 10 times higher. Preincubation 

of the S-15 preparation with 6 mM ZnSO (Exp.no. 3 ) greatly decreases 

the incorporation of labeled acetate. 

On des-N -Ac-a-MSH two potential sites for N-acetylation are available: 

the α-amino group of the NH -terminal serine and the ε-amino group of 

lysine-11. In order to determine whether one or both of these residues 

become acetylated by the S-15 preparation, we incubated des-N -Ac-a-MSH, 

a-MSH and N -Ac-a-MSH with a S-15 preparation and [ Η ] acetyl-CoA. 

ell 
The amount of acetate incorporated when N -Ac-a-MSH (Exp.no. 4 ) and 

a-MSH (Exp.no. 5 ) are used as substrates are of comparable values 

suggesting that the lens system does not promote acetylation of the 

ε-ΝΗ group of lysine-11. However, des-N -Ас-N -Ac-a-MSH (Exp.no. 6 ) 

and des-N -Ас-N -Msc-a-MSH (Exp.no. 7 ) which both have free NH -

termini but carry a blocking group on lysine-11, are acetylated by the 

S-15 preparation, although to a lesser degree than the completely 

unblocked des-N -Ac-a-MSH. These data strongly suggest that the acety

lation reaction observed is specific for the a-NH^-terminus of the 

peptides, although the presence of a blocking group on residue 11 

affects the process ( irrespective of the size of this blocking group, 

Ac or Msc ). 

Attempts to acetylate histones in the S-15 preparation gave negative 

results. Furthermore, no acetylation of the substrate was observed 

when the NH -terminal residue was in the D-configuration. 

The specificity of the reaction together with the inhibition observed 

in the presence of 6 mM ZnSO strongly suggest an enzymatic control 

of the reaction. 

Some characteristics of the acetylation reaction are given by 

the experiments depicted in Fig. 1. The results represent the [̂  Η J ace

tate incorporation obtained after correction for blank values without 

αϊ 
substrate. Acetylation of des-N -Ac-a-MSH is proportional to the 

amount of S-15 added at least up to 100 yl (corresponding to 9 mg of 

protein ) ( Fig. 1A ). The reaction shows a linear increase for 15 

minutes ( Fig. IB ); it is a thermolabile process ( Fig. 1С ) with a 

http://Exp.no
http://Exp.no
http://Exp.no
http://Exp.no
http://Exp.no
http://Exp.no
http://Exp.no
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pH optimum near 7.4 ( Fig. ID ). 

Fig. 1 - Characterization of the aaetylation reaction. Details of the 

assay are described in Materials and Methods. A - Effect of 

supernatant concentration. Different amounts of the S-15 pre

paration ( 89 yg of protein per μΐ ) were incubated with 

[ 3 η αϊ о 

Η acetyl-CoA and des-N -Ac-a-MSH at 37 for 15 minutes, 

and the amount of acetate incorporated was measured. 

в - Kinetics of the reaction. 160 yl of S-15 preparation 

( 89 yg of protein per yl ) was incubated at 37 . At different 

time intervals an aliquot fraction ( 40 у1 ) was removed and 

the amount of acetate incorporated into the substrate was 

determined. С - Beat inactivation. The S-15 preparation was 
о 

incubated at 55 . At different time intervals aliquots were 

removed and chilled in melting ice. The extent of acetylation 

of the substrate by this heat-treated S-15 preparation was 

measured after an additional incubation for 15 minutes at 37 . 

D - Effect of pH. A lyophilized S-15 preparation was dissolved 

in 50 mM Tris-HCl, 30 mM sucrose, 50 mM KCl, 30 mM magnesium 

acetate at different pH values. The acetylation reaction was 

performed for 15 minutes at 37 . 

Í 150 

£ юо 
и 
is 
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al 
Des-N -Ac-a-MSH appears, therefore, to be a suitable substrate for an 

acetyltransferase present in the crude lens extract. 

A remark must be made concerning the blank value chosen for the results 

presented in this chapter. The acetate incorporation observed in endo

genous components was higher with a crude lens extract inactivated by 

heating than with an active extract. Obviously, this value could not be 

used as a blank; this is inherent in the assay itself. 

al 
Charaaterization of the acetyl group incorporated in des-N -Ac-a-MSH. 

al 
The identification of the acetyl group in incubated des-N 

Ac-a-MSH and related peptides was performed by analysis of either 

labeled chymotryptic peptides or labeled acetyl amino acids obtained 

after extensive digestion with chymotrypsin, pronase and carboxypepti-

dases. 

1 - Characterization of labeled chymotryptic peptides. 

Four chymotryptic peptides with different electrophoretic mobilities 

oil 
can be obta ined from des-N -Ac-a-MSH (Fig . 2A ) : 

1. H-Ser-Tyr-OH ; 

2. H-Ser-Met-Glu-His-Phe-OH ; 

3. H-Arg-Trp-OH ; 

4. H-Gly-Lys-Pro-Val-NH 

Peptide 4 migrated off the paper, but could be detected when the time 

of electrophoresis was shortened. Cleavage may occur between methionine 

and glutamic acid in peptide 2, but this will not change the electro

phoretic pattern. When the a-NH
?
 of serine-1 and the έ-ΝΗ of lysine-11 

are acetylated ( N -Ac-a-MSH ), the electrophoretic mobilities of 

peptides 1 and 4 become completely different ( 1' and 4' in Fig. 2B ) 

and thus provide an appropriate tool to discriminate between a- and 

ell 
e-NH acetylation. In fact, chymotryptic digestion of N -Ac-a-MSH 

yields two negatively charged peptides of equal intensity, which are both 

ninhydrin-negative and tyrosine-positive. The reason for this phenome

non and the question of which of the two peptides corresponds to genuine 

Ac-Ser-Tyr is still unsolved. However, the results shown in Fig. 2C 

and 2D confirm that in any case no acetylation of the ε-ΝΗ group of 

αϊ 
lysine occurs. Both des-N -Ac-a-MSH ( Fig. 2C ) and a-MSH ( Fig. 2D ) 

have a free ε-ΝΗ group available, but do not show any trace of labeling 

in the position of the chymotryptic peptide 4'. When the incubation is 

performed in the presence of a substrate with a free NH -terminus 

( Figs. 2C and 2E ), two labeled peptides migrate towards the anode. 
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Fig. 2 - High voltage eleatrophoresie of оЬутоітутрЬго рерігаев of 

[ 24 л С I aoetylated eubetrates. Electrophoresis was carried out 

as described in Materials and Methods. A and В represent the 
αϊ 

chymotryptic digests of synthetic des-N -Ac-ot-MSH and 

ell 
N -Ac-a-MSH, respectively. Spots showing ninhydrin and 

tyrosine staining are indicated by vertical and horizontal 

hatching, respectively. C, D, and E represent the radioactive 

profiles of the electrophoresed chymotryptic digests of 

des-N
a
 -Ac-a-MSH, a-MSH and des-N

01
 -Ac-N

e
 -Ac-a-MSH, respec-

r 14 ι 
tively, incubated with a S-15 preparation and С acetyl-CoA 

as described in Materials and Methods. 
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The absence of these peptides when Ot-MSH is used as a substrate 

( Fig. 2D ) and their directions of migration allow the conclusions 

that these peptides originated from the substrate and have a blocked 

a-NH„-terminus. The slowest moving peptide comigrates with the N-termi-
ell 

nal peptide of synthetic N -Ac-Ot-MSH. 

Because of the remaining ambiguity due to the two anodal chymotryptic pep-
ell 

tides 1' of N -Ac-a-MSH it was necessary to unequivocally identify 

the acetylated amino acid. 

2 - Characterization of the labeled acetyl amino acids. 

Fig. 3 - Identification of acetyl amino acids after extensive digestion 

off Η λ acetylated substrate. Des-N -Ac-a-MSH was incubated 

with a S-15 preparation and | НІ acetyl-CoA as described in 

Materials and Methods. The [ Η ] labeled substrate was digested 

to its amino acids. The enzymatic digest was fractionated by 

chromatography on a Dowex 50H column. The "acidic" fraction was 

submitted to high voltage electrophoresis ( left ) and to descen

ding chromatography (right ) as described in Materials and Methods. 

The results are represented by the black area. The hatched and dot-

r 14 1 
ted areas represent the position of reference 1 С J acetyl-serine 

Г 14 ι г 14 ι 

and j С I acetyl-alanine, respectively. I С acetyl derivatives 

of glycine (G), alanine (A), threonine (T), valine (V), methionine 

(M), and leucine (L) are indicated by arrows. 

IO 
-•(•) 

20 30 30 40 
migration (cm) 
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The total enzymatic digests of incubated substrates ( see Materials 

and Methods ) were applied onto a small Dowex 50H column. About 95% 

of the radioactivity was recovered in the "acidic" fraction which con

tains N-terminally blocked amino acids and peptides. After high voltage 

electrophoresis the radioactivity ( H ) was found in two positions 

( Fig. 3, left ). The fast moving spot comigrates with standard 

r 14 η r14 η 

I CI acetyl-alanine and I CI acetyl-serine; the slow moving spot 

has not been identified. Acetyl-alanine and acetyl-serine can be re

solved by chromatography. Fig. 3 ( right ) clearly shows the presence 

of f НІ acetyl-serine in the extensive digest of incubated des-N -Ac-

Ct-MSH, again a second spot of unknown identity is present. These results 
αϊ 

demonstrate that incubation of des-N -Ac-a-MSH with a S-15 preparation 
results in a-NH -acetylation of the substrate. 

Influenae of the lenght of the substrate on the aaetylation reaction. 

Some preliminary information about the minimum length required 

for the substrate to become acetylated was obtained by testing the N-
ctl 

terminal tetra-, octa- and decapeptides of des-N -Ac-a-MSH. The results 

previously reported ( Table 1 and Fig. 2D ) have clearly proven that no 

acetylation of the substrates occurs when their N-terminal amino acid 

is protected by an acetyl group. Therefore, the incorporation of acetate 

observed with such substrates is considered as a blank value. 

Table 3 - Influence of the length of the substrate on the acetylation 

reaction. For details of incubation and assay see legend of 

Table 2. 

Incubation Ι Η J acetate incorporated 

(pmoles) 
αϊ 

S-15 + des-N -Ac-a-MSH 92 

S-15 + a-MSH 17 

S-15 + N-terminal tetrapeptide 10.5 

S-15 + N-terminal octapeptide 27.4 

S-15 + N-terminal decapeptide 28.1 

S-15 + N-terminal peptide of ACTH (residues 1-24) 80.7 
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As shown in Table 3, the tetrapeptide cannot be acetylated by the S-15 

preparation, whereas the octa- and decapeptide become acetylated to some 

degree. Furthermore, a longer peptide ( consisting of the residues 1-24 

αϊ 
of ACTH ), of which the 13 N-terminal residues are identical to des-N -

a-MSH, is a good substrate for the enzyme. 

II - Modification of the acetyltransferase assay. 

The acetyltransferase assay used so far ( see Materials and 

Methods ) did not allow to discriminate between NH -terminal acetylation 

of the substrate and acetylation of components present in the crude 

extract used as a source of enzyme unless an assay without substrate was 

run in parallel ( Table 1 and 2 ). To avoid a duplicate of each assay, 

the following modifications were included. 

After incubation, the reaction is stopped by chilling in melting ice, 

50 pi of the incubation mixture is then subjected to paper chromatogra

phy and the chromatograms are developped overnight by 1-butanol-pyridine-

acetic acid-water 4:1:1:2 by volume. The dried paper is cut into 1 cm 

strips and the radioactivity of each strip is measured. Fig. 4A repre-

al 
sents the results obtained using the N-terminal decapeptide of des-N -

Ac-a-MSH as a substrate.Reference chromatograms with acetyl-CoA or the 

chemically acetylated peptide run separately, allow us to identify the peaks 

with Rf-values of 0.27 and 0.53 as acetyl-CoA and the a-NH -acetylated 

derivative of the substrate, respectively. Furthermore, when the incuba

tion is performed in the absence of substrate, no peak of radioactivity 

is found along the chromatogram behind the acetyl-CoA peak. The labeled 

peptide with Rf-value 0.44 is identified as the a-NH -acetylated substrate 

of which the methionine-4 has been oxidized during the assay. This is 

illustrated by part В of the figure where the oxidized peptide is used 

as a substrate. The methionine is the only amino acid modified as deter

mined by amino acid analysis. 

According to this procedure, the ZnSO precipitation step is omitted 

and separation of the acetylated substrate both from excess acetyl-CoA 

and any other labeled component is achieved in one step. This assay can 

be used with other peptides as substrates provided that the Rf-values 

of their a-NH -acetylated derivatives are higher than 0.27. 
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Fig. 4 - Separation of the aoetylated substrate from excess acetyl-CoA 

and labeled lens constituents by paper chromatography. The 

incubation mixture contained in 0.3B1 ml, 230 nmoles of sub

strate, 0.150 ml of the S-15 preparation and 0.6 yCi of labeled 

acetyl-CoA. After incubation for 5 minutes at 37 and at pH 7.4, 

aliquot fractions of 50 μΐ were subjected to chromatography. 
αϊ 

A - The N-terminal decapeptide of des-N -Ac-a-MSH is used as 

a substrate ( Rf-0.42 ). 

В - The substrate has been oxidized as described in Materials 

and Methods prior to the incubation ( Rf-0.33 ). 

Rf-values of acetyl-CoA and Acetyl-derivatives of the substrates 

are indicated by arrows. 
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ïll- Localisation of the acetyltransferase : Is the enzyme a ribosomal 

protein ? 

Lens ribosomes were prepared as described in Materials and Me

thods. The acetyltransferase activity was then measured in a crude 

extract, the supernatant fraction freed from ribosomes and in the ribo

somal fraction as described in Paragraph IZ . The incubation mixture 

contained the N-tenninal decapeptide of des-N -Ac-a-MSH as a substrate 

(230 nmoles), 0.6 yCi of labeled acetyl-CoA and either 14.7 mg proteins 

of the crude extract or 10 mg proteins of the ribosome-free supernatant 

or 3 OD units of ribosomes. 

94% of the acetyltransferase activity found in the crude extract is 

recovered in the supernatant and 6% in the ribosomal fraction ( OD / 

OD = 0.95 ). When the ribosomes are washed with 0.5 M KCl, no ace

tyltransferase activity is recovered neither in the supernatant nor in 

the washed ribosomes ( OD / OD_Qr. =1.8 ). Furthermore, no reconstitu-
260 ¿ΌΌ 

tion of the activity is obtained by adding the wash proteins back to the 

depleted ribosomes. This inhibition might be attributed to a disruption 

of a specific association of the enzyme with ribosomes which would im

plicate that the free and ribosome-associated enzymes are different, or 

to an inhibition of the enzyme by high salt concentrations. However, the 

inhibition ( 50% ) of the free enzyme observed in the presence of 0.5 M 

KCl would favor the latter hypothesis. If a similar inhibition occurs 

during attempts to solubilise the acetyltransferase activity associated 

with ribosomes, the potential residual activity will be too diluted to 

be assayed. 

No strong association of the enzyme with ribosomes could be demonstra

ted. When ribosomes are centrifuged out of the lens extract in the pre

sence of 0.05 M KCl only a minor fraction ( 6% ) appears in the pellet, 

the bulk of activity remains in the supernatant. By current criteria, 

the enzyme would not be considered as a ribosomal protein (72). 

CONCLUSION 

The results described in this chapter demonstrate the enzymatic 

acetylation of a synthetic tridecapeptide, des-N -Ac-a-MSH, by a calf 

lens extract using labeled acetyl-coenzyme A as acetate donor. Two po

tential sites for NH^-acetylation are available on the substrate : the 

a-NH. group of the N-terminal serine and the ε-ΝΗ- group of lysine-11. 
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Our studies of the incorporation of labeled acetate into this substrate 

which was modified by blocking one or both of the amino groups, indica

ted that the acetylation took place preferentially at the a-NH^ group 

of the terminal amino acid. Identification of the acetyl group after 

enzymatic digestion of the labeled substrate confirms the assumption 

that acetylation occurred at the a-NH -terminal seryl residue and that 

no acetate is incorporated into the ε-ΝΗ group of the lysyl residue. 

The acetylation reaction is found to be a thermolabile process with a 

pH optimum around 7.4 and specific for L-amino acids, in contrast with 

the alkaline requirement and thermostability for non-enzymatic acety

lation of proteins. 

The minimum length required for the substrate to be acetylated by the 

unpurified enzyme appears to be between five and eight amino acid resi-
al 

dues. A maximum incorporation of acetate is obtained with des-N -Ac-

α-MSH. Blocking the ε-ΝΗ group of lysine-11 results in a decrease of 

NH -terminal acetylation, irrespective of the size of the blocking group 

( e.g., acetyl or raethylsulfonylethyloxycarbonyl )· Furthermore, the 

N-terminal tetracosapeptide of corticotrophin ( ACTH ), of which the 

sequence of the first 13 residues is identical to that of des-N -Ac
al 

a-MSH seems to be a substrate nearly as good as des-N -Ac-a-MSH itself. 

The acetyltransferase thereby identified appears to be a free cytoplas

mic enzyme since it was not found to be associated with high salt 

washed ribosomes. 
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CHAPTER 3 

PARTIAL PURIFICATION AND CHARACTERIZATION OF A LENS ACETYLTRANSFERASE 

Since the water-soluble fraction of the lens is the source of 

enzyme, a brief description of the composing proteins of this fraction 

will be given. 

The main water-soluble lens proteins are classified as a-, 3- and γ-

crystallins. a-crystallin is a population of aggregates with an average 

molecular weight of 8 χ 10 and an isoelectric point of approximately 

5. There are two distinct 3-crystallin fractions with molecular weights 

5 5 4 4 

ranging from 1 x 1 0 to 2 χ 10 and frem 4 x 1 0 to 9 χ 10 designated 

as β-- and β -crystallin respectively, with isoelectric points between 

5.7-6.4 and 6.7-6.9. γ-crystalline are moncmeric proteins with a mole-
4 

cular weight of about 2 χ 10 and isoelectric points between 7.1 and 

8.1. Furthermore, the lens has a very high aminopeptidase activity main

ly attributed to leucine aminopeptidase (74). 

a- and ß-crystallins are a-NH -acetylated, the N-terminal residue of 

a-crystallin is Ас-Methionine, whereas the N-terminal acetyl-amino 

acid of ß-crystallin is still unknown. 

In this chapter attempts to purify a lens acetyltransferase and 

some characteristics of the enzyme are presented. 

METHODS 

Preparation of lens extract 

The outer cortices of fresh calf lenses were homogenized in two 

volumes of 50 mM Tris-HCl pH 7.4, 10 mM KCl with a teflon homogenizer. 

The homogenate was centrifugea at 15,000 χ g for 10 minutes at 4 . The 

supernatant ( S-15 preparation ) was used for subsequent experiments. 

Aoetylation reaction 

The acetylating activity unless indicated otherwise was measured 
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using the Ν-terminal decapeptide of des-N -Ac-a-MSH as a substrate. 

A standard reaction mixture contained 0.225 ml of the appropriately diluted 

enzyme, 0.150 ml of 1.55 mM substrate and 6 yl of Γ Η "I acetyl-CoA 

( 0.6 yCi; 2.5 Ci/mmole ), in 50 mM Tris-HCl pH 7.4, 10 mM KCl. The 

reaction was carried out at 37 , stopped at appropriate time intervals 

by chilling in melting ice and 50 yl aliquot fractions were subjected 

to paper chromatography. Isolation of the Ι Η I acetylated substrate from 

the incubation mixture was performed by descending paper chromatography 

in 1-butanol-pyridine-acetic acid-water 4:1:1:2 by volume. The Γ Η 1 

acetate incorporated in the substrate was measured as described in 

Chapter 2 Paragraph II 

Estimation of moleeulcœ weight 

The molecular weight of the enzyme was estimated by gel filtra

tion (75) on a column loaded with Sephadex G-200 ( 2.5 χ 100 cm ) equi

librated and eluted with 50 mM Tris-HCl pH 7.4, 10 mM KCl. The sample 

( 3 ml ) was applied onto the column and 3 ml fractions were collected. 

A calibration curve was obtained by applying several marker proteins 

on the same column. 

Sucrose gradient aentrifugation 

Two ml of the crude lens extract ( 194 mg of proteins ) were 

layered on a linear 10%-40% ( w/w ) sucrose gradient containing 50 mM 

Tris-HCl pH 7.4, 10 mM KCl and centrifugea at 4° for 20h at 135,000 χ g 

in a Spinco SW-27 Ti rotor. The gradient was pumped out through a flow 

cell of a Gilford spectrophotometer and 2 ml fractions were collected. 

a- and β -crystallins were run as references in parallel sucrose gradients 
η 

Isoelectric focusing 

The isoelectric focusing was performed at 4 in a linear sucrose 

gradient ( 0%-40%, W/W ) with carrier ampholites pH 4 to 6 by the method 

of Vesterberg and Svensson (76) in an LKB column ( 110 ml ). After iso

electric focusing for 30h at 500 V, 2 ml fractions were collected from 

the column. 

Preparation of tryptic peptides of the Α-chain of calf and kangaroo 

a-crystalline 

Tryptic peptides of calf and kangaroo a-A-crystallins were iso

lated according to Van Der Ouderaa et al (77) and De Jong et al (78). 
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Protein estimation, chemical acetylation and performic acid 

oxidation were performed as previously described ( see Methods in 

Chapter 2 ) 

RESULTS 

Γ - Attempts to purify a lens acetyltransferase. 

The lens extract was prepared in 50 mM Tris-HCl pH 7.4, 10 mM 

KCl as described in Methods. Although the crude preparation was stable 

at -20 for at least 3 months, freshly prepared extracts were used for 

subsequent experiments. The acetyltransferase activity was measured as 

described in Methods using 0.150 ml of the crude lens extract and the 

N-terminal decapeptide of des-N -Ac-a-MSH as a substrate. In each expe

riment the linearity of the acetylation reaction was tested during 5 

minutes. As the recovery of the labeled a-NH -acetylated substrate was 

not tested, the "specific activity" of the enzyme will be expressed as 

çpm of [ Η J acetate incorporated into the substrate per minute and per 

mg protein of the enzyme preparation. 

The protein content of the crude lens preparation was 115 mg per ml and 

had a "specific activity" of 467 ( average values of several determina

tions ). 

Upon gel filtration of the crude preparation on a Sephadex G-200 column, 

no acetyltransferase activity could be detected in the eluate,
;
this is 

probably due to a too low content of the crude extract in acetyltrans-

ferase activity. To eliminate sane of the crystallins which account for 

most of the lens proteins, classical methods of enzyme purification were 

applied to the crude lens extract, including ammonium sulfate-, acetonic-
0 

and isoelectric precipitation. All experiments were carried out at 4 

using a crude extract from 50 outer cortices of calf lenses. 

- Ammonium sulfate precipitation. The acetyltransferase activity was 

recovered in the; fraction precipitating between 30% and 40% saturation. 

However, this fraction contained most of the lens proteins and no puri

fication of the enzyme was achieved by this procedure. 

- Acetonic precipitation. This precipitation was carefully performed at 

4 with ice-cold acetone ( -20 ) to minimize protein denaturation. The 

enzymatic activity was recovered in the fraction precipitating between 

25% and 30% acetone. This procedure leads also to a low recovery (15%) 
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and a negligle purification of the enzyme ( 2 fold ). 

- Isoelectric precipitation. A maximum percentage of the acetyltrans-

ferase activity was recovered in the fraction precipitating at pH 5.4 

0 

at 4 . The crude extract was brought to pH 5.4 with 1 N HCl. The preci

pitated fraction was then collected by centrifugation for 30 minutes at 

21,800 χ g and at 4 . Attempts to dissolve the pellet in Tris or Phos

phate buffers of different ionic strength reveal a poor solubility of 

this fraction. A good recovery ( 70% ) of the enzyme required the use 

of a volume of 50 mM Tris-HCl pH7.4, 10 mM KCl equal to the volume of 

the crude extract from which it originated ( 30 ml ). However, no sta-

tisfactory means to concentrate this fraction ( 2-3 mg protein per ml ), 

for further investigations, could be obtained without a considerable 

loss of enzymatic activity. 

The fraction obtained by isoelectric precipitation at pH 5.4 of the 

crude lens extract was found more soluble in diluted ammonia. For this 

purpose, the pellet was suspended in 5 ml of 0.01 N NH OH and dialyzed 

overnight against large volumes of 50 mM Tris-HCl pH 7.4, 10 mM KCl. 

The opalescent solution obtained thereafter was clarified by centrifu

gation. The procedure leads to 44% recovery of the acetyltransferase 

activity with a 28 fold purification ( " specific activity " - 13076 ) 

and a protein concentration of 10 mg per ml. 

This procedure was used for further investigations. 

II - Properties of the partially purified enzyme. 

Enzyme atability 

The partially purified enzyme looses its activity upon freezing 

or lyophilization whereas, a partial stabilization can be obtained by 
0 

adding 25% glycerol. The enzyme solution can be kept at 4 for 2 days 

without inactivation. After 4 days, 20% inactivation is observed. 

Effeats of various aomponents on the acetyltransferase activity 

The partially purified enzyme was pre-incubated with various 

components for 10 minutes at 4 and the remaining activity was then 

measured. As shown in Table 4, a maximum activity is observed in 50 mM 

Tris-HCl pH 7.4, 10 mM KCl. The enzyme appears to be sensitive to high 

chloride concentration, SO mM KiM or NaC] \*нЛн to 39»-4ξ% ínaotlvafA©!!. 

euch a salt concentration had no effect upon the unpurifled enzyme 

( S-15 preparation ). 
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2+ „ 2+ 
The enzyme seems to be sensitive to divalent cations such as Mg , Μη , 

54. 2+ 

Ca and is completely inhibited by 1 mM Zn (no protein precipitation 

was observed at such a ZnCl or ZnSO. concentration I. Furthermore, 68% 

inhibition of the acetyltransferase activity is observed in the presen

ce of 50 mM EDTA. 

The enzyme appears to be very sensitive to thiol blocking agents since 

a completed inactivation is observed in the presence of 1 mM DTNB. 

Table 4 - Effect of аггоив reagents on the activity of the partially 

purified acetyltransferase ( 10 mg protein per ml 1. The 

enzyme was pre-incubated for 10 minutes at 4 with various 

components and the remaining activity was measured as descri-

bed in Methods. Linearity of the acetylation reaction was 

measured in each case during 5 minutes. 

Assay Medium Relative activity % 

50 mM Tris-HCl pH 7.4 94 

+ 10 mM KCl 100 

+ 50 mM KCl 61 

+ 50 mM NaCl 55 

+ 1 mM MgCl
2
 60 

+ 10 mM MgCl 30 

+ 10 mM MgAc 25 

+ 1 mM MnCl 65 

+ 1 mM ZnCl 0 

+ 1 mM ZnSO. 0 
4 

+ 1 mM CaCl 44 

+ 10 mM CaCl
2
 23 

+ 1 mM EDTA 100 

+ 10 mM EDTA 74 

+ 50 mM EDTA 32 

+ 1 mM ATP 100 

+ 1 mM DTNB 0 

+ 1 mM ß-mercaptoethanol 100 

+ 10 mM ß-mercaptoethanol 100 

The enzyme is found stable in 2 M urea, whereas 3 M urea leads to a com

plete loss of activity. The activity cannot be restored by dialysis. 
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Substrate specificity 

In order to get seme information about the specificity of the 

acetylation reaction, peptides of different length related to des-N -

Ac-ot-MSH and peptides of different amino acid sequences were tested as 

substrates. Some preliminary results concerning the minimum length 

required for the substrate to become acetylated were previously descri

bed ( see Table 3 ) using a crude lens extract as a source of enzyme, 

however, somewhat different results were obtained using the partially 

purified acetyltransferase. The peptides of different amino acid sequen

ces were chosen from the tryptic peptides of kangaroo and calf a-A-crys-

tallins to investigate whether any kind of peptide carrying an N-terminal 

amino acid which has been found a-NH -acetylated in other proteins ( see 

Table 1 ) can be acetylated by the lens acetyltransferase activity. 

Except for the tryptic peptides of α-Α-crystallins, the identification 

of the a-NH -acetylated derivatives of the peptides was performed by 

chemical acetylation of the molecules. 

Table 5 - Influence of the length of the substrate on the acetylation 

reaction. 0.075 ml (0.75 mg protein) of the partially puri

fied enzyme was incubated as described in Methods with 

232 nmoles of substrate. Linearity of the acetylation reaction 

was tested during 5 or 15 minutes depending on the velocity 

of the reaction. 

Substrate Relative a-NH -acetylation 

% 

1. Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-OH 100 

2. Ser-Tyr-Ser-Met-Glu-His-NHCH
3
 25 

3. Ser-Tyr-Ser-Met-Glu-OCH 12 

4. Ser-Tyr-Ser-Met-Glu-OH 8.5 

5. Ser-Tyr-Ser-Met-OH 9.5 

6. Ser-Tyr-OH 0 

7. Ser-OH 0 

For technical reasons, the results shown in Table 5 are given by compa

rison of the acetate incorporated in the different peptides to the ace-
al 

tate incorporated in the N-terminal decapeptide of des-N -Ac-a-MSH. But 

it should be mentioned, as previously described ( Chapter 2-ТаЫе 3 ) , 

that a maximum incorporation of acetate was observed with the complete 

molecule des-N -Ac-a-MSH. 
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it appears that the minimum length required for the substrate to be ace-

tylated by the partially purified enzyme corresponds to 4 or 3 amino 

acid residues ( Table 5 ). Serine alone or the dipeptide cannot serve 

as substrates whereas, the tetrapeptide can be acetylated to seme extent. 

However, if at least the tetrapeptide contains the minimum information 

required by the enzyme to acetylate such a peptide, obviously other 

factors than this short sequence are also involved. 

Somewhat different results are obtained when the source of enzyme is 

the crude lens extract ( S-15 ); the hexapeptide can be acetylated ( 29% 

of the incorporation of acetate observed in the decapeptide ), while the 

penta- and tetrapeptides are no substrates. This discrepancy is presu

mably due to the presence of peptidases in the crude preparation which 

may rapidly break down these small peptides rendering them unsuitable 

for the acetyltransferase. 

Table б - Relative aaetylation of -peptides of different sequences by 

the partially purified acetyltransf erase. For details of 

incubation see Legend of Table 5. 

Substrate Relative a-NH -acetylation 

% 

1. Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-OH 100 

2. Peptide 1 oxidized 33 

3. Glu-His-Phe-Arg-Trp-Gly-OH 0 

4. Met-Asp-Ile-Ala-OH 31 

Τ . Thr-Val-Leu-Asp-Ser-Gly-Ile-Ser-Glu-Val-Arg-OH 0 

0 

OH 0 

0 

0 

T. . His-Phe-Ser-Pro-Glu-Asp-Leu-Thr-Val-Lys-OH 

T. .. Val-Gln-Glu-Asp-Phe-Val-Glu-Ile-His-Gly-Lys-

T- . Ala-Ile-Pro-Val-Ser-Arg-OH 

T" . Ser-Ile-Pro-Val-Ser-Arg-OH 

T.. Thr-Leu-Gly-Pro-Phe-Tyr-Pro-Ser-Arg-OH 3 

T". Ala-Leu-Gly-Ser-Leu-Tyr-Pro-Ser-Arg-OH 2.6 

Η Peptide 4 is the N-terminal tetrapeptide of calf des-N -Ac-a-A-

crystallin. Peptides T, .. . are tryptic peptides of calf 
•j,b,lU,ll / 1У 

a-A-crystallin and peptides T" are tryptic peptides of kangaroo 

a-A-crystallin, prepared as described in Methods. 

Table 6 shows that oxidation of methionine-4 influences the acetylation 
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reaction since the enzyme is found 3 times less active towards such a 

substrate than towards the unmodified peptide. Furthermore, it appears 

that the C-terminal peptide ( peptide η 3 ) of the N-terrainal decapep-

tide of des-N -Ac-a-MSH cannot be acetylated although the length of 

this peptide ( 6 residues ) would be theoretically suitable for the en

zyme ( see Table 5 ). This result suggests that the acetyltransferase 

does not acetylate any peptides of a suitable length but shows a speci

ficity depending on the nature of the amino acids composing the peptide. 

Peptides with different amino acid sequences were also tested as subs

trates ( Table 6 ). A striking observation is that the tetrapeptide, 

Met-Asp-lie-Ala, appears to be a better substrate than the N-terminal 

αϊ 
peptide of comparative length of des-N -Ac-a-MSH, Ser-Tyr-Ser-Met 

( Table 5 peptide 3 ). It must be noticed that the former peptide is 

αϊ 
the N-terminal tetrapeptide of calf des-N -Ac-a-A-crystallin which 

naturally occurs a-NH -acetylated in the lens. It, therefore, seems that 

the enzyme has a certain specificity towards this peptide, although at 

this point, the existence of different enzymes cannot be excluded. 

Furthermore, of the different tryptic peptides of calf and kangaroo 

α-Α-crystallins, only peptides T_ and T" were found slightly acetylated, 

unless some of these peptides carry N-terminal amino acids which are 

known to occur a-NH -acetylated in other proteins,(Thr, Ala, Ser, see 

Chapter 1 Table 1 ). These results confirm that the nature of the amino 

acid occurring in the N-terminal position is not the only restricting 

feature of a-NH -acetylation. 

Gel filtration of the partially purified enzyme 

Two peaks of acetyltransferase activity were observed when the 

partially purified enzyme is fractionated by Sephadex G-200 chromato

graphy ( Fig. 5 ). The first one emerged with the exclusion volume, the 

second one emerged in the region of ß -crystallin. Two explanations are 
Η 

compatible with this observation; either those two peaks represent two 

different enzymes, or and more likely, the fraction which emerges with 

the void volume is the result of aggregation of the enzyme with itself 

or with other lens proteins as a result of co-precipitation. 

Attempts to concentrate those fractions result in a too low recovery 

of acetyltransferase activity to be submitted to re-chromatography. 

Identical patterns were obtained whether the N-terminal decapeptide of 

des-N -Ac-a-MSH or the N-terminal tetrapeptide of des-N -Ac-a-A-crys

tallin were used as substrates, suggesting that those two different 

peptides are a-NH -acetylated by the same enzyme or enzymes of apparently 
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similar molecular weight. 

Fig. 5 - Sephadex G-200 elution profile of the fraction obtained by 

iaoelectrio precipitation at pH 5,4 of the crude lens extract. 

Three ml of this fraction was applied onto a column of Sephadex 

G-200 ( 2,5 χ 100 cm ) equilibrated and eluted with 50 mM Tris-

HC1 pH 7,4, 10 mM KCl. Three ml fractions were collected of 

which 0.2 ml was sujected to the acetyltransferase assay as 

described in Methods f» · ). 

5 0 60 70 80 9 0 100 110 120 130 140 
fraction number 

In order to elucidate whether or not a high molecular weight form of 

the acetyltransferase occurs in the lens extract, the crude preparation 

was submitted to sucrose gradient centrifugation. 

Fig. 6 shows that the enzyme has an apparent molecular weight lower than 

α-crystallin. Therefore, it can be concluded that the separation of the 

acetyltransferase activity into two species of different molecular weight 

is due to aggregation of the enzyme occurring during the procedure used 

to fractionate the crude extract. 
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Fig. 6 - Sucrose gradient oentrifugation of the arude lens extract. 

Two ml of the crude preparation { 200 mg protein ) was centri

fugea as described in Methods in a 10%-40% ( w/w ) linear su

crose gradient. References a- and 3
H
-crystallins were centri-

fuged in parallel sucrose gradients and are indicated by arrows. 

The acetyltransferase activity ( hatched area ) was measured 

in 0.1 ml aliquot fractions during 10 minutes as described 

in Methods. The solid lines represent the absorption at 280 run. 

• /? crystallin 

top 1 13 15 17 
fraction number 

bottom 

Isoeleatria focusing of the acetyltransferase 

The crude lens extract was centrifugad in a linear sucrose gra

dient as previously described, and the fractions containing the acetyl-

transferase activity ( Fig. 6 fractions η 4-8 ) were pooled, dialyzed 

overnight to decrease the salt concentration and submitted to isoelec

tric focusing. 

Fig. 7 shows that two different patterns were obtained depending on the 
αϊ 

peptide used as a substrate, the N-terminal decapeptide of des-N -Ac
al 

a-MSH or the N-terminal tetrapeptide of calf des-N -Ac-a-A-crystallin. 
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The acetyltransferase activity towards the former peptide appears spread 

over pH 4.4 - 5.5 with a шахітшп at pH 5.2; whereas the activity towards 

the latter peptide appears in a narrow range of pH ( 4.5 - 5.2 ) with a 

maximum at pH 4.76. 

Fig. 7 - laoelectrio fooueing of the lens aoetyltraneferase. Isoelectric 

focusing was carried out as described in Methods in a pH gra

dient 4 - 6 . 

A- The thin line represents the pH gradient, the thick line 

represents the absorption at 280 nm. 

B- The acetyltransferase activity was performed using 0.2 ml 

of each fraction and the N-terminal decapeptide of des-N -

Ac-a-MSH (· — ·) or the N-terminal tetrapeptide of des-N -

Ac-a-A-crystallin (o__o) as substrates. 

Ю 2 О Э О 4 0 5 О 6 О 7 О О 
fraction number 
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These results suggest the presence of two forms of the acetylating 

enzyme in the calf lens: One with an isoelectric point 4.76 appears to 

be active in the acetylation of both the N-terminal decapeptide of 

des-N
a
 -Ac-a-MSH and the N-terminal tetrapeptide of des-N -Ac-a-A-

crystallin, the second one with an isoelectric point 5.32 appears to be 

more active in the acetylation of the former peptide. 

Moteculap weight estimation of the lens acetyltransferase 

As estimated on a Sephadex G-200 column, the non-aggregated 

form of the acetyltransferase has an apparent molecular weight of about 

170,000. 

Fig. θ - Molecular weight determination on a Sephadex G-200 column of 

the lens acetyltransferase. The molecular weight of the par

tially purified enzyme was estimated as described in Methods. 

A calibration curve was obtained by applying several marker 

proteins of known molecular weight on the same column. The 

position of elution of the acetyltransferase is indicated by 

an arrow. 
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CONCLUSION 

In this chapter, attempts to partially purify a calf lens ace-

tyltransferase were presented. 44% recovery and a 28 fold purification 

of the enzyme were obtained by isoelectric precipitation at pH 5.4 of 

the crude lens extract. However, this procedure leads to a partial aggre

gation of the enzyme presumably by co-precipitation with a-crystallin. 

The enzyme is found sensitive to EDTA, to divalent ions such as 

2+ 2+ 2+ 2+ 

Mg , Mn , and Ca and is completely inhibited by 1 mM Zn . Further

more, the enzyme is inactivated by thiol- blocking agents such as 

DTNB. The apparent molecular weight, estimated by gel filtration, of the 

non-aggregated form of the lens acetyltransferase is about 170,000. 

αϊ 
Studies with peptides of different length related to des-N -

Ac-a-MSH show that the minimum length required for the peptide to be 

a-NH^-acetylated by the partially purified enzyme corresponds to 4 or 

3 amino acid residues. However, according to the efficiency with which 

the enzyme acetylates peptides of different lengths, other factors than 

this small peptidic sequence seem to be involved in the acetylation 

reaction. The oxidation of methionine-4 results in a decrease of 

N-terminal acetylation of the substrate as compared to the unmodified 

peptide. 

Attempts to a-NEL-acetylate peptides of different amino acid sequences 

show that the enzyme is able to acetylate peptides of different amino 

acid compositions but not any kind of peptide. However, the results 

obtained to not allow to draw general conclusions concerning the speci

ficity of the enzyme. Although, it appears that the partially purified 

acetyltransferase activity shows a higher specific activity towards the 

N-terminal tetrapeptide of des-N -Ac-a-A-crystallin ( Met-Asp-Ile-Ala ) 
αϊ 

than towards the N-terminal tetrapeptide of des-N -Ac-a-MSH ( Ser-Tyr-

Ser-Met ). Both peptides occur in vivo a-NH -acetylated, but only the 

former peptide is present in the same cell as the enzyme thereby iden

tified. 

Gel filtration on Sephadex G-200 of the partially purified en

zyme suggests that the same acetyltransferase, or enzymes of apparently 

similar molecular weight, catalyze the a-NH -acetylation of both the 

N-terminal tetrapeptide of des-N -Ac-a-A-crystallin and the N-terminal 
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decapeptide of des-N -Ac-a-MSH. However, isoelectric focusing of the 

enzyme reveals two forms of the acetyltransferase different in their 

isoelectric point and substrate specificity. One form seems to be 

active in the acetylation of both peptides, whereas the other one 
αϊ 

seems to be more specific for the N-terminal decapeptide of des-N -

Ac-a-MSH. However, further investigations are required to elucidate 

this phenomenon. 
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DISCUSSION 

From the results presented in this thesis, it appears that the 

calf lens contains an acetyltransferase activity which may be related 

to the enzyme(s) involved in the reactions leading to the production 

of Qt-NH -acetylated proteins in vivo. 

- The reaction is specific for α-amino groups of peptides and can 

therefore be distinguished from histone acetylation of the ε-amino 

group of lysyl residues. 

- The reaction involves acetyl-coenzyme A as acetate donor as it is 

the case for a-NH -acetylation of growing peptide chains (47) or of 

completed proteins (50). 

- The enzyme does not acetylate free amino acids and recognizes a mini

mum sequence of 4 or 3 amino acid residues, although it appears that 

a maximum acetylation can be achieved with a longer sequence. a-NH -

acetylation of growing peptide chains appears also to involve a 

short sequence of amino acids since only a few residues must protude 

from the ribosome when the reaction takes place (47t48). 

- The enzyme is found active in the acetylation of at least 2 different 

synthetic peptides which are known to occur a-NH -acetylated in vivo 

in the same cell ( a-crystallin ) or in a heterologous system ( a-MSH ). 

A similar observation had been made previously concerning the a-NH_-

acetylatlon of growing peptide chains in heterologous systems (59,60) 

suggesting a rather broad specificity of the enzyme(s) involved. 

- The enzyme does not acetylate any kind of peptides provided that 

their N-terminal amino acid is of a particular nature. Although the 

results presented do not allow to draw general conclusions concerning 

the specificity of the reaction, it may be stated that the mechanism 

does not involve a "key" sequence of amino acids as it is the case 

for instance for glycosylation of glycoproteins containing the N-

glycosylamine type of protein carbohydrate linkage where regularities 

occur in the amino acid sequence adjacent to the carbohydrate attach

ment sites, Asn-X-Ser/Thr (79), 

- The acetyltransferase activity is not found to be linked to ribosomes, 

although this does not exclude a transient association with ribosomes 

during protein synthesis. Proteins which function in processes 

occurring on ribosomes are not necessarily permanently bound to the 

ribosomes, for instance E. Coli deformylase appears to be only transient

ly bound to ribosomes (80). However, an acetyltransferase activity 
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has been reported to be associated with rabbit liver- and reticulocytes 

ribosomes, but the results obtained do not exclude the possibility 

that the activity would exist in both states, associated with ribo

somes and free in the cytoplasm. 

We believe that our finding are consistent with the assumption that the 

acetyltransferase activity identified and partially characterized in 

calf lens might be involved in the a-NH -acetylation of protein in VÌVO, 
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SUMMARY 

Although the a-NH -acetylation of proteins was known since 1958, 

little information has been provided since then about the mechanism of 

the reaction partly due to the lack of a suitable substrate. 

Our investigations on a-NH -acetylation of proteins were conducted 

using a synthetic tridecapeptide ( des-N -Ac-a-MSH J with the same se

quence as α-melanocyte stimulating hormone ( a-MSH ] but lacking the a-

NH -acetyl group normally present in the native hormone. The calf lens 

extract was chosen as a source of enzyme because of its high content in 

a-NH -acetylated proteins which suggested a powerful acetylating capacity. 

Incubation of des-N -Ac-a-MSH with a crude lens extract and 

labeled acetyl-coenzyme A as acetate donor leads to the incorporation of 

labeled acetate into the peptide. The reaction is shown to be under enzy

matic control: the acetylation of the substrate is proportional to the 

amount of crude extract added with a pH optimum around 7.4; the reaction 

is thermolabile and specific for L-amino acids. 

The site of acetylation is identified unambiguously as the a-

amino group of the substrate and no acetylation of the ε-amino group 

of the lysyl residue is observed. 

For a proper acetyltransferase assay, a method is developed which 

enable the separation of the a-NH -acetylated substrates from any other 

labeled components which may be formed during incubation. 

Since an acetyltransferase with the function of acetylating the 

α-amino group of nascent protein chains might be expected to be associa

ted with ribosomes in vivo, it was of interest to determine whether the 

enzyme is a ribosomal protein. The results obtained show that the enzyme 

is not a ribosomal protein according to the definition currently accepted 

for such proteins. 

Thereafter, attempts to partially purify the acetyltransferase 

are presented. 

Seme characteristics of the partially purified enzyme are given^ 

namely, sensitivity to monovalent and divalent ions; to EDTA
f
 ß-mercap-

toethanol and DTNB. The stability of the enzyme is investigated under 

various conditions and its apparent molecular weight is determined by 

gel filtration. The results obtained upon isoelectric focusing of the 

acetyltransferase suggest the existence in the lens extract of two 

forms of the enzyme different in their isoelectric point and substrate 
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specificity. 

The study of the specificity of the acetylation reaction is 

approached by the use of different synthetic peptides related to CX-MSH 

and to the Α-chain of a-crystallin. The minimum length required for the 

substrate to be acetylated is determined. 

The possibility that the acetyltransferase thereby identified 

is the enzyme involved in vivo in the a-NH -acetylation of proteins 

is discussed. 
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SAMENVATTING 

Hoewel α-ΝΗ -acetylering van eiwitten reeds sinds 1958 bekend 

is, zijn er sindsdien geen gegevens beschikbaar gekomen over het mecha

nisme van de reactie, voornamelijk door gebrek aan een geschikt substraat. 

In onze onderzoekingen betreffende N-terminale acetylering werd 
al 

gebruik gemaakt van een synthetisch tridecepeptide ( des-N -Ac-ot-MSH ) 

met dezelfde aminozuurvolgorde als a-melanocyt stimulerend hormoon 

( a-MSH ) met dien verstande dat de blokkerende α-ΝΗ -acetylgroep , die 

wel in het natieve hormoon voorkomt, afwezig is. Kalf lens extract werd 

gebruikt als enzym bron, omdat de lens een zeer hoog gehalte aan eiwit

ten met N-terminaal geacetyleerde aminozuren bevat, hetgeen wijst op een 

krachtige acetylerende aktiviteit. 

al 

Incubatie van des-N -Ac-a-MSH met een ruw lens extract en radio

actief acetyl-coenzym A als acetaat-donor leidt tot inbouw van gemerkt 

acetaat in het peptide. Dat deze reactie enzymatisch is werd geconclu

deerd uit het feit dat acetylering van het substraat evenredig is met 

de hoeveelheid ruw extract bij een pH-optimum van 7,4. De reactie is 

voorts thermolabiel en specifiek voor L-aminozuren. 

Acetylering vindt uitsluitend plaats op de a-aminogroep van het 

substraat, terwijl geen acetylering plaatsvindt van de e-aminogroep van 

het lysine. 

Voor een betrouwbare acetyltransferase-test was het noodzake

lijk een methode te ontwikkelen waardoor het α-ΝΗ -geacetyleerde sub

straat gescheiden kon worden van elke andere eventueel gevormde radio

actieve component. 

Een acetyltransferase met de functie groeiende peptideketens 

N-terminaal te acetyleren zou mogelijk in vivo geassocieerd kunnen zijn 

met ribosomen. Het was derhalve interessant om na te gaan of het enzym 

een ribosomaal eiwit is. Dit bleek niet het geval te zijn. 

Het enzym werd gedeeltelijk gezuiverd en een aantal van zijn 

eigenschappen beschreven. Bijvoorbeeld: gevoeligheid ten opzichte van 

een- en tweewaardige ionen, EDTA, ß-mercaptoethanol en DTNB. De stabi

liteit van het enzym werd onder diverse omstandigheden nagegaan. 

Het moleculair gewicht werd met behulp van gelfiltratie bepaald. Iso-

electrische focusering van het preparaat wijst op het voorkomen van 

het enzym in twee vormen. Er is niet alleen een verschil in isoelec-

trisch punt maar ook in substraat-specificiteit. 



-- 55 -

De specificiteit van de acetyleringsreactie werd bestudeerd 

met b«hu]p van verschillende synthetiHchi» peptiden ftf gerelnteerd aan 

a-MSH óf aan de» A-koten van (X-crystalline. Ook werd de minimale lengte 

van het substraat bepaald die vereist is om te worden geacetyleerd. 

De mogelijkheid dat de door ons geïdentificeerde acetyltrans-

ferase inderdaad het enzym is dat ook in vivo bij N-terminale acetyle-

ring is betrokken werd besproken. 
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ABBREVIATIONS 

Ac 

Acetyl-CoA 

ACTH 

CLIP 

cpm 

DTNB 

EDTA 

E.Coli 

Msc 

a-MSH 

OD 

Tris 

w/w 

Acetyl 

Acetyl-coenzyme A 

Adrenocorticotrophic hormone 

Corticotrophin-like intermediate lobe peptide 

Counts per minute 

S^'-dithiobis^-nitrobenzoic acid 

Ethylenediaminetetraacetate 

Escherichia Coli 

Methylsulfonylethyl-oxycarbonyl 

α-melanocyte stimulating hormone 

Optical density 

Tris ( hydroxymethyl ) aminomethane 

Weight/weight 

Amino acids: 

Ala 

Arg 

Asn 

Asp 

Gin 

Glu 

Gly 

His 

H e 

Leu 

Lys 

Met 

Phe 

Pro 

Ser 

Thr 

Trp 

Tyr 

Val 

alanine 

arginine 

asparagine 

aspartic acid 

glutamine 

glutamic acid 

glycine 

histidine 

isoleucine 

leucine 

lysine 

methionine 

phenylalanine 

proline 

serine 

threonine 

tryptophan 

tyrosine 

valine 
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