Vol. 27, No. 4, 1967 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

AMINO ACID ACYLASES: PROPOSED RELATION TO METABOLIC
RECYCLING OF METHIONINE DURING PROTEIN BIOSYNTHESIS

Joaguin C. Lugay and John N. Aronson

Department of Chemistry, State University of New York
Albany, New York 12203

Received April 11, 1967

Evidence from several laboratories indicates tﬁat Escherichia coli uses
N-formylmethionine~tRNA during initiation of polypeptide chain biosynthesis
(Capecchi, 1966; Clark and Marcker, 1966a; Eisenstadt and Leyngyel, 1966;
Leder and Bursztyn, 1966; Nekomoto and Kolakofsky, 1966; Noll, 1966; Revel
and Gros, 1966; Salas et al., 1967; Thach et al., 1966; Webster et al.,
1966). The N-formylmethionine is produced by formylation of a methionyl-
tRNAF intermediate differing from a second methionyl—tRNAM which is not for-
mylated (Clark and Marcker, 1966b). The-presence of the N-formylméthionine
at the N-terminus of the final product has only been reported in the instance
of a cell-free system synthesizing a bacteriophage coat protein (Clark and
Marcker, 1966b). These findings suggest that at termination of polypeptide
chain biosynthesis the N-formylmethionine is cleaved from the N-terminal
position. An accumulation of N-formylmethionine could result in depletion
of cellular methionine; the hydrolysis of N-formylmethionine and subsequent
return of the free methionine to the metabolic pool would be expected, but
has not. yet been reported. We are presenting preliminary evidence indicating
that the N-acylamino-acid amidohydrolases, such as the well-studied renal
acylase I (E.C. 3.5.1.1l4), could serve this function. A similar enzyme iso-

lated and purified 100-fold from the combined cotyledon and embryo of seeds

of the Palo Verde tree, or Jerusalem-Thorn (Parkinsonia aculeata L.) was
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found to hydrolyze specifically N-acylamino acids, but possessed the highest
activity when N-formylmethionine was the substrate. Determination of kinetic
constants using various substrates showed that the enzyme had the highest
V‘max/Km (physiological efficiency) for N-formylmethionine. This amino acid
acylase appears to be similar to other acylases isolated from hog kidney,
yeast, molds, and various seeds (Cheng-Wu and Orekhovich, 1957g Greenstein
and Winitz, 1961; Meister, 1965; Osaki and Wetter, 1960), Despite the
ubiquity of this type enzyme, no physiological function has heretofore been

attributed to it.

Materials and Methods:

The enzyme source was seeds harvested in suburban Phoenix, Arizona in
the summer of 1966. The seeds were soaked in water overnight to soften the
coat, The embryo and cotyledon fraction was removed from the seed coat and
enveloping gelatinous layer, then homoggnized in a Waring blendor with chill-
ed acetone (-15°C). The dried acetone powder was stable up to six months
when kept frozen at -15°C. The powder was extracted with phosphate buffer
(0.1M, pH 7.5) containing Co2+ (4 x 107 M), and the extract was centrifuged
at T,000 rpm for 15 minutes. This and all subsequent operations were done at
0-to-4°C unless otherwise specified. The crude extract was heated in a water
bath at 45°C for 10 minutes and immediately cooled in ice-water. Inactive
protein was removed by centrifugation and then (NHH)ZSOh precipitation was
carried out twice. The fraction precipitating between 35-to-50% saturation
was dissolved in minimum amount of water and dialyzed overnight against tap
water. Acetone precipitation of the active fraction was carried out twice.
The fraction precipitating between 20-to-25% by volume (based on the volume

~ of the dialyzed gsolution) was dissolved in minimum amount of buffer and used
throughout the experiment. The purification obtained was about 100-fold.

Frozen aliquots of enzyme retained activity indefinitely.
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Results and Discussion:

As shown in Table I, the rate of hydrolysis for N-formylmethionine is

Table I

Substrate Reactivity With Palo Verde Acylase

Hydrolysis-Rate -  Ratio of N-formylmethionine

Amino Acid for ‘N~formyl- Rete Ratio to
N-acetyl- N-formyl- to N-formyl- N-acetyl
Neacetyl-.
L-methionine 550 1,750 3.18 1.00 3,18
L-alanine N 390 0.76 h.50 3.39
L-valine . 943 127 0.1k 13.80 1.86
L-leucine 875 738 0.85 2.37 2.00
L-phenylalsnine 139 100 0.72 17.50 12,60
L-tyrosine 73 2k 0.33 73.00 2k.00
glycine 276 92 0.33 19.03 6.35
L-glutamic acid 187 9.36
I-histidine 165 10.61
I-tryptophan 2.5

Reaction tube contained substrate (0.05 M), co?t (hxlO"u M), and enzyme
(145 mg), a1l in 1.50 ml phosphate buffer (pH 7.2, 0.1 M). Incubation
was for 30 min at 37°C. Aliquots (0.1 ml) were assayed for increase in
ABIO by the standard ninhydrin method of Moore and Stein (1948). Rate
values are micromoles substrate hydrolyzed/hour/mg protein nitrogen.

Taik greater than all the other derivetives. We also observed that a com-
mercial preparation of renal acylase I hydrolyzed N-formylmethionine 1.6

" times faster than it did N-acetylmethionine. When a comparison was made
of the rate of hydrolysis of the formyl and acetyl derivatives of methionine
and of slanine at pH 7.2 and pH 9.0 (Table II), the formyl derivatives
were hydrolyzed more efficiently under the physiological conditions. Kin-
etic constants were determined and the results expressed as the physiolog-
ical efficiency (Vg /Kp) of the enzyme with several substrates (Table I11).
It was shown that N-formylmethionine had the most favo;'able Michaelis

constant, Extrapolation of a Lineweaver-Burke plot gives an apparently
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Table II
Kinetic Constants of Palo Verde Acylase With Four Substrates

Substrate K v Vv. /K
m max max’ m
N~ acetyl-L-methionine 2.50x10:§ *E.SOxlOg 1.00x10§
K~ acetyl-I-alanine h.h5x10_3 6.67x103 1.50x105
N~ formyl-I~methionine 2.92x10_5 l.lTxlO2 3.98x}0h
N~ formyl-L-alanine 3.23x10 5.56x10 1.74x10

*N- Acetyl-L-methionine ezhibits substrate inhibition at .005 molar and
higher concentrations; the tabulated V value is extrapolated from a
Lineweaver-Burke plot. Reaction tubes™*Fontained an appropriate concentra-
tion of substrate and 320 mg enzyme and other components as mentioned in -
Table I. Both the enzyme and substrate were preincubated at 37°C, mixed,
and then incubated for 15 min. Asssy procedure and expression of rate values
as:described in Table I.

Table IIT -
Hydrolysis Rates at Two pH Values

Substrate Hydrolysis Rate Relative Rate
¥pH 7.2

N-acetyl-DL~methionine 380 1.00

N-acetyl-DL-alanine 505 1.33

N-formyl-DL-methionine 1,580 k.15

N-formyl-DL~alenine 487 1.28
pH 9.0

N-acetyl-DL-methionine koo 1.11

N-acetyl-Dl-alanine 825 2.18

N-formyl-DL-methionine 519 1.37

N-formyl-DL~glanine 293 0.77

*In these experiments all substrates were DL, so both the hydrolysis rates
end the relative rates are not exactly comparable with those ih Table I.
Reaction tubes contained a total volume of 3.0 ml with 0.05 molar L-
substrate; preincubation and incubstion for 30 min were as described in
Tables I and II except that 192 mg enzyme was used and the pH 9.0 experi-
ments were in 0.1 molar pyrophosphate buffer.

higher vmax for N-acetylmethionine, but at high substrate concentrations it

exhibits an inhibitory effect on the enzyme. The physiological efficiency
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velues indicate N-formylmethionine to be the more favorable substrate.

A mold acyiase has been reported (Borkar, 1957) which hydrolyzes N-formyl-
amino acids faster than other substrates, and an E. coli preparation hydro-
lyzed N-formylglycine (Imaizumi, 1938). Vogel and Bonner (1956) reported
that the E. coli ¢{-N-acetylornithinase also h&drolyied N-acetylmethionine,
but the Palo Verde enzyme must be different since it does not use p-N-
acetylornithine as a substrate. Both N-acetyl-L-leucine and N-acetyl-L-
valine are better substrates then N-acetyl-L-methionine (see Table I),

yet their corresponding N-formyl-derivatives are less active -than both the
N-acetyl- and N-formylmethionines; the enzyme must be showing some degree
-of selectivity greater than what might be expected based upon ease of
chemical hydrolysis of N-formyl- vs. N-acetyl-derivatives. The kinetic
data presented in Tables II and III certainly argue for N-formylmethionine
as the best substrate under normal conditions. Although no definite
evidence has yet been reported to implicate N-formylmethionine in peptide
chain initiation in organisms other than E. coli, we are led to conclude
that the general fﬁnction of acylases is the hydrolysis of N-formylmethio-
nine to recyéle the methionine back into the metabolic pool during

protein -synthesis.
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