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Hypothesis

Presence of a basic amino acid residue at either position 66 or 122
is a condition for enzymic activity in the ribonuclease superfamily
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Some members of the ribonuclease superfamily differ at more than 50% of the amino acid positions. Although the three-

dimensional structures probably are very similar and the active-site residues have been conserved, other substrate-binding

regions have changed considerably. Several proteins in the superfamily are active ribonucleases while others exhibit prac-

tically no enzymic activity. The presence of a basic residue at either position 66 or 122 appears to be a condition for
ribonuclease activity.

Ribonuclease superfamily; Amino acid position; Active site conservation; Ribonuclease activity

Pancreatic ribonucleases (EC 3.1.27.5) are en-
zymes which cleave RNA endonucleolytically to
yield 3’-phosphomono- and -oligonucleotides en-
ding in Cp or Up, with 2’,3’-cyclic phosphate in-
termediates. The enzyme from bovine pancreas is
one of the most intensively studied proteins and
much information has been collected about its
structure and functional properties [1]. The
residues in the active site that take care of cleavage
of the phosphodiester bonds in RNA are well
characterized, and there are indications of several
surface positions where other parts of the
macromolecular substrate may bind [2—4].
Although pancreatic ribonucleases from other
mammalian species [5] and other so-called
secretory ribonucleases, like bovine seminal [6]
and brain [7] ribonuclease as well, may differ in as
many as one-third of the amino acid residues in the
sequence, the general structural organization of
the enzyme has not changed and residues con-
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sidered to be important for catalysis and substrate
binding have been conserved [5].

Recently the amino acid sequences of a number
of more distantly related members of the
ribonuclease superfamily have been determined.
These proteins differ at more than 50% of the
amino acid positions from mammalian pancreatic
ribonucleases, and several gaps/insertions have to
be introduced to attain proper alignment. These
proteins are listed in table 1, and fig.1 presents the
aligned amino acid sequences of four of them. The
majority of these proteins have ribonucleolytic ac-
tivity and can be classified as ribonucleases, but
the two angiogenins and human eosinophil ca-
tionic protein have a very low activity on RNA.

All proteins listed in table 1 probably have about
the same three-dimensional structure as bovine
pancreatic ribonuclease. All insertions and gaps
can be accommodated at external bends [11,17]. In
addition, a number of amino acid residues are con-
served. These include the active-site residues
His-12, His-119, and Lys-41, 6 half-cystine
residues which form three of the four disulfide
bonds in bovine ribonuclease, and 9 other residues
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Table 1

Members of the ribonuclease superfamily

Ribonuclease References

activity®

Mammalian pancreatic ribo-

nucleases + 1,5
Bovine seminal ribonuclease + 6
Bovine brain ribonuclease + 7
Turtle pancreatic ribonuclease + 8
Human angiogenin — 9
Bovine angiogenin - 10
Human nonsecretory ribonuclease/

eosinophil-derived neurotoxin + 11,12,13,

20, 21

Human eosinophil cationic protein - 12,13, 22
Bovine nonsecretory ribonuclease + 14
Frog liver ribonuclease + 5
Frog egg lectin + 5,15
2 Ribonuclease activity: +, active ribonuclease; —, less than

5% of the specific activity of bovine pancreatic ribonuclease

1 5 10
5

1
Human non-secretory RNase P PQ
Human pancreatic RNase - - -K
Turtle pancreatic RNase - - ==
Human angiogenin - -QbD

35 .40

Human non-secretory RNase IN N Y|Q RP;Z?K N Q.
Human pancreatic RNase NMTQG|R@K|PV
Turtle pancreatic RNase GllM T||S P|V [RIK|F T
Human angiogenin L T — &K DI
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(table 2). Although the three active-site residues
most directly involved in catalysis have been con-
served, other residues considered to be important
for enzymic activity or substrate binding have been
replaced. The very low ribonuclease activities of
angiogenin- and the eosinophil cationic protein
could be explained if only certain amino acid
residues were to be replaced in these latter pro-
teins. However, there are no such residues as will
be shown in the following examples.

The aromatic residue (Phe or Tyr) at position
120 in mammalian ribonucleases is in direct con-
tact with the pyrimidine ring of the substrate in the
primary specificity site of the enzyme [1,2]. This
residue is replaced in human but not in bovine
angiogenin [9,10]. In studies on semisynthetic
derivatives of bovine ribonuclease, the replace-
ment of this residue by leucine has been found to
lower the specific activity about tenfold [18].
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Fig.1. Comparison of the amino acid sequences of human nonsecretory ribonuclease [11], human pancreatic ribonuclease [16], turtle

pancreatic ribonuclease [8], and human angiogenin [9]. Positions are numbered according to the residue number of human

nonsecretory ribonuclease (upper line) or human pancreatic ribonuclease (lower line). (—) No amino acid residue present; (?) identity

unknown. Identical residues in two or more sequences are enclosed in blocks. (Hatched lines) Half-cystine residues; (heavy lines)
residues in the active site or involved in substrate binding in bovine pancreatic ribonuclease.
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Table 2

Invariant residues in members of the ribonuclease superfamily

Phe-8 Asn-44 Cys-95
His-12 Thr-45 Tyr-97
Cys-26 Phe-46 Cys-110
Met-30 Cys-58 Pro-117
Cys-40 Ser-75 Val-118
Lys-41 Cys-84 His-119

Harper et al. [19] studied the enzyme properties of
a complex of bovine pancreatic ribonuclease
(residues 1-118) and a peptide with the amino acid
sequence of the C-terminal 16 residues of human
angiogenin. A low ribonuclease activity was
found. Replacement of leucine at position 120 by
phenylalanine increased the activity toward low-
molecular mass substrates up to 100-fold, but
hardly influenced the activity toward RNA. The
presence of leucine at position 120 in human non-
secretory ribonuclease also indicates that this
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replacement cannot explain the low ribonuclease
activity of human angiogenin.

Another region which may have a role in the en-
zymic activity is the surface loop with the disulfide
bond connecting residues 65 and 72 in bovine
ribonuclease. It has several substrate-binding sites.
This loop is shorter in turtle ribonuclease and
angiogenin, and the two half-cystine residues
which form a disulfide bond have also been re-
placed in these proteins. There is an insertion in
this loop in human non-secretory ribonuclease. If
this region is important for substrate binding in
bovine pancreatic ribonuclease, there should be
other secondary binding sites for substrate in the
proteins with ribonuclease activity that have
changed extensively in this loop region. One of the
more important interactions is that between the
side chain of lysine 66 and the 5'-phosphate group
of the nucleotide in the primary pyrimidine-
binding site. This phosphate-binding site is called
the P, site [4]. Lysine 66 is present in all mam-
malian  pancreatic and  other  secretory
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Fig.2. (A) Stereo drawing of part of the structure of bovine pancreatic ribonuclease including active-site residue His-119 and the
substrate-binding residues Tyr-120 and Lys-66. (B) Same figure with a lysine side chain at the position of Ala-122, demonstrating the
close vicinity of its positively charged end group and that of Lys-66.
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ribonucleases [5], but has been replaced in
members of the ribonuclease superfamily that have
deletions or insertions in this region. However, tur-
tle pancreatic ribonuclease and human non-
secretory ribonuclease have lysine and arginine,
respectively, at position 122 (fig.1). The positive
charge of this residue at position 122 probably can
take over the role of lysine 66 in pancreatic
ribonucleases (fig.2). Human and bovine
angiogenin and human eosinophil cationic protein
have no basic residue at either position (fig.1;
[9,10,22]. This may explain the very low
ribonuclease activity of the latter proteins.

Acknowledgements: Many thanks are due to Mr B. Hazes, for
providing the stereo figure, to Drs K.J. Hamann and G.J.
Gleich for communicating unpublished results [20,22], and to
Dr R.N. Campagne for carefully reading the manuscript.

REFERENCES

[1] Blackburn, P. and Moore, S. (1982) The Enzymes (3rd
edn) vol.15, pp.317—-433, Academic Press, NY.

[2] Wodak, S.Y., Liu, M.Y. and Wyckoff, H.W. (1977) J.
Mol. Biol. 116, 855—875.

[3] De Llorens, R., Arus, C., Parés, X. and Cuchillo, C.M.
(1989) Protein Eng. 2, 417—429.

[4] Irie, M., Watanabe, H., Ohgi, K., Tobe, M., Matsumara,
G., Arata, Y., Hirose, T. and Inayama, S. (1984) J.
Biochem. (Tokyo) 95, 751-759.

[5] Beintema, J.J., Schiiller, C., Irie, M. and Carsana, A.
(1989) Progr. Biophys. Mol. Biol. 51, 165-192.

{6] Suzuki, H., Parente, A., Farina, B., Greco, L., La
Montagna, R. and Leone, E. (1987) Biol. Chem. Hoppe-
Seyler 368, 1305—1312,

FEBS LETTERS

August 1989

[71 Watanabe, H., Katoh, H., Ishii, M., Komoda, Y., Sanda,
A., Takizawa, Y. and Irie, M. (1988) J. Biochem. (Tokyo)
104, 939-945.

[8] Beintema, J.J., Broos, J., Meulenberg, J. and Schiiller,
C. (1985) Eur. J. Biochem. 153, 305-312.

[9] Strydom, D.J., Fett, J.W., Lobb, R.R., Alderman, E.M.,
Bethune, J.L., Riordan, J.F. and Vallee, B.L. (1985)
Biochemistry 24, 5486—5494.

[10) Maes, P., Damart, D., Rommens, C., Montreuil, J.,
Spik, G. and Tartar, A. (1988) FEBS Lett. 241, 41—45.

{11] Beintema, J.J., Hofsteenge, J., Iwama, M., Morita, T.,
Ohgi, K., Irie, M., Sugiyama, R.H., Schieven, G.L.,
Dekker, C.A. and Glitz, D.G. (1988) Biochemistry 27,
4530-4538.

[12] Gleich, G.J., Loegering, D.A., Bell, M.P., Checkel, J.L.,
Alderman, S.J. and McKean, D.J. (1986) Proc. Natl.
Acad. Sci. USA 83, 3146-3150.

[13] Slifman, N.R., Loergering, D.A., McKean, D.J. and
Gleich, G.J. (1986) J. Immunol. 137, 2913-2917.

[14] Irie, M., Nitta, R., Ohgi, K., Niwata, Y., Watanabe, H.,
Iwama, M., Beintema, J.J., Sanda, A. and Takizawa, Y.
(1988) J. Biochem. (Tokyo) 104, 289—296.

[15)} Titani, K., Takio, K., Kuwada, M., Nitta, K.,
Sakakibara, F., Kawauchi, H., Takayanagi, G. and
Hakomori, S. (1987) Biochemistry 26, 2189—-2194.

[16] Beintema, J.J., Wietzes, P., Weickmann, J.L. and Glitz,
D.G. (1984) Anal. Biochem. 136, 48—64.

[17] Palmer, K.A., Scheraga, H.A., Riordan, J.F. and Vallee,
B.L. (1986) Proc. Natl. Acad. Sci. USA 83, 1965—1969.

[18] Lin, M.C., Gutte, B., Caldi, D.G., Moore, S. and
Merrifield, R.B. (1972) J. Biol. Chem. 247, 4768—4774.

[19] Harper, J.W., Auld, D.S., Riordan, J.F. and Vallee, B.L.
(1988) Biochemistry 27, 219-226.

[20] Hamann, K.J., Barker, R.L., Loegering, D.A., Pease,
L.R. and Gleich, G.J. (1989) Gene 79, in press.

[21] Rosenberg, H.F., Tenen, D.G. and Ackerman, S.J.
(1989) Proc. Natl. Acad. Sci. USA 86, 4460-4464.

[22]) Barker, R.L., Loegering, D.A., Ten, R.M., Hamann,
K.J., Pease, L.R. and Gleich, G.J. (1989) J. Immunol., in
press.



