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1. Introduction

Protein L4 binds directly and specifically to 23 S
RNA [1]. Its binding site is located within the 13 S
RNA which is a fragment at the 5'-end of the 23 S
RNA strand [2]. Recently, it became possible to local-
ize a contact point between the 23 S RNA and pro-
tein LA4: nucleotide U-615 has been crosslinked by
UV-irradiation of 50 S subunits to Tyr-35 of L4 [3].
Studies on protein—protein crosslinks by bifunctional
reagentsrevealed that proteins L11 and L14 are neigh-
bors of L4 [4], and isolation of small 50 S fragments
showed that proteins L3, 14 and L24 are present
within a small fragment [5]. This finding is in good
agreement with the results from immune electron
microscopy according to which protein L4 is located
at the right-hand side of the 50 S ‘armchair’ in direct
neighborhood to L24 and relatively close to L3 [6].

Reconstitution experiments demonstrated protein
L4 to be an important member of the ‘early assembly
group’ of proteins [7] and to be a ribosomal compo-
nent which highly stimulates the peptidyltransferase
activity as revealed by single protein omission tests
[8]. Among mutants with an altered L4 protein
[9—11] some have a high level of resistance to the
antibiotic erythromycin [9,10]. The amino acid
exchanges in protein L4 of several erythromycin-
resistant mutants probably occur always within the
same peptide [10,12].

Here, we report the complete primary structure of
L4 with 201 amino acids. We also depict the occur-
rence of secondary structure elements, e.g., a-helix and
B-sheets, along the protein chain by using 4 prediction
programmes. Finally, a comparison is made between
the primary structure of protein L4 and that of ribo-
somal proteins from E. coli and other organisms.
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2. Materials and methods

Protein L4 had been isolated as in [13] or [14] and
was kindly provided by Drs H. G. Wittmann or J. Dijk,
respectively. The identity and purity of the protein
were checked by two-dimensional polyacrylamide
gel electrophoresis [15].

Tryptic digestion of protein L4 was performed at
pH 8.1 in 0.2 M N-methylmorpholine acetate buffer
at 37°C for 4—6 h. Water was added to the lyophilized
digests, and after centrifugation the soluble peptides
were removed and separated by the fingerprint tech-
nique using thin-layer cellulose sheets [16]. The pre-
cipitate was washed with 10% acetic acid to remove
any trapped soluble peptides and to obtain peptide
T-26 (pos. 140—162) in purified form. Digestion of
protein L4 with a-chymotrypsin was carried out at
pH 8.1 in 0.2 M N-methylmorpholine acetate buffer
at 37°C for 3 h. The peptides were separated by thin-
layer fingerprinting. Protein L4 was also digested with
pepsin in 5% formic acid at 37°C for 12 h. The pep-
tides were separated by gel filtration on Sephadex
G25, superfine (1 X 180 c¢m) in 10% acetic acid and
purified by one-dimensional thin-layer chromatog-
raphy.

Protein 14 was cleaved with CNBr in 70% formic
acid at room temperature for 20 h, and the peptides
were separated by gel filtration on Sephadex G75,
superfine (1 X 210 cm) in 10% acetic acid. The large
peptides resulting from CNBr cleavage (CB-1, CB-2
and CB-3) were further digested with pepsin or
Armillaria mellea protease [17]. The procedure for
peptic digestion of the peptide CB-1 and CB-3 was
identical with that used for peptic digestion of pro-
tein LA. Digestions of peptides CB-1 and CB-2 with
A. mellea protease were carried out at pH 8.1 in0.2 M
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Fig.1. The primary structure of protein L4. Abbreviations: TRY, trypsin digestion (peptides T); CHYM, digestion with a-chymo-
trypsin (peptides C); PEPS, digestion with pepsin (peptides P); CNBr, cleavage with CNBr (peptides CB); CNBr-PEPS, digestion of
CB peptides with pepsin (peptides CB-P); CNBr-A, digestion of CB peptides with Armillaria mellea protease (peptides CB-A);
LPSQ, degradation of intact protein in an improved Beckman sequencer with an automatic conversion device; +, indicates where
the observed spots on thin-layer sheets were unambiguously identified; (+), weakly identified.
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N-methylmorpholine acetate buffer using 1:500
enzyme:peptide weight ratio at 37°C for 6 h. The
peptides were separated by thin-layer fingerprinting.

The amino acid sequences of the various peptides
were determined by the DABITC/PITC double-cou-
pling method [18] using 13 nmol peptides. DABITH-
Ile and -Leu were determined by one-dimensional
thin-layer chromatography on polyamide plates [19].
Amino acid analyses were performed on Durrum
D-500 analysers as in [16]. Tryptophan was deter-
mined photometrically (by Dr P. Woolley), and it was
also detected by spraying fingerprint plates with
Ehrlich reagent [20]. Cysteine was estimated as cysteic
acid after performic acid oxidation of the native pro-
tein [21]. The Edman degradation on the intact pro-
tein was made as in [22].

Lé
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3. Results and discussion

3.1. Sequence determination

The N-terminal sequence of L4 up to position 38
has been determined by automatic degradation of the
intact protein. The remaining amino acid residues of
protein L4 were completely sequenced by peptides
resulting from tryptic, chymotryptic, peptic and
A. mellea protease digestion of L4 or CNBr cleavage
peptides.

Tryptic digestion of 14 gave 30 water-soluble and
1 water-insoluble peptide. The complete sequences
of all peptides (except T-3 and T-26) were determined
by the DABITC/PITC double-coupling method. The
sequence of peptide T-3 (pos. 22—35) was obtained
from the sequence of the chymotryptic peptides C-4

ce 60 78 80 90

s AR R e n P e U e A L

Frs  RARRRRLRRS %JLW ananv— 111 UJXW
N ARSSSITR, ) ARSI | IR

AR AR PR AR

|
SN — U by— U

VAN V WIVWWV
Rz \/\W W ' ' ’
RRISFIIRR W%JW i LA Sain il gl ﬂj%jﬂ_{Wq
PRE  RRRRRRRAR ar W TERRRRRR UL JUT T T L
MELVL A DAQSAL TYSETTFGRDF NEAL VHOVYVAYAAGARDGTRA G TRAEVTA LN PLIPOE GTGRAPSGS TK SP IWRSGGV TR AARRQDHIQK VNE K
10 110 120 130 140 150 160 170 180 19: 200

A YIRS,
1 1 MRRRRERRARAR, | ARRARK RRRRRRRRRRRARRAR, A
T P T W

T RRRIRR R 1 T A5 AR
RRA] 1) SBRRRRERRREEC [ T 1] AR L
LR L LU LR, B2 R

PRRSRRRARRRARRRA 1] 1], MRRIRRRRSLSS! WARVERIS

W

LA AR wv, &R

RIRRRRARRIARRIAR v

JERRIIRER UL

|

T

FYPGALK S TLSELVRQDRL IVVERFSVEAFK TKLLAGKLFDMALEDVL T ITGEL DENUFLAARNLHKVDVRDATGIOPVSL IAFDKVVIT. ”
- - - - e . - -4 -

+ + + - - o+ +

voQVEETL A
PO

+ L

Fig.2. Secondary structure prediction of ribosomal protein L4 according to 4 methods (details in [23]). The symbols represent
residues in a helical region (AXRR%%R ), f-turns or loop (ULMT), extended structure ( vww ) and random coil conformation (—-).
The line ‘PRE’ summarizes the secondary structure obtained when at least 3 of the 4 predictions (8, F, N and R) are in agreement.
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(pos. 20-29) and C-5 (pos. 30--35). The sequence of

the peptide T-26 (pos. 140—-162) was obtained from
the peptic peptides CB-3P-1 (pos. 142—144), CB-3P-2
(pos. 145—147), CB-3P-3 (pos. 148—153), CB-3P4
(pos. 154--157) and P-13 (pos. 158—176).

Twenty peptides (C-1—C-20) were obtained from
the chymotryptic digestion and 16 peptides (P-1—
P-16) from the peptic digestion of protein L4. They
were sequenced if necessary.

To confirm the alignment of the tryptic peptides,
L4 was treated with CNBr, and the resulting peptides
were separated by gel filtration on Sephadex G75.
Three of the 5 peptide bonds involving methionine
residues (pos. 100, 141 and 199) were cleaved by
CNBr, yielding 4 peptides (CB-1, CB-2, CB-3 and
CB-4). The large peptides CB-1, CB-2 and CB-3 were
further digested with pepsin or A. mellea protease.
The peptides thus formed were separated by thin-
layer fingerprinting and then sequenced. In this way
the amino acid sequence of protein L4 was completely
determined as shown in fig.1.

3.2. Characteristics of the sequence

The amino acid composition derived from the
sequence of protein L4 is: Aspy, Asng, Thry,, Sery,,
GIUQ, Glnlo, Pl'05, Gly13, Alagg, Valzl, Mets, Ileg,
Leu,o, Tyl'z, Phes, His,, Lysls, Al'gm and Trpg. This
composition is in agreement with the results obtained
from the amino acid analysis of the protein. The M,
based on the sequence is 22 087.

The two tyrosine residues occur at pos. 35 and 101,
and the tryptophan residues are located at pos. 60
and 78. Protein 14 contains 35 basic and 24 acidic
amino acids. There are clusters of basic amino acids
at pos. 40—49 and 57—88. Long regions with hydro-
phobic residues occur in the C-terminal half at posi-
tions 105121 and 133-149,

3.3. Secondary structure predictions of protein L4
The prediction of secondary structure of 14 is
presented in fig.2. It was made according to 4 predic-
tive methods as detailed in {23]. Based on this predic-
tion, helix regions occur at positions 1-9, 45--50,
105-113, 131145, 157—165 and 190—198. A pro-
nounced turn area was calculated at positions 5472/
80. The amount of secondary structure calculated for
protein L4 is 32% helix, 19% B-turn and 4% extended
structure (average values, see line ‘PRE’ in fig.2).
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3.4. Comparison with other ribosomal proteins

The sequence of protein L4 was by computer search
programme compared with other ribosomal protein
sequences [24,25]. Protein L4 shares the pentapep-
tides Ala—Asp—Ala—Val—Lys (pos. 190—194), Gin—
Val—Val--Val—Ala (pos. 30—34) and Ala—Leu—Glu—
Asp-—Val (pos. 142--146) with E. coli proteins S11
(pos. 70—74), protein 816 (pos. 18-22) and H, cutiru-
brum protein L20 (pos. 44—48), respectively. How-
ever, no identical regions with >5 adjacent amino
acids were found. When ‘conservative’ replacements,
such as glutamic acid for aspartic acid, isoleucine for
valine, arginine for lysine and serine for threonine or
vice versa were allowed, the N-terminal region (pos.
40-70) of 14 is similar to regions in several other
ribosomal proteins as shown in fig.3.

40 50 &0 70
EL4 RQGTRQQKTBhEVTGSGKKPHRQXGTGRA&S

1 10 20
ESY AENQYYGTGRRKSSAARVFIKPG

Fig.3. Comparison of homologous regions from protein L4
and other ribosomal proteins.
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