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The length of the interdomain region of the L7/L12 protein is important
for its function
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Severul mutated L%/L12 protgins with changed interdomain regions were obtained. The results showed that the flexible region comprising the 39-32
amine acid residues is functionally important. Iis lengih. but not its amino acid composition, is crucial for the function,
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1. INTRODUCTION

The acidic L7/L12 protein (120 amino acids) and its
analog are found in ribosomes of all organisms and play
an important role in protein biosynthesis [1,2]. The de-
pletion of L7/L12 from ribosomes inhibits protein syn-
thesis and decreases elongation factor activity [3-7].
Two known mutations in the N-terminal part of L7/L12
influence the level of misreading [8-10]. Structural stud-
ies of L7/L12 have shown that it contains two domains.
The N-terminal part is important for L7/L12 dimeriza-
tion and its binding to the ribosomes [7,12]. The C-
terminal domain is globular {1,13,14]. The interdomain
region includes the amino acid residues rom 38 to 52
and is flexible [15--17]. The conformational changes in
the L7/1.12 depend on ribosomal function £18,19].

Earlier it was shown that ribosomes with a shortened
interdomain region of L7/L12 decrease the translation
rate in vitro [9,20] and the protein with deleied interdo-
main region is not active [20).

In the present communication we describe some
properties of the L7/L12 with an artificial and increased
in length interdomain region.

2. MATERIALS AND METHODS

The £ colf strain XLY [21] was used lor expression of the L7/L12
genes. All DNA manipulations and all cell growth wera carried out
according Lo a published manual [22].

The kanamyein resistance Geneblock (Pharmiacia, Sweden) with
symunetrical polylinker sites of its 5~ and 3"-ends was used for mut-
agenesis, In one case the block was ligated into the EcoRl site of the
PPRI plusmid [20] and the new plasmid was designated as pPR2. In
another case the polylinker Se/l site of the plasmid pPR28 [20] was
destrayed by the flling-in procedure with Klenow DNA polymerase
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and the Geneblock was again ligated into the EcoRI site, in this ease
creating the plasmid pPR3G,

The pPR2 plasmid was digesied with BarmHE or Psil thus excising
the Geneblock and. afier ligation, plasmid pPRI1 (with inserted
cadons lor six amino acids) or pPRI2 (with inserlion of lourteen
amino acids) were obtained, respeciively. Similarly, the Geneblock
from plasmid pPR30 wus excised with Safl or Psl and plasmids
pPR37 and pPR38 were constructed.

The cells were grown in LB broth, Induction with isoprapylthioga-
lactoside (JPTG, 0.004%) was done at Agy, = 0.6-0.8 c.u.

The proteins were isolated by the successive use of ion-exchange
chromatography on DE-Sepharose CL-6B (Pharmacia, Sweden) with
a 0-0.25 M linear sodium chloride gradient, ultrafilration on Ulirogel
AcA44 (LKB), and by FPLC on a MonoQ-column (Pharmacia, Swe-
den) with a 0-0.25 M linear sodium chloride gradient in 40 mM
TrissHCI (p 7.8) buller according to the munufacturer’s manual,

Analyticul centrifugation was carried out according to the method
of Yphanis [23]). Heut denaturation was done as deseribed in [24).
5D8-2lectrophoresis was carried oul according to the published proce-
dure [25] and eell-free (ranslation as in [20).

Miscoding was checked at 30°C in 0.35 ml ol 0.04 M Tris-HCI (pH
7.6), 0.1 M NH,C1, 001 M MgCl,, 0.001 M DTT buffer with 40 pmol
of 308 and 505 subunits, 0.1 mg poly-U, 0.2 mg of cell extraet, 5 nmol
IRNA, 0.9 nmol [MC]Phe (9,100 dpm/pmol; Amersham, England), 0.9
nmol *HlLeu (3,400 dpm/pmol; Amersham, England), 0.12 gmol
GTP and 0.72 zimol ATD,

3. RESULTS AND DISCUSSION

After mutagenesis four mutated proteins were ob-
tained (Fig. 1). L12-pPR11 and L12-pPR 12 are proteins
with insertions of six and fourteen additional amino
acids, respectively. L12-pPR37 contains ten new amino
acids and L12-pPR38 has fourteen new residues (Fig.
1) instead of 39-52 residues.

All the proteins were synthesized in vivo in a high
quantity (Fig. 2). Two of them, with the lengest inser-
tion and longest substitution (L12-pPR38) were purified
(Fig. 2, lanes 10 and 11,

The data on poly-Phe synthesis shows that replace-
ment of the natural interdomain region by an arbitrary
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29 52
L12 w.T. YAV AAGPYVEAANEEKT
L12=pPR11 V-AV-AAGPVEANMEEXTEFGSC
Li2=pPRI12 Y-AYAAGPVEAAEERTEFPGCSYVDLEYDGSE
L12-pPR3I7? E-F-IGSVD-G8C
Lid=-pPRI8 E'F-P-GS5VDLQVDGSES

Fig. 1. Amino acid sequence of the inierdomain region (39-52) of the
mutated and wild typa L7/L12 proteins, The Rexible regions ul’ the w.t.
protein are in bold letters,

amino acid sequence of the equal length (Fig. 3, pPR38)
virtually does not influence the protein activity, though
the protein with deleted 38-52 residues [20] are not
active (Fig. 3, pPR28). The protein with the two-fold
increased length of interdomain region is much less ac-
tive than the wild type protein (Fig. 3, pPR12).

The experimenis on miscoding show that the protein
with the inserted fourteen residues (pPR 12, Table 1) has
a lower level of misceding. The partia! deletion of the
flexible region of the L7/1.12 also affects the miscoding
level [2,10,20].

Heat-denaturation experiments show that these pro-
teins have a distinct melting temperature and enthalpy
of denaturation. Their stability and cooperativity is dif-
ferent, the effective enthalpy differs from the calorimet-
ric and their ratios vary (Table 1I).

It follows from the sedimentation measurements that
the proteins are dimers (Table 1). Earlier data demon-
strate that mutated proteins replace about 50% of the
wild type proteins in the ribosomes during expression
in vivo [20]. All these facts indicate that the main struc-
tural features (the dimerization capacity and the C-ter-
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Fig. 2. SDS-clectrophoresis of the cell extract and purified proteins in

15% pel. Expression of the L12 w.L. gene without induction (1) and

alter induetion by IPTG (2); expression of L12-pPR11(3), L12-pPR12

(4), Li2-pPR28 (5), L12-pPR37 (6) and LI2-pPR3IB (7); markers

(Pharmacia) 14, 20, 30, 43, 67, and 94 kDa (8,2); purified proteins
L12.pPR12 (10) and L12-pPR38 (11),

minal globule) are not disrupted. Thus, the functional
properties of the mutated proteins can be connected
with changes in the interdomain region.

The deletion of interdomain amino acids has a more
pronounced effect than insertion. The replacement of
these acids by an arbitrary sequence virtually does not

Table I
Sama properiies of muated L7/L12 proteins

Protein Miscoding ["CIPhe/f H)Leu M.wi., equilibrium
ratio sedimentation
[“Clpoly-Phe PHipoly-Leu (kDa)
syntliesis synthesis
{pmol in 10 min, 30°C)
w.l. 120 121 9.9 26.8
Li12-pPRI2 70.2 59 1.9 25.0
L12.pPR38 1043 11.5 9.1 27.3
Table 11

Heat-denaturalion parameters of mutated L7/L12 proteins

Protein Temperature of y. |3 AHT AHSYAH™ ratio Coneeniration
denaturation (°C) (keal/mol) (mg/ml)

L¥LI12, wi. 69.0 97.0 4l 24 3.08
L12-pPR28* 68.3 87.0 46 1.9 272
Li12-pPRI18* 58.0 73.5 53 1.4 292
Li2-pPRI12 64.0 80.5 43 Y 2.80

*The protein with deleted 38-52 residues [20].
*The protein with the 44-52 deletion [20].
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Fig. 3. Polyphenylalanine synihesis with 508 subunits (20 pmol) aller
their reconstruction with the shown L7/L12 proteins.,

affect the function of the L7/L12. The partial deletion
of amino acids adjacent to the globular part of L7 (444~
52) has a greater effect than the deletion of the 38-46
residues [20]. Considering all the above data, it can be
assumed that the length of the interdomain region of the
L7/L12 protein, but not the amino acid sequence or
composition, has a crucial effect on ribosomal function.
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