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Translation initiation factor IF2 from Bacillus stearothermophilus (741 amino acids, M r 82,043) was subjected to trypsinolysis alone or in the 
presence of fMet-tRNA. The initiator tRNA was found to protect very efficiently the Arg3°S-Ala 3~ bond within the GTP binding site of IF2 and, 
more weakly, three bonds (Lys~6-Gln~47, LystS~-Glu ~ss and ArgS~-SerS~°). The first two are located at the border between the non-conserved, 
dispen~ble (for translation) N-terminal portion and the conserved G-domain of the protein, the third is located at the border between the G- and 
C.domains. Since IF2 is known to interact with fMet-tRNA through its protease.resistant C- (earboxyl terminus) domain, the observed protection 

suggests that, upon binding of fMet.tRNA, long-distance tertiary interactions between the IF2 domains may take place. 

Translation initiation; Thermophilic initiation factor; Initiator tRNA 

I. INTRODUCTION 

Inititation factor IF2 is the largest of  the three 
proteins involved in translational initiation in bacteria. 
The function and the genetics of this factor have 
recently been reviewed [1-3]. For its function IF2 inter- 
acts with the 30 S and 50 S ribosomal subunits as well 
as with GTP and flVIet-tRNA. The binding site for 
fMet-tRNA has been localized in the 24.5 kDa car- 
boxyl-terminal portion of the protein (the C-domain) 
which appears to be very compact and resistant to 
proteolytic attack; the 50 S binding site, the GTP/GDP 
binding site, the GTPase catalytic center and part of  the 
30 S binding site have been localized in the central 
domain of the protein, the G-domain of approximately 
41 kDa [4,5]. The interaction of IF2 with GTP or GDP 
protects the G-domain against a proteolytic cleavage 
occurring at a specific site (Arg~°S-Ala 3°9) localized 
within the GTP/GDP binding site [6,7]. The N-terminal 
portion of the protein, on the other hand, probably has 
a floppy structure which is very susceptible to proteo- 
lytic attack; this part of the protein displays a non- 
conserved sequence and does not seem to be implicated 
in any fundamental translational function [4,8,9] and its 
role remains obscure. 

In the present paper, we have analyzed the pattern of 
trypsin digestion of  Bacillus stearothermophilus IF2 in 
the presence and absence of fMet-tRNA and have 
identified four peptide bonds outside the main fMet- 
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tRNA binding domain which are protected by this 
ligand. The main protection occurs at the same site 
previously found to be protected by GTP, while the 
other three sites are found at the border between the 
N-terminal portion and the G-domain and between the 
C- and G-domains of the molecule. 

2. MATERIALS AND METHODS 

B. stearothermophilus IF2 was prepared from E. coil KI 2AHlAtrp 
transformed with pPLc2833 carrying tile B. stearothermophilus infB 
gene as previously described [10]. Purification of the factor followed 
essentially the published procedure [11]. 

Trypsinolysis was carried out at 37°C in 210 ~1 reaction mixtures 
containing 30 mM Tris-HCl, pH 7.1, 30 mM NH~CI, 1 mM 2 mercap- 
toethanol, 1.5% glycerol, 210/~8 IF2 and 0.21/.tg of trypsin (TPCK- 
treated). When indicated, the miztures also contained 2100 pmol of 
fMet-tRNA. Aliquots containing ,'~30 ag of IF2 were removed at the 
indicated times and the proteolysis was analyzed on 15% SDS-PAGE. 
El~troblotting of peptides on PDVF membranes (Millipore) was 
carried out at 4°C for 1 h at 150 mA followed by 21 h at 350 mA as 
described [I 2]. Amino acid micro-sequencing was performed as prevl. 
ously described [13] in an Applied Biosystems pulse-liquid Sas phase 
seqtaenator (model 477A). 

3. RESULTS AND DISCUSSION 

The time course of trypsin digestion of IF2 with and 
without fMet.tRNA was analyzed electrophoretically. 
The digestion patterns obtained were characteristic, re- 
producible, and clearly different, depending on the pres- 
ence or absence of the ligand during the digestion (Fig. 
1). In the absence of fMet-tRNA, the digestion pattern 
is virtually identical to that previously reported [7] as 
also confirmed by the peptide sequences determined (see 
below). In the presence of  the initiator tRNA, on the 
other hand, the proteolysis yields some characteristic 
peptides of higher molecular weight which renmin un- 
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Fig, 1, T ime  cour se  o f  t rypsiniza t lon o f  B. stearothermophih~s IF2  in the presence a n d  absence  o f  f M e t - t R N A ,  The  experimental  condi t ions  are  
described in section 2, The  lanes conta ined  B, stearothermophllus I F 2  digested with tr~,psin for  the  indicated time: lane 1, undigested; lanes  2 a n d  
3, 0 rain; lanes 4 and  5, 8 rain; lanes  6 and  7, 30 rain; lanes 8 and  9, 60 rain; lanes 10 and  11, 120 rain; lanes 12 and 13, 150 rain, The  sm~aples in 
the e v e n . n u m b e r e d  lanes were incubated  in the presence o f  fMet- tRNArM% those in the o d d - n u m b e r e d  lanes in the absence  o f  f M e t - t R N A  rMc'. Lanes  
15 and  16, molecu la r  weight  markers ,  bovine se rum a lbumin  (68,000), initiation fac tor  IF3  (21,000), f l - lactoglobulin (18,000), l y soz~ne  (14,300), 

init iat ion factor  IF I  (8,000), 

digested for a long time, while other fragments of lower 
molecular weight are completely absent or appear later 
in lower amounts (Fig. 1), a clear indication that some 
peptide bonds which are accessible to trypsin in the free 
molecule become inaccessible in the IF2- fMet - tgNA 
complex (Fig. 1). It is noteworthy that uncharged 
tRNA rM''t, which does not interact with IF2, does not 
affect in any way the time course and the products of  
the trypsinolysis (not shown). 

The peptide bonds protected by fMet- tgNA were 
identified from the comparison of  the N-terminal se- 
quences of  the el~troblotted proteolytic fragments ob- 
tained in the presence and absence of  fMet- tgNA and 
taking into account their size and the primary structure 

of  B. s t e a r o t h e r m o p h i l u s  IF2 [10]. Thus, it was estab- 
lished that, in the presence of fMet-tRNA, the retarded 
appearance of  the -,,65 kDa fragment (compare lane 4 
and 5) and of the 40 kDa fragment (compare lane 4 with 
5 and lane 6 with 7) is due to a reduced rate of  cleavage 
at positions 'd'/ 'e' and 'g', respectively, while the 
prolonged stability of  the ,,,40 kDa fragment (indicated 
by the black arrowhead in Fig. 1) results from a strong 
protection at position 'f' of peptides already cleaved at 
positions "d' (or 'e') and 'g'. Thus, the fMet- tRNA 
provides a weak protection of  the bonds Lyst4~-Glnt47, 
LyslSLGlu ~ss and ArgSlLge: "° and a strong protection 
of  the Arg~°LAla 3°9 bond. 

During the course of  trypsinolysis, the N-terminal pot- 
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MSK~RVyEYAW b c I _ . KKR~VPSKDV I] .L~_I ,~WNIE VNNIIMAMLEA DVVEKLDItRY 

51 RPKAEKKTET KNEEKAEKKT DKPKRPMPAK TADFSDEEIF DDVKEAAKPA 

d 
i o t  KKKGAAKGKE TKRTEAQQQE KKAPQAAI~KK GRCPAKGKKQ AAPAAK V~_~ 

u 
151 P A K I ~ K E L P K  K I T P E ~ S I , T V  AELAKKLGRE P S E I I K K L F M  LGVMATIN~D 

201 LDKDAIELIC SDYGVEV~EN V T I D E T N F E A  IEIADAPEDL VERPPVVTIM 

2 5 1  ~IIVDHGKTTL LDAIRHSKVT EQEAGGITQII  IGAYQVTVND KKITFLDTPG 

l 
301 HEAFTTMR~QV'I'DIVIL VVAADDGVMP QTV~AINIIAK AANVPlIVAI 

3 5 t  NKMDKPEANP DRVMQELMEY NLVPEEW~D TIFCKLSAKT KEGLDHLLEM 

4oI ILLVSEMEEL KANPNRRAVG TVIEAKLDKG RGPVATLLVQ AGTLKVGDPI 

, l ~  VVOTTYGRVR AMVNDSGRRV KEAGPSMPVE ITGLHDVPQA GDRFMVFEDE 

g 
5 0 1  KKARQIGEAR A~RQL~E~R~ VRTRVSLDDI.  P E ~ I K ~ E M K  ELNL IVKADV 

5 5 1  QOSV~ALVAA LQKIDVEGVR V~IIHAAVGA ITESDI~LAT ASNAIVI~FN 

601 V~PDANAKRA A~KVDIRL IIRIIYNVIEE IEAAM~GMLD PEY~KVI~  

651  AEVRQTFKV~ KVGTIAGCYV TDGKITRDSK VRLIR~IVV YE~EIDSLKR 

GTP/GDP binding site of  IF2, in the middle of the 
structural elements conserved among G-proteins [14,15] 
but no binding of fMet-tRNA with this part of the 
molecule has ever been observed and under no circum- 
stance has it been found that the binding of GTP or 
GDP and fMet-tRNA to IF2 may influence each other 
[6,16]. Thus, it is unlikely that the protection of this site 
by the initiator tRNA might be due to a direct interac- 
tion. More likely, C-domain-bound fMet-tRNA may 
occupy a 'pocket' constituted by the C- and G-domains 
thus shielding the GTP/GDP binding site from the pro- 
teolytic enzyme. Similar explanations could provide a 
rationale For the (weak) protection observed at the sites 
situated at the borders between the N-terminal portion 
of IF2 and the G-domain and between the G-domain 
and the C-domain. An alternative explanation for the 
observed effects could be the occurrence of a long range 
ligand-induced conformational rearrangement of the 
IF2 domains. 
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".'Ol YKDDVREVA~ OYECeLTIKN PNDIKPP-DVI EAYVMQ~VAR A 

Fig. 2. Identification of the trypsin cleavage sites in tile B. stearother- 
mophih~s IF2 molecule. To identify the peptide bonds cleaved by 
trypsin hydrolysis and those wltieh are protected by fMet-tRNA, the 
electrophorctically separated proteolytic fragments were transferred 
by electroblotting onto membranes and subjected to automatic se- 
queneinlg (see section 2). The figure shows the complete primary struc. 
ture of B. stearothermophilus IF2 [B]. The ~quence d~termin~d by 
automated amino acid sequencinl~ are indicated in bold letters and 
underlined. The individual cleavage sites identified are indicated by the 
lower case letters above the N-terminal amino acid of the correspond- 

ing peptide. 

tion (i.e. upstream of the cleavage site 'e' and 'd') of IF2 
is rapidly degraded yielding small and discrete peptides of  
M ~5000. This part of the molecule displays a very low 
degree of conservation among the four IF2 sequences 
known so far and removal of  this portion of the mole- 
cule by proteolysis [9] or by genetic manipulations [4,8] 
yields IF2 fragments which are still substantially active 
in all IF2 translational functions tested in vitro. 

Cleavage at the ArgS*O-SerS2° bond, on the other hand, 
yields a ,-~24-25 kDa fragment corresponding to the 
entire (or virtually entire) C-terminal fragment of the 
protein; this represents a structurally compact domain 
which resists even long digestion periods with trypsin or 
with other proteolytie enzymes [4,7]; it has been shown 
that IF2 binds fMet-tRNA via this C.domain. Since this 
domain is already very resistant to proteolysis [4,7], it 
is not surprising that no additional protection of this 
part of the molecule by fMet-tRNA is found. It is re- 
markable, on the other hand, that ~det- tRNA protects 
very efficiently the Arg3°S-Ala 3°9 bond, a site which is 
also very efficiently protected from proteolysis by gua- 
nosine nueleotides [4,7]; these residues lie within the 
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