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ABSTRACT: Previous kinetic binding studies of wheat germ protein synthesis eukaryotic translational
initiation factor elFiso4F and its subunit, elFiso4E, witHGTP and mRNA analogues indicated that
binding occurred by a two-step process with the first step occurring at a rate close to the diffusion-
controlled rate [Sha, M., Wang, Y., Xiang, T., van Heerden, A., Browning, K. S., and Goss, D. J. (1995)
J. Biol. Chem270, 29904-29909]. The kinetic effects of elF4B, PABP, and wheat germ elFiso4F with
two mRNA cap analogues and the temperature dependence of this reaction were measured and compared.
The Arrhenius activation energies for binding of the two mRNA cap analogues, AstPhand mGpppG,

were significantly different. Fluorescence stopped-flow studies of the elFHstF4B protein complex

with two m’G cap analogues show a concentration-independent conformational change. The rate of this
conformational change was approximately 2.4-fold faster for the elFigtB#B complex compared with

our previous studies of elFiso4F [Sha, M., Wang, Y., Xiang, T., van Heerden, A., Browning, K. S., and
Goss, D. J. (1995). Biol. Chem 270, 29904-29909]. The dissociation rates were 3.7- and 5.4-fold
slower for elFiso4FAnt-m’GTP and elFiso4f’GpppG, respectively, in the presence of elF4B and PABP.
These studies show that elF4B and PABP enhance the interaction with the cap and probably are involved
in protein—protein interactions as well. The temperature dependence of the cap binding reaction was
markedly reduced in the presence of either elF4B or PABP. However, when both elF4B and PABP were
present, not only was the energy barrier reduced but the binding rate was faster. Since cap binding is
thought to be the rate-limiting step in protein synthesis, these two proteins may perform a critical function
in regulation of the overall protein synthesis efficiency. This suggests that the presence of both proteins
leads to a rapid, stable complex, which serves as a scaffold for further initiation complex formation.

Initiation of protein synthesis requires assembly of a large The cap serves as the binding site for initiation factors elF4F
protein—nucleic complex. Eukaryotic translation initiation and elFiso4F, an isozyme form of elF4F present in higher
factor (elF} 4F is a protein complex that mediates recruit- plants. The small subunit of elF4F (elF4E) recognizes the
ment of the ribosome to mRNA. This event is the rate- cap structure. elF4F interacts with the poly(A) binding
limiting step for translation under most circumstances, yet protein (PABP) through the elF4G subunit, the larger subunit
little is known about the kinetics of this process—g). In of elF4F or elFiso4F. elF4G in turn recruits other initiation
most eukaryotes, mRNA is required to have both' @dp factors, such as elF3, elF4A, and PABP, to therwd of the
(m’GpppX) and a poly(A) tail for efficient translation and mMRNA, to generate the cap-binding complex. The cap-
message stability712). These two elements act synergisti- associated proteins have a very high affinity for PABP in
cally to increase translational efficiency, and evidence the absence of poly(A) in the wheat germ systdr§) ut
suggests that they communicate during translatié-(5). require poly(A) in yeastX4). Binding of elF4F, elFiso4F,

elF4B, and elF4A is believed to catalyze the efficient
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Wheat germ elF4F consists of only two subunits, a 26 kDa B-50 [50 mM Hepes/KOH (pH 7.0), 10% glycerol, 1 mM
elF4E subunit and a 220 kDa elF4G subunit in a 1:1 molar DTT, 0.1 mM EDTA, and 50 mM KCI]. The dialyzed sample
ratio. Some structural and functional similarity exists between was appliedd a 5 mLHiTrap Mono-Q column equilibrated
elF4F and elFiso4F. Both wheat germ elF4F and elFiso4F with 10 bed volumes of buffer B-50 with a flow rate of 2
have RNA-dependent ATPase activity. Only one wheat germ mL/min. The column was washed at the same flow rate with
factor is required for ATP hydrolysis and stimulation of buffer B-50 until the optical density returned to baseline.
protein synthesis in an elF4F or elFiso4F deficient translation The expressed elFiso4E was eluted with a 50 to 400 mM
system 26, 27). elF4F was also found to be functionally KCI linear gradient at a flow rate of 2 mL/min. The peak
and physically similar to mammalian elF4F except that it was collected in 1.0 mL fractions. To maximize purity, the
lacks an elF4A-like subuni®@, 28). Functionally, elFiso4F  sample was subsequently appliedl &4 4 mL nGTP-

is very similar to elF4F even though these two proteins are Sepharose column (Pharmacia Biotech) equilibrated in buffer
antigenically distinct 26). Wheat germ elFiso4F can sub- B-50. The column was washed with buffer B-50, followed
stitute for mammalian elF4F in an RNA-dependent ATPase by 25 mL of buffer B-50 containing 0.1 mM GTP to remove
activity and in cross-linking of mammalian elF4A to the cap GTP-binding proteins. The expressed elFiso4E was eluted
of oxidized mRNA @9). from the column with 15 mL of buffer B-50 containing 100

PABP has been shown to be necessary for 40S ribosoma|mM GTP. After 2 mL of the elution buffer had entered the
subunits binding to an mRNA and for formation of the 48S column, the column was turned off for 30 min. Elution was
initiation complex (4, 30). PABP-elFiso4F interaction has ~ resumed, and column fractions (0.5 mL) were collected. The
been shown to enhance the binding affinity of both cap fractions were analyzed by 10% SBfolyacrylamide gel
ana|ogues and po|y(A) by40_f0|d (25) Further studies have eIeCtrOphOI’esiS. A HlTrap SP column (AmerSham Pharmacia
shown that the cap and poly(A) tail can be bound by the Biotech) was used to purify elFiso4G and elF4B by the
protein complex simultaneouslg2). It was concluded that ~ following procedureE. colicells were disrupted by alumina,
the increased binding affinity for the ap by the protein ~ Suspended in buffer B-600, and centrifuged at 45 000 rpm
complex could account for at least part of the enhancementfor 2 h. The supernatant was dialyzed against buffer B-50
of translation. We have previously investigated the mecha- and loaded omta 5 mLHiTrap SP column and washed with
nism of elFiso4F and elFiso4E interacting with the cip ( B-50 buffer until the optical density returned to the baseline.
Kinetic studies indicated that the binding involved a two- A 50 to 400 mM KCl linear gradient (total volume of 100
step process with the first reaction being too fast to assessmL) was used to elute the proteins, and 1.0 mL fractions
via stopped-flow techniques. The second reaction, a confor-were collected. The proteins appeared in the-2800 mM
mational change, was10-fold faster for elFiso4E than for KCI fractions. After purification, the purity was confirmed
elFiso4F. To understand the assembly of the initiation Py 10% SDS-polyacrylamide gel electrophoresis. All steps
complex, we have begun to investigate the effects of other Were carried out in a cold box at approximatelyG. The
proteins on cap binding kinetics. The aim of this study is to PH of buffer B-50 used for elF4B purification was 7.5.
investigate the effects of elF4B on the binding activity of ~ PABP was expressed F coli containing the constructed
elFiso4F in the presence and absence of the poly(A) binding PET19b vector in BL21(DE3) pLys as described elsewhere
protein (PABP) and to determine the activation energy of (32, and the tagged protein was purified in 20 mM Tris-

these reactions. HCI (pH 7.9), 500 mM NacCl, and 100 mM imidazole by
the His-bind kit protocol (Novagen). The protein wa85%
EXPERIMENTAL PROCEDURES pure as determined by 10% SBgolyacrylamide gel elec-

trophoresis with Coomassie Brilliant Blue staining.
Materials. m’‘GTP and mGpppG were purchased from  All samples were dialyzed against buffer B [20 mM
Sigma (St. Louis, MO). Ant-AGTP was synthesized and HEPES/KOH, 100 mM KCI, 1.0 mM MgG] 1.0 mM
purified as described previousIg). The concentration of  djthiothreitol, and 1.0 mM EDTA (pH 7.6)] and passed
Ant-m’GTP was determined spectrophotometrically using an through a 0.22:m filter (Millipore) before the spectroscopy

absorption coefficientss, of 4600 M~ cm™*. measurements were performed. The fractions were concen-
Expression and Purification of Recombinant Proteins. trated with a Centriplus YM-10 filter (Amicon Co.) as
elFiso4E, elFiso4G, and elF4B were expresseBsnheri- necessary. The protein concentrations were determined by a

chia coli containing the constructed pET3d vector in BL21- Bradford assay with bovine serum albumin as the standard
(DE3) pLys as described elsewhe2). HiTrap Mono-Q (33) using a Bio-Rad protein assay reagent (Bio-Rad
ion exchange and B TP—Sepharose columns (Pharmacia Laboratories, Hercules, CA).

Biotech, Inc.) were used for the purification of elFiso4E. Spectroscopy Measuremenfghsorbance measurements
coli cells were disrupted by sonication and suspended inwere obtained using a Cary-3 double-beam -tiN&ible
buffer B-600 [20 mM Hepes/KOH (pH 7.6), 1 mM DTT, spectrophotometer. Fluorescence spectra were recorded on
0.1 mM EDTA, 10% glycerol, and 600 mM KCI] containing a Spex Fluorog?2 spectrofluorometer equipped with excita-
0.5 mM phenylmethanesulfonyl fluoride (PMSF), 0.5 mL tion and emission polarizers. All measurements were per-
of aprotinin, and 10@g/mL soybean trypsin inhibitor. The  formed at 22°C except as noted.

lysed cells were centrifuged at 15 000 rpm in a Sorvall SS-  Stopped-Flow Fluorescence Kineti&opped-flow fluo-

34 rotor for 30 min (S11 supernatant) to separate soluble rescence experiments were performed on an OLIS RSM 1000
elFiso4E from inclusion bodies. The S11 supernatant was stopped-flow system with a dead time of 1 ms. The excitation
centrifuged at 45 000 rpm in a Sorvall TV-850 rotor for 3 h wavelength was 332 nm, and the emission was monitored
(S175 supernatant) to remove ribosomes and additionalafter the light passed through a 400 nm cut-on filter (provided
aggregates. The S175 supernatant was dialyzed against buffédpy OLIS Inc.) for elFAnt-m’GTP. The excitation wave-
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length was 280 nm, and the cut-on filter was 324 nm for 5.85 | T T
elFm’GpppG interactions. A reference photomultiplier was
used to monitor fluctuations in the lamp intensity. The
temperature of the flow cell and solution reservoirs was
maintained using a temperature-controlled circulating water
bath. As described elsewhel( 34, 35), elFiso4F binding
induced an increase in Ant#@TP fluorescence. After 2M
(each) elFiso4F, elFiso4&IF4B, elFiso4FPABP, or elFiso4F
elF4B-PABP had been rapidly mixed with M Ant-m’-

GTP or MiGpppG cap, the time course of the fluorescence
intensity change was recorded by computer data acquisition.
In each experiment, 1000 pairs of data were recorded, and
sets of data from three experiments were averaged. Each 5.45
averaged set of stopped-flow data was then fitted to nonlinear 0 0.05 041 0.15 02
analytical equations using Global analysis software provided Time (s)

by OLIS. Fitted curves correspond to the following single- E‘E\;F};E L dTXpticr?\IGt'irrge' (:tourstgs of ?I_'r']:iso""?{“ffpn e'FiS(l"‘F‘ﬁ'
exponential equatiord) , and Ant- interactions. The excitation wavelength was

332 nm. The signal represents the total fluorescence emission above
400 nm. Solutions of (A) ZM elFiso4FPABP (1uM after mixin

AF = AF[1 — exp(—Kypd)] (1) and (B) 2uM eIFiso4|(34)B-aPABP (LuM after ngiﬁng) were mixge)d

with a solution of 10uM Ant-m’GTP (5uM after mixing) in a

where AF is that fluorescence observed at any titrend stopped-flow apparatus at 2£. The fitted curve corresponds to
the final fluorescence when the reaction achieves equilibrium, @n overall first-order process (eq 1).
AF., is the difference between’@ cap fluorescence at time 2.8
zero and equilibrium, anki,,sis the observed first-order rate

58
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constant. The reaction was consistent with a single- n T
exponential process. The derived rate constants were used S %
to construct an Arrhenius plot according to the equation z 261 7
E ‘% 25 T
a -
Ink RT+ In A (2) g al N
(X}
wherek is the rate constanE, is the activation energy, and g 23r 7
A is the Arrhenius pre-exponential term. The activation 2 B
energy was calculated from the slope of the fitted linear plot 221 ]
of In k versus 1T (kelvin). oy L L I I
Dissociation Rate Constanf§o measure the dissociation 0 0.05 0.1 015 02
rate constants, a complex of the mRNA cap analogue, Ant- Time (s)
m’GTP or mMiGpppG, with either elFiso4F, elFisodfF4B, FicURe 2: Typical time course of the intrinsic protein fluorescence
elFiso4FPABP, or elFiso4kelF4B-PABP was rapidly di- intensity decrease caused by binding of (A) elFis®ABP and

luted 15-fold in a spectrofluorimeter cuvette, and the resulting (B) €IFiso4F4B-PABP to nfGpppG. The excitation wavelength
as 280 nm. The signal represents the total fluorescence emission

dgcrgase i.n fluorescence was measured. Because of the higE‘oove 324 nm. The final concentrations wegeM (each) elFiso4F
binding affinity of the mRNA cap analogue for the complex,  e|F4B, and PABP and 56M m’GpppG at pH 7.6 and 22C. The

a large dilution, which could not be accomplished by fitted curve corresponds to an overall first-order process (eq 1).
stopped-flow methods, was necessary. The concentrations

of the reactants before mixing were 28 for the mRNA (ko) for Ant-m’GTP binding~1.5-fold . = 39.0 s* for

cap analogue and BM (each) for elFiso4F, elF4B, and elFiso4FPABP;k, = 60.54 1.5 for elFiso4FelF4B-PABP)
PABP. The diluting buffer contained the same concentration (Figure 1). However, the effect of elF4B on the elFiso4F
of elF4B or PABP (as in reaction mixture) to prevent protein PABP complex binding with AGpppG cap increasekb
complex dissociation. The dissociation rates were determinedmore than 2-fold; = 29.2+ 0.55 s'* for elFiso4FPABP;
from fits of the appropriate equations to the data using k, = 66.584 0.99 s for elFiso4FelF4B-PABP) (Figure
nonlinear least-squares fitting program KaleidaGraph (version2). These data show that elF4B has a greater effect on

2.1.3, Abelbeck Software). elFiso4FPABP binding to the dinucleotide cap than to the
mononucleotide cap. Our previous studies have shown that
RESULTS elF4B had an effect on cap binding; however, PABP had a

The stopped-flow data for the binding of the two mRNA much larger effect on the equilibrium for the cap binding
cap analogues, a mononucleotide cap ARGTP and  With elFisodF. TheKe, values were (27.16 0.49) x 107,
dinucleotide cap AGpppG, to the elFs complex were plotted (34484 0.55) x 10°, and (232.55+ 1.9) x 10° M™* for
as the relative voltage, which is proportional to fluorescence €IFiS04F, elFiso4felF4B, and elFiso4PABP, respectively
intensity versus time as shown in Figures 1 and 2. Time (25 37).
course data were fitted by nonlinear regression analgsjs ( Under the pseudo-first-order conditions, where mRNA cap
assuming a single-exponential change. Addition of elF4B was in excess, the observed pseudo-first-order rate constant
to the elFiso4HPABP complex increased the rate constant is predicted to be a linear function of the concentration of
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0.045 ' ' ' ' Table 2: Kinetic Binding Constants for the Interaction of elFiso4F,
elFiso4F4B, elFiso4FPABP, and elFiso4#4B-PABP with the
0.04 i m’GpppG Cap
rate constark; (s™1)

0.035 4 elFiso4F elFiso4F
3 temp €C) elFiso4F  elFiso4B PABP 4B-PABP
X
= 4 3.43+0.09 8.14+0.86 13.2+0.76 28.67+ 2.67

0.03 - 7 10 6.42+ 0.32 12.63+0.64 18.07+ 0.55 35.37 1.06
15 10.59+ 0.22 17.53-0.95 24.94+1.74 47.28+ 3.33
22 14.35+ 0.63 26.314+2.18 29.2+-0.55 66.58+ 0.99
0.025 - W 7 31 36.67+0.98 48.13£1.79 42.5+3.73 76.80+ 1.98
Ea (kJ/mol) 60.114+2.93 45.54+2.96 30.13+ 1.56 26.04+ 1.76
| | | | dissociation  38.8+0.83 20.6+-0.49 14.3+0.76 7.26+0.44

0.02 ratek_,

0 0.05 0.1 0.15 0.2 0.25 (x103s™Y)
1/[C] uM
Ficure 3: Kinetic plots of 1k.psvs 1/[C] of 1uM elFiso4F4B at 0 T T T T T

different Ant-nTGTP (©) and mMiGpppG () concentrations (5.0,
7.5,10.0, and 15.AM) at 22°C. k, was obtained as the reciprocal
of the Y-intercept (43.19t 2.57 s! for elFiso4F4B-Ant-m’GTP
and 29.524+ 1.65 st for elFiso4F4B-m’GpppG).

2+ —

ohs)

Table 1: Kinetic Binding Constants for the Interaction of

elFiso4FelF4B and elFiso4felF4B-PABP with the f 3 B
Ant-m’GTP Cap -
rate constark; (s™1) -4 - .
elFiso4F elFiso4F
temp (C) elFiso4B  elFiso4F4B  PABP® 4B-PABP 5 h
4 4.42 9.08£ 0.5 14.0 235:1.1
10 9.36 15.0: 0.8 20.0 35.0+ 1.7 -6 ' : : : :
15 17.1 20.9:0.7 285 40.8£ 2.3 32 33 34 35 36 37
22 37.9 39.6£1.1 39.0 60.5+ 1.5 1000/T (K™")
31 102 69.0+ 2.6 62.2 81.1H6.2

FiGURE 4: Arrhenius plots for the interaction between elFiso4F
Ea(kJ/mol)  81.5+25 53.27+27 39.8+16 29.22+1.32 4B (») and elFiso4F4B-PABP (O) and Ant-nTGTP.
dissociation 37.21+ 1.3 24.16+1.2 13.74t£ 0.5 10.03£0.31

ratek—, increased with an increase in temperature (Tables 1 and 2).
(x10°s™) The stopped-flow kinetic data showed that at 22 the
2Values obtained from re38. binding of elFiso4F4B-PABP to the MGpppG cap changed

the conformation approximately 4.6 times faster than the
Ant-m’GTP or mMGpppG. However, as observed previously binding of elFiso4FK, = 14.354- 0.63 s* for elFiso4Fk,

(1, 38), the binding rates depended little on mMRNA cap = 66.58+ 0.99 s for elFiso4F4B-PABP). However, at
concentration over a concentration range efl5 uM, a the same temperature, the rate constant for binding of
4—14-fold excess. The observed rate varied from 39.6 to elFiso4F4B-PABP to Ant-niGTP, the mononucleotide cap,
42.25 st for Ant-m’GTP and from 26.31 to 28.40 Sfor was only approximately 1.5 times faster than that of elFiso4F
mM’GpppG with elFiso4HB. As proposed previousiyl(39), (ko = 60.54+ 1.5 s* for elFiso4F4B-PABP; k, = 37.9 s?

the binding mechanisms can be explained by a two-stepfor elFiso4F). elF4B has a greater effect on binding of
process involving a fast association of elFise#B and the elFiso4F to the dinucleotide cap than to the mononucleotide
MRNA cap followed by a slow change in conformation from cap.

the first association complex to the stable complex. The rate constant values (Tables 1 and 2) were used to
The binding rates have a relationship with the concentra- construct Arrhenius plots (Figures 4 and 5) according to eq
tion of substrate as described previousdg)( 1/Kkops = 1/ko 2. The activation energies were calculated from the fitted

+ Ku/ko[C], where kops is the observed first-order rate slopes of Ink versus 1T (kelvin). The activation energies
constantk; is the forward rate constant for the second step, for binding of Ant-nTGTP to elFiso4F, elFiso4EB, and
and [C] is the concentration of Anti@TP or MGpppG. elFiso4F4B-PABP, determined from the temperature de-

Figure 3 is a plot of M,,s versus 1/[C] for elFiso4#B, pendence of the rate constants, are shown in Table 1. After
which shows the predicted linear relationship. From the addition of elF4B to elFiso4PABP under conditions where
intercept of 1k;, k; was found to 43.19 2.6 and 29.52+ a complex is formed, the activation energy decreased to 29.22
1.65 st for Ant-m’GTP and mMGpppG with elFiso4HB, + 1.32 and 26.04: 1.76 kJ/mol for Ant-miGTP (Figure 4)
respectively. and mMGpppG (Figure 5), respectively. Previous resusg)

The effects of elF4B on the rate of binding of elFiso4F have shown that the activation energy for elFiso4F (81.5
and elFiso4HPABP to the two mRNA cap analogues, Ant- 2.5 kJ/mol) is~3-fold higher than for the elFiso4#B-PABP
m’GTP and mMGpppG, at different temperatures are shown and Ant-niGTP interactions. The activation energy for
in Tables 1 and 2. Addition of elF4B to the elFiso4F and binding of the dinucleotide capi@pppG to elFiso4F (60.11
elFiso4FPABP complex increasdd values. Similarly, the £ 2.93 kJ/mol) is 2.3-fold higher than that of elFiso4B:

k. values for protein complexes with the mRNA cap PABP (26.04+ 1.76 kJ/mol). These data show a large
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Ficure 5: Arrhenius plots for determining the activation energy
of the interaction between elFiso4B)( elFiso4F4B (@), elFiso4F
PABP (1), and elFiso4F4B-PABP (a) and mGpppG.

reduction in activation energy when elF4B alone or in
combination with PABP is present. The overall reduction in
activation energy for Ant-rGTP binding of 50 kJ/mol
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FiGURE 6: Kinetics of dissociation of Ant-AGTP from elFiso4F
Ant-m’GTP (), elFiso4F4B-Ant-m’GTP @), elFiso4FPABP
Ant-m’GTP (»), or elFiso4F4B-PABP-Ant-m’GTP (a) at 20°C.
Off rates were monitored by rapidly diluting 1@Q of the complex
with 1500 uL of buffer. The concentrations of reactants before
mixing were as follows: 2%M Ant-m’GTP, 5uM elFiso4F, 5
uM elF4B, and 5uM PABP. The diluting buffer contained the

300

formed in the transition state. The activation energy is related
to the enthalpy of reaction, suggesting hydrogen bonds or
ionic interactions rather than hydrophobic forces, which
usually are entropically favorable, are involved. A smaller
reduction in activation energy is seen for the dinucleotide
cap. However, the activation energies for binding of the
elFiso4F4B-PABP complex to the mono- or dinucleotide

cap are similar. This suggests that the second base in the

dinucleotide cap has a large influence on the initial binding
to elFiso4F, but is less important when the other proteins
interact.

elF4B has been shown to affect the equilibrium binding
affinity of elFiso4FPABP for cap analoguesl®). A
substantial contribution to the equilibrium binding affinity

was due to the dissociation rate. To understand further the

mechanism of this reaction, the effects of elF4B on the
dissociation K-,) kinetics of the reaction were investigated.

The dissociation reaction was monitored as described in
Materials and Methods. Figures 6 and 7 show the results of

mixture) to prevent protein complex dissociation. The fluorescence
of Ant-m’GTP was monitored.

o© o o
IS o ©

Relative Fluorescence Intensity
o
N
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FiGURE 7: Kinetics of dissociation of AGpppG from elFiso4f
m’GpppG ), elFiso4F4B-m’GpppG @), elFiso4FPABP-m’-

the dilution experiment. The dissociation rate constants wereGpppG @), or elFiso4F4B-PABP-m’GpppG @) at 20°C. Off

obtained from the fitted curves as (37.211.3) x 102 and
(10.03+ 0.31) x 103 s for elFiso4F and elFiso4BB:
PABP, respectively, with Ant-AGTP (Table 1). Similarly,
the dissociation rates for elFiso4F and elFis@g8-PABP
with m’GpppG were (38.8- 0.83) x 102 and (7.26+ 0.44)

x 1073 s71, respectively (Table 2). Addition of elF4B to
elFiso4F and elFiso4PABP decreased the dissociation rate
approximately 1.5- and 2.0-fold, respectively, for the two
mRNA cap analogues.

DISCUSSION

In this study, the pre-steady-state kinetic effects of elF4B
on the binding of elFiso4F and the elFiseBRRABP complex
by two mRNA cap analogues, Ant“/@TP and mMGpppG,

rates were monitored by rapidly diluting 104 of the complex
with 1500 4L of buffer. The concentrations of reactants before
mixing were as follows: 2&M m’GpppG, 5uM elFiso4F, 5uM
elF4B, and 5uM PABP. The diluting buffer contained the same
concentration of elF4B and/or PABP (as in the reaction mixture)
to prevent protein complex dissociation. The protein fluorescence
was monitored as described in Materials and Methods.

The mechanism of interaction of the cap with elFiso4F
4B and elFiso4HB-PABP is consistent with the previous
mechanism3®8) for interaction of the cap with elFiso4E and
elFiso4F. The binding mechanism for cap binding to the
protein complex follows a two-step process; the first step
was very fast and close to the diffusion-controlled rate, and
the second step was independent of concentration. In our

were investigated using stopped-flow fluorescence. The previous studies with a dinucleotide cap analogue, we found
concentration dependencies of the observed rates of thisk, to be almost 10-fold faster for elFiso4E than for elFiso4F,
process correspond with a two-step reaction model in which suggesting that the smaller protein was more able to
initial fast association of A& cap is followed by a confor-  accomplish the conformational change necessary for binding,
mational change of the complex in a rather fast step, but although the equilibrium constants were similar for the two
with a measurable raté&y Tables 1 and 2). proteins.
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Interestingly, elF4B and PABP have a stronger effect on activation energy than elFiso4FABP or elFiso4FelF4B;

the dinucleotide cap binding than on the mononucleotide cap.however, all rates (low to high temperatures) are enhanced
Ant-m’GTP binding was enhanced less than 2-fold when compared to that with elFiso4FABP. These data suggest
both proteins were present (2€), whereas the dinucleotide that the combination of elF4B and PABP produces a complex
binding was enhanced almost 5-fold when both proteins werethat not only has a low activation energy but also maintains
present. The fact that the rate constakisfor the elFiso4F a rapid binding of the cap to the complex. This complex
and elFiso4HB-PABP complex are less than 2-fold different will be able to form a stable intermediate with rapid cap
for the mononucleotide analogue indicates that the secondbinding and should substantially enhance the rate of protein
base must play a role in the binding. In the case of elFiso4F, synthesis. elF4B and PABP interactions can exquisitely
the second base slows the binding compared with theregulate responses of plants to temperature through cap
mononucleotide. However, the complex and also elFiso4E binding. These data provide further insights into the forma-
bind the dinucleotide much faster. This suggests that tion of the translation initiation complex and form a basis
elFiso4E is more able to rapidly change conformation for determining the detailed effects of protein phosphoryla-

because of its smaller size. The much larger protein complextion and other plant responses to stress conditions.

may have assumed an intermediate conformation that is able
to form the stable complex quickly.

Our previous studies3{) have shown that elF4B has a
significant effect on the equilibrium for cap binding with
elFiso4F. The dissociation equilibrium constant decreased
from 36.9+ 0.49 to 29.0+ 0.55 nM in the presence of elF4B
(37). Only a small effect ork, was observed for elFiso4F
elF4B (39.6+ 1.1 s') compared to elFiso4F (37.9%%

binding to a mononucleotide cap analogue. It is unlikely there 3.

is much effect on the initial second-order binding, because
that rate is close to the diffusion-controlled rate and cannot
account for the difference in the equilibrium constant. The

difference resides in the dissociation rate, as was shown to

be the case for elFiso4FABP. Figures 6 and 7 show the 5.

time course for the dissociation reaction for four complexes.
A significant difference in dissociation rate is seen in the
presence of elF4B and/or PABP for both the mononucleotide
and dinucleotide cap analogue. The dissociation rates are at

least 3.7- and 5.4-fold slower for elFisofnt-m’GTP and 7.

elFiso4Fm’GpppG in the presence of elF4B and PABP,
respectively.
Arrhenius activation energies for binding of elFise4B

and elFiso4HB-PABP to Ant-niGTP were 53.274 2.7 9.

and 29.22+ 1.32 kJ/mol, respectively. Addition of elF4B

to elFiso4dF and elFiso4PABP lowered the activation
energy as compared to our previous data of elFiso4F alone
and for the elFiso4fPABP complex 88). This reduced
temperature dependence suggests that elF4B or PABP
succeeds in accelerating the reaction by providing a path with 12
a substantially lower energy barrier.

The kinetic effects of elF4B enhancement on cap affinity
reside primarily in the dissociation rates. A likely possibility
is that elF4B and PABP, which interact with elFiso4F, induce
a conformational change that is propagated to the cap binding ;4
site. The lower activation energy of elF4B suggests an
intermediate that more easily achieves a stable conformation.

It is interesting to note how the temperature dependence 1°:

of the kinetics leads to these different activation energies.
PABP reduces th&, for elFiso4F by increasing the “on”
rate, k;, at low temperatures and decreasing it at high

temperatures, effectively narrowing the range of rates over 16

this temperature span. elF4B has much the same effect as
PABP onE,, but is not quite as effective in lowerirg, as
PABP. elFiso4FelF4B has an-13.5 kJ/mol higheE, than

elFiso4FPABP. The rates are affected by elF4B in a manner 18.

similar to the effects of PABP. However, the combination
of elF4B and PABP shows further lowering of the activation
energy. This ternary complex binds the cap with a lower

11.

13.

17. Gingras, A. C., Raught, B., and Sonenberg, N.
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