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CHAPTER 1
INTRODUCTION

Protein synthesis is an integral part of the pathway of gene expression and makes
important contributions to modulation of the expression of specific genes (1, 2). Being a
highly energy demanding process, rates of global protein synthesis must be controlled in
order to be in accord with the overall metabolic activity of the cell (3). The dominant
mechanism of control of global protein synthesis is phosphorylation/dephosphorylation of
translational components, primarily initiation and elongation factors (4, 45). It is generally
believed that the rate limiting step of protein synthesis under most physiological conditions
is the initiation phase (5, 6). To date, studies on the phosphorylation of the o subunit of the
eukaryotic initiation factor 2 (eIF-2) constitute one of the best characterized regulatory
mechanisms known. In order to understand how translation is regulated at this level,
knowledge of the mechanism of protein synthesis is required and is thus briefly described
below (7).

In eukaryotic cells, the translation of mRNA occurs in the cytoplasm. It can be
divided into three phases, namely initiation, elongation and termination, which are
promoted by the action of a group of protein factors known as initiation factors (eIFs),
elongation factors (eEFs) and a release factor (eRF, also termination factor), respectively.
In the first step of initiation, free eukaryotic 80S ribosomes are in equilibrium with their
40S and 60S subunits. eIF-3 and eIF-4C shift the equilibrium towards ribosome
dissociation by binding to the 40S subunit and thus inhibiting the joining of the 60S
subunit (8). The resulting structure is the 43S ribosomal complex. eIF-6 is thought to act

similarly by reacting with 60S rather than 40S subunits (9). In the next step, eIF-2 binds



GTP and the initiator tRNA, Met-tRNA; (also Met-tRNAy), in a ternary complex (10).
Ternary complex formation is the committed step of initiation. The resulting complex can
then bind to the 43S ribosomal complex to form the 43S preinitiation complex (11).

On the other hand, mRNA forms a complex with elF-4A, eIF-4B and elF-4F in an
ATP-dependent reaction. eIF-4F is believed to be the 5'-cap binding protein, while eIF-4A
and eIF-4B are ATP-dependent helicases which are thought to play a role in melting mRINA
secondary structures (12, 13). The 48S preinitiation complex is formed upon binding of the
mRNA complex to the 43S preinitiation complex near the 5'-cap structure. The 40S
ribosomal subunit subsequently scans down the mRNA to select the proper start site. The
anticodon of the Met-tRNA; probably participates in the scanning and recognition of the
AUG start codon. The joining of the 48S preinitiation complex and the 60S subunit is
catalyzed by eIF-5 which has a ribosome-dependent GTPase activity. The joining reaction
is accompanied by the release of the eIF-3, eIF-4C and eIF-2-GDP binary complex (14).
The formation of the resulting 80S initiation complex completes the initiation phase of
translation. However, the released elF-2-GDP binary complex is nonfunctional in
translational initiation. To reutilize eIF-2 in the subsequent rounds of initiation, the bound
GDP must be substituted by GTP (15). At physiological concentration of Mg (>1 mM),
the binding affinity of eIF-2 for GDP is approximately 400-fold greater than that for GTP
(K, GDP ~ 5.0 x 10° M versus K; GTP ~ 1.6 x 106 M) (16), and eIF-2-GDP is so stable
that the bound GDP dissociates at an unusually slow rate (t,, > 30 minutes at 30°C) (17).
This difference in affinity and the slow dissociation rate of the eIF-2-GDP complex under
physiological conditions makes it necessary to have another initiation factor, elF-2B (also
referred to as "RE", or "GEF") to catalyze the GDP-GTP exchange reaction for elF-2
recycling.

One apparent exception to this general scheme is wheat germ extracts (44), where
elF-2 has been found to have four rather than three subunits and its affinity for GDP is

only 10 times higher than that for GTP (Kq GTP ~ 1.5 x 10¢ M), suggesting that at a



sufficiently high [GTP]/[GDP] ratio, the guanine nucleotide exchange reaction in wheat
germ cells may take place without other specific factors such as eIlF-2B.

Phosphorylation of the o-subunit of the eIF-2 is believed to be a general pathway in
controlling global protein synthesis. Extensive research has been done in the rabbit
reticulocyte lysate in vitro translation system. Phosphorylation of eIF-2¢ has no effect on
the binding affinity of eIF-2 for GDP (18), nor does it affect spontaneous dissociation of
GDP from elIF-2 (19). Rather, eIF-2(aP)-GDP binds tightly to eIF-2B to form a complex
whose GDP is readily exchangeable yet the eIF-2B in the resulting eIF-2(aP)-eIE-2B
complex is essentially nondissociable and thus nonfunctional (19). Since eIF-2B is present
in lysates at a much lower concentration than eIF-2 (20), phosphorylation of only 20-40%
of the elF-20. present is sufficient to bind all the available eIF-2B in a nonfunctional
complex. This will effectively impede eIF-2 recycling and shut off global protein synthesis.

The single phosphorylation site on the eIF-2 has been identified as residue Ser-51
(21). Two kinases are specific for eIF-2¢ in reticulocyte lysate, the heme-regulated elF-2o.
kinase (HRI) and the double-stranded RNA activated inhibitor (DAI or dsI). HRI is
activated in response to hemin deficiency, addition of oxidized glutathione, heavy metals,
and heat shock (7, 22-24), while DAI is sensitive to low levels of dsRNA (25, 26).
Activation of either of these two kinases results in the phosphorylation of the same Ser-51
residue of elF-2a, followed by an abrupt decline in protein synthesis rate and
disaggregation of polyribosomes. On the other hand, a protein phosphatase (classified as
type-2A) (27) for elF-2(aP) exhibits broad specificity (28). Also temporal correlations of
phosphorylation and activity have been made, a change in factor activity has been
demonstrated in vitro (29), and in vivo evidence has been generated for a role in
translational control (30). All of these provide a convincing although possibly incomplete
explanation for translational repression by HRI or DAIL

Elucidation of the mechanisms controlling the rate of protein synthesis in other cells

has lagged somewhat behind the studies with reticulocytes. However, it is becoming clear



that regulation at the level of eIF-2 function is by no means unique to the reticulocyte.
Kinases and phosphatases acting on elF-2a, have been identified in a wide variety of cells
and tissues (31-35); eIF-2B preparations with very similar activity and subunit structure to
the reticulocyte factor have been isolated from Ehrlich ascites cells (36) and rat liver (37)
and a protein fraction with eIF-2B activity has been obtained from neuroblastoma cells
(38). It is probably true that altering eIF-2B activity via elF-2a phosphorylation is a
general mechanism of controlling global protein synthesis used by many, if not all,
eukaryotic cells.

Although a regulatory role for eIF-2B in global protein synthesis has been
implicated, the story is possibly incomplete. Substantial variation of the eIF-2B/elF-2 ratio
in different cell types and different levels of eIF-2a. phosphorylation in different cell types
have been observed, raising the possibility that a component limiting in one cell type or
physiological state may not be limiting in another. If this is true, the reason for this
difference needs to be found. Also, the subcellular distribution and concentration of eIF-2B
and eIF-2 remains unclear. The central assumption that eIF-2B is far less abundant than
elF-2 can only be stated confidently after these issues are resolved. For the protein itself,
its reaction mechanism, the exact nature of its interaction with both phosphorylated and
dephosphorylated eIF-2, its interaction with possible cofactors or allosteric regulators (22,
41), the specific role of its five subunits, and the possible physiological role of
phosphorylation on its 82-kDa subunit (eIF-2Be) remain to be determined. This study
seeks to understand the structure and function of human eIF-2B by cloning and sequencing

the complementary DNA (cDNA) of its §2-kDa € subunit.



CHAPTER II
LITERATURE REVIEW
Properties of e]lF-2B

The eukaryotic initiation factor 2B (eIF-2B, also referred to in the literature as RF,
or GEF) is a nonribosomal associated multipolypeptide factor consisting of 5 asymmetric
subunits with approximate molecular weights of 82, 65, 55, 40, and 32 kDa respectively
(18, 19, 36, 39, 40). Purified from both post ribosomal supernatants and ribosomal salt
washes, eIF-2B has been isolated in either a free form or complexed in a 1:1 stoichiometry
with eIF-2 (18, 19, 36, 39-41). In all cases, ¢IF-2B shows similar subunit composition,
although slight variations in the molecular weights of the individual subunits have been
observed in different labs. All five subunits appear to exist in equal molar amounts. This
conclusion is further supported by the agreement between its calculated molecular weight of
274 kDa and its apparent molecular weight of about 250 kDa determined by sucrose
gradient centrifugation (40). The purified elF-2-eIF-2B complex has an apparent molecular
weight of 450 kDa and a calculated molecular weight of 418 kDa and this complex can be
dissociated at high salt concentrations (40). The reason for the slight disagreement between
450 kDa and 418 kDa is unclear although impurities and/or true missing structural
components have been proposed to account for the difference (40).

At least two subunits of eIF-2B can be phosphorylated. The 82 kDa € subunit can
be phosphorylated by casein kinase II in vitro in the presence of ATP (42). The extent of
phosphorylation is 0.55 mole of phosphate per mole of eIF-2B, and this results in a
2.3 fold increase in elF-2B activity. Alkaline phosphatase treatment will reduce the activity

of this protein by a factor by 5. These observations suggest that e[F-2B phosphorylation



contributes to the control of eIF-2 recycling, although it is not known if eIF-2Be subunit
phosphorylation is regulated in vivo. The 65 kDa & subunit can also be phosphorylated.
This has been suggested to be autophosphorylation by an intrinsic kinase activity of
elF-2B. The functional significance of this phosphorylation is not known (18).

Photochemical labeling with the 8-azidopurine analogs reveals that the 40 kDa 3
subunit of eIF-2B binds GTP, and that the 55 kDa 7y and the 65 kDa & subunits bind
ATP-Mg? and NADP+ interferes with these bindings. Spectrofluorometric analysis of
elF-2B suggests that NADPH is bound to eIF-2B in a 2:1 ratio (41). The binding of
NADPH can be enhanced by glycerol, dithiothreitol and limited dialysis. The findings that
NADH or NADPH have no effect on elF-2B activity, while NAD* or NADP+ inhibit the
GTP-dependent nucleotide exchange reaction, raise the possibility that eIF-2B activity can
be regulated by the redox state of the cell. However, further in vivo studies are required to
make this issue clear.

elF-2B is generally believed to exist in the cytoplasm and is defined as a
nonribosomal associated initiation factor. But recent observations have indicated that
eIF-2-GDP binds tightly to the 60S ribosomal subunit. The dissociation of elF-2-GDP
complex from 60S subunit is promoted by eIF-2B (46), suggesting eIlF-2B may also
interact transiently with 60S subunit. In fact, the inability of eIF-2B to dissociate
elE-2(aP)-GDP from 60S subunit has led to the proposal that inhibition of protein
synthesis due to eIF-2c. phosphorylation is mediated, at least in part, by this mechanism
(47). However, a different view is held by other authors who doubt the role of 60S
ribosomal subunits as the direct carrier of eIF-2-GDP in the release and recycling of elF-2
in initiation reactions (48). So the biological function of the association of elF-2 or

elF-2-elF-2B with 60S ribosomal subunits remains unclear.



Proposed Catalytic Mechanisms of eIF-2B

The precise mechanism by which elF-2B catalyzes the guanine nucleotide exchange
reaction is not clearly understood. Various models have been proposed (65-74), yet the
exact sequence of events involved during the exchange reaction has not been clearly
established. The overall reaction catalyzed by eIF-2B may be written as

elF-2-GDP + GTP « elF-2-GTP + GDP

The most common model for a two-substrate -two-product reaction may be either a
sequential or a ping pong mechanism, with the sequential model as being far the more
common one.

Ochoa (65) proposed that the eIF-2B catalyzed reaction follows a ping pong
mechanism in which eIF-2B binds eIF-2-GDP to form a ternary complex. Then GDP is
released after which GTP is bound. eIF-2B then releases eIF-2-GTP which in turn forms a
ternary complex with Met-tRNA;

Another ping pong mechanism suggested by Safer (69) is quite similar, but differs
in that the functioning eIF-2B exists inside a ternary complex including elF-2 and
GTP/GDP. The elF-2:GDP complex displaces elF-2:GTP bound to elF-2B, to give
elF-2-GDP-elF-2B. GTP then replaces the GDP inside this complex to regenerate the
active elF-2-GTP-eIF-2B ternary complex. The eIF-2-GTP that is released is used to form
elF-2-GTP-Met-tRNA,.

The ping pong model of Salimans ef al (67) is the same as that of Ochoa, except
after the addition of GTP to the elF-2-eIF-2B complex. In this model, Met-tRNA,;
subsequently joins to form a quaternary complex. Upon binding of the 40S ribosomal
subunit, eIF-2B is released while eIF-2:GTP-Met-tRNA,; stays on the ribosome.

Enzyme kinetic data from Henshaw's lab (71) support a ping pong mechanism as
the mode of eIF-2B function. This mechanism proposes the existence of a
elF-2B-eIF-2-GDP complex and excludes the possibility of two guanine nuceotide binding

sites on elF-2.



A sequential model has been proposed by Goss (68) et al., in which both
elF-2-GDP and GTP must be bound by eIF-2B before any product is released. The
product, eIF-2-GTP is quickly used to form eIF-2-GTP-Met-tRNA,; ternary complex.
Recently, Dholakia et al. (72) have found that eIF-2B is a GTP binding protein. Based on
this observation and other data, a sequential model has been proposed for the guanine
nucleotide exchange reaction. However, further information concerning substrate addition
order (random or ordered) is not available.

Each of these models has been proposed on the basis of experimental data, yet no
study has been definitive. The uncertainty may be due to several factors: the purity of the
elF-2B preparations; the instability of eIF-2B (66, 71); and the possible existence of more
complicated mechanisms. Also, the activity of eIF-2B can be regulated by a variety of
effectors (see below) which might somehow affect the reaction mechanism. Furthermore,
the role of elF-2B in protein synthesis is likely to be more complex than simply to increase
the rate of GDP release. As reported by other investigators (46), eIF-2B may affect the
binding of eIF-2 to 40S subunits and it may also have additional functions while
complexed with ribosomal subunits.

Interestingly, analogous reaction mechanisms have been found in other systems.
Investigators favoring the ping pong model point out that bacterial elongation factor EF-Ts
displaces GDP from EF-Tu-GDP complex (76) by a mechanism similar to that which they
propose, while those supporting the sequential model argue that the eukaryotic receptor

G-protein system (75) may be considered analogous to the eIF-2B catalyzed reaction.
Regulation of eIF-2B Activity

The guanine nucleotide exchange activity of eIF-2B is mainly regulated by
phosphorylation of the a-subunit of eIF-2 (7). Upon phosphorylation, elF-2(aP)-GDP
forms a tight complex with eIF-2B which is not readily dissociable (19). Since elF-2B is

believed to be much less abundant than eIF-2, phosphorylation of only a part of the elF-2a.



present is sufficient to abolish all available eIF-2B activity. Although originally studied in
the rabbit reticulocyte lysate system, this mechanism is believed to be a general pathway in
controlling global protein synthesis in many, if not all, eukaryotic cells. However,
exceptions to this mechanism may exist. In the wheat germ system, eIF-2 has been isolated
as a four (rather than a three) subunit factor. The 40 kDa - and 42 kDa y-subunits, but not

the 37 kDa o-subunit can be readily phosphorylated by the dsSRNA activated kinase (DAI)

from rabbit reticulocytes (44). Furthermore, the affinity of eIF-2 for GDP is only 10 times
that for GTP, making it possible that the GDP-GTP exchange at high [GTP]/[GDP] ratios
may not require elF-2B. These observations suggest that eIF-2B activity in wheat germ
may not be regulated by phosphorylation of eIF-2 subunits. Another exception might arise
from the controversial role played by 60S ribosomal subunit mediated interaction between
elF-2-GDP and elF-2B (47, 48). The possible existence of other pathways for controlling
global protein synthesis via elF-2o. phosphorylation may account for the substantial
variations in the elF-2/elF-2B ratio observed and the different levels of elF-2a
phosphorylation in different eukaryotic cells (20, 31, 49). Clearly, there is still a great deal
to learn concerning this.

Two kinases specific for eIF-2o. and one phosphatase with broad specificity have

been implicated in regulating the phosphorylation status of eIF-2a.. HRI is active in

response to hemin deficiency, addition of oxidized glutathione, heavy metals, methylene
blue and heat shock, while DAI is activated by low levels of dsRNA. Both activated
kinases phosphorylate the same Ser-51 residue on elF-2c.. Inhibition of elF-2o
phosphatase activity, while eIlF-2a kinase activity remains unchanged, has also been
reported to affect eIF-2B activity via changing the status of eIF-2a. phosphorylation in rat
livers deprived of single essential amino acids (50). In other studies, vasopressin (51) and
mobilization of sequestered Ca?* in the endoplasmic reticulum in rat liver (52), and a
temperature sensitive mutation in Leu-tRNA synthetase in Chinese Hamster Ovary cells

(53) have been demonstrated to cause changes in eIF-2c. phosphorylation status. However,
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the specific signal transduction pathways involved need to be identified. Since kinases and
phosphatases acting on eIF-2a have been identified in a wide variety of cells and tissues
(31-35), regulation of elF-2B activity via regulating eIF-2¢. phosphorylation status through
elF-2o kinases and phosphatases is likely a general mechanism adopted by many other
eukaryotic cells, although it is not yet clear if other kinases or phosphatases are also
involved.

elF-2B activity may also be regulated by various other factors without changing
elF-2a phosphorylation status. Glucose-6-phosphate (Glc-6-P) has been demonstrated to
be required for maintaining active states of translation (22), but its mechanism of action is
currently unsettled. Jackson et al (54) concluded that Glc-6-P has a dual role: it is required
to provide a suitable reducing system; and, in addition, sugar phosphate has some
unknown activating role on chain initiation. The reducing system is required to maintain
HRI in an inactive form (54). In addition, Gross et al (56) demonstrate that Glc-6-P
regulates, perhaps directly, the activity of eIF-2B in a manner that is independent of elF-2a
phosphorylation. If this is true, it may also account for the observed ability of insulin to
stimulate eIF-2B activity in rat fast twitch fiber (57). Given the central position of Glc-6-P
in glycolysis and the pentose phosphate pathway, the effect of Glc-6-P on eIF-2B activity
might well integrate the rate of global protein synthesis with carbohydrate metabolism in the
cell.

A variety of evidence suggests that redox potential may affect protein synthesis
activity by influencing eIF-2B activity without changing of eIF-2a phosphorylation status.
Regeneration of NADPH is known to be required for protein synthesis (22), and NADPH
has been suggested to be an allosteric regulator of eIF-2B activity (41). However, other
evidence suggests that NADPH itself may not be responsible for increased eIF-2B activity
(58). In in vitro studies, the exchange of eIF-2-bound GDP is markedly inhibited by NAD*
and NADP+ and restored by NADPH (41). But eIF-2B activity in this system is dependent

on the presence of Glc-6-P (56). In another study, where eIF-20. phosphorylation status
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was not related to the eIF-2B activity, inhibition of protein synthesis in mixed fiber muscles
of diabetic rats has been proposed to involve a change in the phosphorylation status of
elF-2Be subunit or a change in the NADPH/NADP-+ ratio (59). However, the mechanism
by which redox potential and NADPH affect eIF-2B activity is still unclear.

Met-tRNA, is also required for efficient recycling of eIF-2-GDP to eIF-2-GTP
under physiological conditions (60). It is believed that Met-tRNA; stabilizes the exchange
reaction product eIF-2-GTP by forming a Met-tRNA;-eIF-2-GTP ternary complex.

Polyamines also appear to regulate elF-2B activity (61). Although the precise
mechanism of action is unclear, it has been proposed that polyamines exert their effect by
regulating casein kinase II (62) which in turn activates elF-2B (42).

In reticulocyte lysate, amino acid deficiency may lead to reduction of eIF-2B
activity while no change in eIF-20. phosphorylation is observed (61). The reduction of
elF-2B activity is insufficient, by itself, to slow the rate of protein synthesis. The
translational inhibition is exerted on polypeptide chain elongation, not initiation, suggesting
that amino acid deficiency regulates eIF-2B activity by a different mechanism. This seems
to have changed in nonerythroid cells. A study on a temperature-sensitive tRNALee
synthetase mutant of Chinese Hamster Ovary cell shows that reduction in eIF-2B activity is
associated with an increased level of elF-2(aP) (62). However, recharging tRNALe
in vivo at non-permissive temperature failed to reverse the inhibition of eIF-2 function,
indicating that tRNA charging per se is not involved in the regulatory mechanism. In
addition, aging has been shown to decrease eIF-2B activity in rats. No clear mechanism is
available for this effect (64).

Given their important roles in controlling global protein synthesis, it is not
surprising to see that so many factors can exert effects on eIF-2 and eIF-2B, either directly
or indirectly. Such is in accord with the notion that protein synthesis must be controlled and

integrated into the overall metabolic activity of the cell in order to respond properly to many
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different stimuli, including environmental stresses, viral infection, and developmental

signals.
Yeast e[F-2B Analog

Much of the information concerning protein synthesis regulation in yeast comes
from the study of the control of amino acid biosynthesis. In response to amino acid
starvation, the budding yeast Saccharomyces cerevisiae increases expression of the GCN4
protein, which in turn activates transcription of more than 30 genes encoding enzymes
involved in amino acid biosynthesis (general amino acid control). Such increased
expression of GCN4 is primarily regulated at the level of translation initiation (77). Four
upstream open reading frames (uORFs) in the leader of GCN4 mRNA couple GCN4
translation to the level of elF-2 activity (78). Under non-starvation conditions, it appears
that ribosomes scanning from the 5' end of GCN4 mRNA translate the first ORF and

reinitiate at one of the three remaining uORFs instead of at the GCN4 start codon. Under

starvation conditions, the GCN2 elF-2a kinase becomes activated and phosphorylates
yeast eIF-2a. In the presence of low levels of functional elF-2-GTP-Met-tRNA; ternary
complexes, ribosomes scanning downstream from uORF1 skip uORF2 to -4 and reinitiate
further downstream at the GCN4 start codon (79). Thus, a decrease in the elF-2 activity
(and thus the efficiency of reinitiation) leads to an increase in GCN4 translation.

In higher eukaryotes, exchange of GDP for GTP is catalyzed by eIF-2B, a five
subunit protein. A high molecular weight "GCD complex" associated with eIF-2 that
contains GCD1, GCD2 and GCN3 was postulated to be elF-2B in S. cerevisiae (80).
Recently, two new essential genes, GCD6 and GCD7, have been identified in S. cerevesiae
(81). Although direct biochemical experiments will be required to demonstrate an
association of GCD6 and GCD7 with other GCD factors, many observations strongly
suggest that GCD6 and GCD7 are additional subunits of the GCD complex. The most

convincing evidence is the discovery that GCD6 is 30% identical in sequence to the 82 kDa
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subunit of rabbit eIF-2B, with the greatest similarity occurring at their amino termini. The
quality score for GCD6 aligned with elF-2Be was 36 standard deviations above the mean
score for the randomized sequences, indicating a very high level of statistical significance
for the sequence similarity between GCD6 and elF-2Be.

In higher eukaryotes, phosphorylation of eIF-2c plays an important role in
controlling global protein synthesis according to the sequestration model (7). Dever et al
(79) found that the yeast protein kinase GCN2 stimulates GCN4 translation in amino acid
starved cells by phosphorylating eIF-2o. on Ser-51 residue. This evidence together with the
finding that GCN2 is homologous to rabbit reticulocyte HRI and human DAI (82) strongly
suggest that GCN2 plays a role in global regulation of protein synthesis in yeast by
controlling phosphorylation status of yeast eIF-2 in response to signals such as amino acid
starvation.

The observation that the budding yeast S. cerevisiae has a mechanism for regulating
global protein synthesis which is quite similar to that of many higher eukaryotes, suggests
that this mechanism is likely to be of vital importance since it is conserved from yeast to

human.



CHAPTER II1
MATERIALS AND METHODS
Materials

All restriction endonucleases were purchased from United State Biochemical
(USB), Bethesda Research Laboratory (GIBCO BRL), or Promega; T4 DNA ligase,
Exonuclease III, and S1 Nuclease were from Promega; the BIOPRIME™ DNA Labeling
System was purchased from GIBCO BRL; the pA1 plasmid containing the rabbit eIF-2Be
cDNA was obtained from this lab (Dr. Agatha Asuru); the human histiocytic lymphoma
(U-937) cell cDNA library constructed in Agtl0 was a gift kindly provided by Dr. N.
Shaun B. Thomas (University College London); the bacterial strain E. coli C600hfI (for
lambda phage) was from Promega and MAX EFFICIENCY DH50o™ Competent Cells were
from BRL; the 150 mm and 82 mm nylon membrane circles were from MagnaGraph
(Micron Separations Inc.) and BRL, respectively; the streptavidin-alkaline phosphatase
(SA-AP) conjugate was bought from BRL; the 5' RACE kit for rapid amplification of
¢DNA 5' Ends was purchased from GIBCO BRL; the human gene specific primer 1
(hGSP1) was synthesized by Oklahoma State University Core Facility; the nested human
gene specific primer 2 (h\GSP2) was synthesized by National Biosciences Inc. (NBI); the
human HeLa cell total RNA was from Clontech; the GeneAmpR PCR reagent kit with
AmpliTaq® DNA polymerase was bought from Perkin Elmer Cetus Corp.; chemicals for
color detection (NBT, Nitroblue Tetrazolium Chloride; BCIP, 5-Bromo-Chloro-3-
Indolylphosphate) were from Sigma; Sequenase® Version 2.0 DNA sequencing Kit was

purchased from USB and dATPaS[*S] was from New England Nuclear Research

products of DuPont; ultrapure sequencing reagents (urea, acrylamide and bis-acrylamide)
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were bought from USB. All other chemicals and reagents are from Sigma, USB, EM
Science (of EM Industries, Inc.) or Fisher Scientific.

Media prepared: LB medium is 1% (w/w) Bactotryptone, 1% (w/w) NaCl, and
0.5% (w/w) yeast extract; LM agar is 1% (w/w) Bactotryptone, 0.5% (w/w) yeast extract,
10 mM NaCl, 10 mM MgS0Oy, and 1.5% agar; and TAXI plates are 5 ptg/ml Thiamine,
20 pg/ml ampicillin, 33 pg/ml X-gal, and 8.1 pg/ml IPTG in LM agar.

20 x SSCis 3.0 M NaCl and 0.3 M sodium citrate, pH 7.0.
Methods
Nonradioactive (Biotin-14-dCTP) Labeling of DNA Probes

The 2.5 kb rabbit reticulocyte eIF-2Be cDNA was digested out as a BarmHI-HindIII
(USB) fragment from about 10 pg of CsCI-EtBr gradient purified pAl plasmid which
contains the cDNA inserted into the EcoRI site of the pBluescript vector. The digestion
product was separated on a 0.8% agarose gel. The 2.5 kb cDNA insert was excised from
the gel, and the DNA was then recovered by the freeze-squeeze method as described (83).
Using the BIOPRIME™ DNA labeling system (GIBCO BRL), this 2.5 kb insert was then
non-radioactively labeled with biotin-14-dCTP via the random priming method according to

manufacturer's suggestion.

Screening the Human Agt10 cDNA Library

About 500,000 phages from a human histiocytic lymphoma (U-937) cell cDNA
library constructed in Agt10 were plated out on C600Af! (Promega) lawns at a density of
about 50,000 pfu per 150 mm plate (84). The plates were kept at 37°C for 9-16 hours until
the plagues just touched. After chilling the plates at 4°C for 2 hours, plaques from each
plate were transferred to a pair of nylon membranes (MagnaGraph) as previously described

(84). Each membrane was then washed successively with 0.5 N NaOH containing 1.5 M
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NaCl; 0.5 M Tris-HClL (pH 8.0) containing 1.5 M NaCl; and 2 x SSC (84), respectively.
The plaque DNA was then cross-linked to the membranes by UV cross-linking. The
prehybridization (4 hours) and hybridization (overnight, >12 hours) were carried out in the
presence of 50% formamide at 42°C according to the protocol provided by PHOTOGENE
(GIBCO BRL) non-radioactive nucleic acid detection system. Binding the streptavidin-
alkaline phosphatase conjugate (GIBCO BRL) was carried out according to PHOTOGENE
protocol and detection of biotin-labeled probe DNA-target DNA hybrids was done
according to a protocol from the Nonradioactive DNA Labeling and Detection Kit from
Boehringer-Mannheim.

Positive plaques were picked out from the original plates as described (84).
Secondary screening was done essentially the same way as the primary screening, except
that plaque density was reduced to below 500 pfu per 80 mm plate. Well resolved plaques
were then isolated and stored individually.

Dot Blot Analysis of Positive Lambda Plaques

Each positive lambda isolate was grown as described (84) in a small-scale liquid
culture until lysis occured. Then 5 pl of supernatant from each lysate was spotted on a
nylon filter. This filter was then treated exactly the same as in the "library screening"
section. For positive control, 800 pg of pAl plasmid was also spotted. A randomly

selected Agt10 phage was also included as negative control.
Subcloning into Sequencing Vector pBluescript SK(+)

Isolation of lambda phages was performed as described (84). About 1 pug of each
phage DNA was digested completely by EcoRI. The digestion products were separated on
a 0.8% agarose gel. Only the phage with the largest insert was chosen to be subcloned.

Since the largest insert had an internal EcoRI site, partial digestion was performed

at 37°C for 20 minutes with 1 pug of A DNA being digested by 20 units of EcoRI (USB).
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The digestion product was separated on a 0.8% agarose gel, and the DNA band
corresponding to the intact insert was excised from the gel. The insert DNA was recovered
(83) and subsequently ligated into the pBluescript vector as described (84).

Transformants were screened on TAXI plates. Several white colonies bearing
inserts were randomly isolated and their plasmid DNAs were further characterized by

restriction endonuclease (EcoRI, BamHI and HindIII) digestion.
Southern Blotting to Check Insert Identity

Lambda DNA and plasmid DNA were digested by appropriate restriction
endonucleases (EcoRI, BamHI or HindIIl). The digestion products were separated on a
0.8% agarose gel. After staining by EtBr and photography, the gel was treated once in
0.25 M HCI for 15 minutes for depurination, twice in 0.5 N NaOH containing 1.5 M
NaCl for 20 minutes to denature the DNA, and twice in 1.0 M Tris-HCl containing 1.5 M
NaCl for 20 minutes to neutralize the gel. The DNA was then transferred onto a nylon
membrane as described in PHOTOGENE protocol. Hybridization with biotin-14-dCTP
labeled cDNA probe, binding of SA-AP conjugates, and color detection reaction were

performed exactly the same way as that in the "library screening" section.
Generating Unidirectional Deletions to Facilitate Sequencing

To facilitate fast sequencing of relatively large inserts with one (or two) primer(s), a
series of unidirectional deletions (Exo III library) were generated according to "Protocols
and Applications Guide" (2nd Edition) from Promega. The recombinant pBluescript
containing insert was first linearized by Kpnl (GIBCO BRL) and EcoRV (USB) and then
extracted with TE-saturated phenol/chloroform. The DNA was then precipitated and
redissolved in Exo III buffer (66 mM Tris-HC], pH 8.0; 0.66 mM MgCly). Exo III
deletion at 37°C, ligation and transformation procedures were exactly the same as described

in the protocol with each sample being taken out at a 30 second interval.
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The progressive deletion process was checked on a 0.8% agarose gel as
recommended. The transformants selected from different LB plates were further
characterized by isolating plasmid DNA and restriction endonuclease digestion. This
process can be continued until a series of plasmids with satisfactory (200-300 bp shorter)
lengths are obtained. The same procedure was used to generate another Exo III library from
another recombinant pBluescript plasmid bearing the same insert but with a different

orientation. The same restriction endonucleases (Kpnl and EcoRV) were used in this case.
Sequencing

Nucleic acid sequencing using dideoxy method was carried out with a Sequenaser®
Version 2.0 DNA Sequencing Kit from U. S. Biochemical Corp. (Cleveland, Ohio) and
dATPaS[35S] (NEN-DuPont) as recommended by manufacturer. Sequences for both

strands were obtained by this method from the two Exo III libraries described above.
5'RACE (Rapid Amplification of 5' cDNA End)

In an attempt to get the missing 5' end of the human cDNA, a combined approach
of reverse transcription and PCR called 5'-RACE (Rapid Amplification of 5'-cDNA Ends)
was employed by using the 5' RACE Kit bought from GIBCO BRL. The whole procedure
was performed according to the manufacturer's recommendation. Briefly, available
sequence information downstream of the internal EcoRI site was used to synthesize a
human gene specific primer (hGSP1). After priming the first strand cDNA synthesis from
1 pg of human HeLa cell total RNA (Clontech) with this hGSP1, RNA templates were
digested away with RNaseH. The cDNA purified by GLASSMAXR DNA Isolation Spin
Cartridge was then tailed with dCTP by Terminal deoxynucleotidyl Transferase (TdT) and
served as the PCR template for an anchor primer (with a complementary poly(dG) tail) and
a nested gene specific primer 2 (hGSP2). PCR reaction conditions were 94°C for 45

seconds, 57°C for 25 seconds, and 72°C for 2 minutes. This cycle was repeated 35 times
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followed by 8 minutes final extention at 72°C. PCR products were analyzed on a 0.8%
agarose gel. Southern blotting of the gel and subsequent hybridization with elF-2Be
specific probes and color development were the same as those in the "Southern Blotting"

section.
Data Analysis

Sequencing data were analyzed by MacVector™ 4.0 software on a Macintosh
computer. Genetics Computer Group (GCG) sequence analysis software package based on
the University of Oklahoma VAX computer was employed for mRNA secondary structure
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