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cells containing such CDNA molecules and libraries. The 
invention also relates to kits for making the CDNA molecules 
and libraries of the invention. 
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CDNA SYNTHESIS IMPROVEMENTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t, under 35 U.S.C. 
§119(e), of US. Provisional Application No. 60/122,395, 
?led on Mar. 2, 1999, Which is fully incorporated by reference 
herein. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to the ?eld of molecu 
lar and cellular biology. The invention generally relates to 
methods of synthesizing cDNA. More speci?cally, the 
present invention relates to methods of increasing the average 
cDNA insert siZe and more particularly, to increasing the 
percentage of full-length cDNA present Within cDNA librar 
ies. Thus, the present invention provides improved cDNA 
libraries useful in gene discovery. 
[0003] In examining the structure and physiology of an 
organism, tissue or cell, it is often desirable to determine its 
genetic content. The genetic frameWork of an organism is 
encoded in the double-stranded sequence of nucleotide bases 
in the deoxyribonucleic acid (DNA) Which is contained in the 
somatic and germ cells of the organism. The genetic content 
of a particular segment of DNA, or gene, is only manifested 
upon production of the protein Which the gene encodes. In 
order to produce a protein, a complementary copy of one 
strand of the DNA double helix (the “coding” strand) is 
produced by polymerase enZymes, resulting in a speci?c 
sequence of ribonucleic acid (RNA). This particular type of 
RNA, since it contains the genetic message from the DNA for 
production of a protein, is called messenger RNA (mRNA). 
[0004] Within a given cell, tissue or organism, there exist 
many mRNA species, each encoding a separate and speci?c 
protein. This fact provides a poWerful tool to investigators 
interested in studying genetic expression in a tissue or cell. 
mRNA molecules may be isolated and further manipulated by 
various molecular biological techniques, thereby alloWing 
the elucidation of the full functional genetic content of a cell, 
tissue or organism. 
[0005] A common approach to the study of gene expression 
is the production of complementary DNA (cDNA) clones. In 
this technique, the mRNA molecules from an organism are 
isolated from an extract of the cells or tissues of the organism. 
This isolation often employs solid chromatography matrices, 
such as cellulose or agarose, to Which oligomers of thymidine 
(T) have been complexed. Since the 3' termini on most 
eukaryotic mRNA molecules contain a string of adenosine 
(A) bases, and sinceA binds to T, the mRNA molecules can be 
rapidly puri?ed from other molecules and substances in the 
tissue or cell extract. From these puri?ed mRNA molecules, 
cDNA copies may be made using the enZyme reverse tran 
scriptase (RT) or DNA polymerases having RT activity, 
Which results in the production of single-stranded cDNA 
molecules. The single-stranded cDNAs may then be con 
verted into a complete double-stranded DNA copy (i.e., a 
double-stranded cDNA) of the original mRNA (and thus of 
the original double-stranded DNA sequence, encoding this 
mRNA, contained in the genome of the organism) by the 
action of a DNA polymerase. The protein-speci?c double 
stranded cDNAs can then be inserted into a vector, Which is 
then introduced into a host bacterial, yeast, animal or plant 
cell, a process referred to as transformation or transfection. 
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The host cells are then groWn in culture media, resulting in a 
population of host cells containing (or in many cases, 
expressing) the gene of interest or portions of the gene of 
interest. 
[0006] This entire process, from isolation of mRNA to 
insertion of the cDNA into a vector (e.g., plasmid, viral vec 
tor, cosmid, etc.) to groWth of host cell populations containing 
the isolated gene or gene portions, is termed “cDNA cloning.” 
If cDNAs are prepared from a number of different mRNAs, 
the resulting set of cDNAs is called a “cDNA library,” an 
appropriate term since the set of cDNAs represents a “popu 
lation” of genes or portions of genes comprising the func 
tional genetic information present in the source cell, tissue or 
organism. Genotypic analysis of these cDNA libraries can 
yield much information on the structure and function of the 
organisms from Which they Were derived. 
[0007] The ability to increase the total amount of cDNA 
produced, and more particularly to produce a cDNA libraries 
having an increase in the average siZe of the cDNA molecules 
and/or to produce cDNA libraries having an increase in the 
percentage of full-length cDNA molecules Would provide a 
signi?cant advance in cDNA library construction. Speci? 
cally, such advances Would greatly improve the probability of 
?nding full-length genes of interest. 
[0008] Ideally, synthesis of a cDNA molecule initiates at or 
near the 3' termini of the mRNA molecules. Priming of cDNA 
synthesis at the 3' termini at the poly A tail using an oligo(dT) 
primer ensures that the 3' message of the mRNAs Will be 
represented in the cDNA molecules produced. Priming Which 
occurs Within the mRNA molecules (internal priming) results 
in synthesis of cDNA molecules Which do not contain the 
full-length message for the genes of interest. That is, internal 
priming results in truncated cDNA molecules Which contain 
only a portion of the gene or genes of interest. Typically, 
internal priming causes a loss of the 3' sequences from the 
message population. Thus, internal priming loWers the total 
amount of cDNA produced, decreases the average insert siZe 
of cDNA molecules for a cDNA library and/ or decreases the 
percentage of full-length cDNA molecules in a given cDNA 
library. Sequencing analysis has indicated that many eukary 
otic mRNAs have internal poly adenylation stretches Which 
may serve as a priming site When an oligo(dT) primer is used 
for ?rst strand cDNA synthesis With reverse transcriptase. 
Moreover, research has shoWn that some mRNAs can have as 
many as 16 internal priming sites (Lovett, M., et al., The 
construction of full-length cDNA libraries by conventional 
methods and a novel double capture technique, University of 
Texas SouthWestern Medical Center, Dallas, Tex., presented 
at the 48th Annual Meeting held by The American Society of 
Human Genetics, Oct. 27-31, 1998, Denver, Colo.). Thus, 
internal priming of the primer to such internal poly A 
sequences may adversely affect cDNA synthesis. 
[0009] The present invention alleviates, prevents, reduces 
or substantially reduces internal priming thereby providing 
improvements in cDNA and cDNA library construction. 
Accordingly, the present invention greatly facilitates gene 
discovery by providing cDNA libraries containing a greater 
percentage of full-length genes. 
[0010] The present invention therefore relates to synthesiZ 
ing a cDNA molecule or molecules from an mRNA template 
or population of mRNA templates under conditions suf?cient 
to increase the total amount of cDNA produced, increase the 
length of the cDNA molecules produced, and/ or increase the 
amount or percentage of full-length cDNA molecules pro 
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duced. In accordance With the invention, any conditions 
Which inhibit, prevent, reduce or substantially reduce internal 
priming may be used. Such conditions preferably include but 
are not limited to optimizing primer concentrations, optimiz 
ing reaction temperatures and/or optimizing primer length or 
speci?city. Such result may also be accomplished in accor 
dance With the invention by optimizing the reverse transcrip 
tion reaction, preferably by inhibiting or preventing reverse 
transcription until optimum or desired reaction conditions are 
achieved. 

[0011] Conventional methods for constructing cDNA 
libraries use a molar ratio of oligo(dT) primer/mRNA tem 
plate of 15:1 for ?rst strand cDNA synthesis. The use of such 
excess amounts of oligo(dT) primer alloWs internal priming 
of one or more primers to one or more of the mRNA templates 

in the reaction. According to a preferred aspect of the present 
invention, the amount of oligo(dT) primer is reduced for 
synthesis of ?rst strand cDNA to inhibit, prevent, reduce or 
substantially reduce internal priming. Preferred molar ratios 
of primer to template range from about 12: 1; 10:1; 9:1; 8:1; 
7:1; 6:1;5:1;4:1;3:1;2:1; 1:1; 1:2; 1:3; 1:4; 1:5; 1:6; 1:7; 1:8; 
1:9; 1:10 and 1:12. Preferably, molar ratios of primer (e.g., 
oligo(dT)) to template (e. g., mRNA) range from about 5:1 to 
about 1 :20, although loWer molar ratios of primer to template 
may be used in accordance With the invention. Speci?cally, 
molar ratios of primer to template may be beloW about 1:10; 
1:15; 1:20; 1:25; 1:50; 1:75; and 1:100. Preferably, ranges of 
molar ratios are beloW about 5:1; 4:1; 3:1; 2:1; 1:1; 1:2; 1:3; 
1:4; and 1:5. Most preferably, ratios of primer to template 
range from about 10:1 to 1:10; 5:1 to 1:10; 4:1 to 1:10; 3:1 to 
1:10;2.5:1 to 1:10; 2:1 to 1:10; 1.5:1 to 1:10; and 1:1 to 1:10. 
The optimum ratios of primer to template may vary depend 
ing on the primer, mRNA, reverse transcription enzyme and 
reaction conditions (annealing temperature, buffering salts, 
etc.). The desired primer to template ratios can be readily 
determined by one skilled in the art. 

[0012] In conventional methods of cDNA library construc 
tion, annealing or hybridizing primer to template is not car 
ried out at a temperature Which prevents, inhibits, reduces or 
substantially reduces internal priming. Typically, the mixture 
(e.g., mRNA and oligo(dT) primer) is chilled on ice after 
denaturation or heating. This process typically causes anneal 
ing or hybridization of the primer to internal sites. According 
to a preferred aspect of the present invention, the temperature 
during the annealing or hybridization betWeen the primer and 
the template is maintained so that internal priming is inhib 
ited, prevented, reduced or substantially reduced. In accor 
dance With the invention, such a result is accomplished by 
carrying out primer annealing or hybridization at higher tem 
peratures. Such conditions may also reduce the formation of 
mRNA secondary structures during cDNA synthesis. Prefer 
ably, temperatures for annealing or hybridizing primers to the 
templates range from about 10° C. to about 90° C.; more 
preferably about 10° C. to about 80° C.; still more preferably 
about 20° C. to about 75° C.; more preferably about 25° C. to 
about 75° C.; still more preferably about 30° C. to about 65° 
C.; still more preferably about 37° C. to about 60° C.; still 
more preferably about 40° C. to about 60° C.; still more 
preferably about 45° C. to about 60° C.; still more preferably 
about 45° C. to about 55° C.; and most preferably about 45° C. 
to about 65° C. The temperature used may vary depending on 
the type and amount of primer and template and depending on 
the temperature optimum of the reverse transcription enzyme. 
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The optimum temperature or temperature ranges can be 
readily determined by one skilled in the art. 

[0013] Conventional methods for cDNA synthesis typi 
cally requires the use of oligo(dT) primers of a particular 
length (12-18 bases or mer). Such primer length, hoWever, 
loWers speci?city of the primer thereby alloWing internal 
priming. Thus, the invention also relates to increasing speci 
?city of the primers to prevent, inhibit, reduce or substantially 
reduce internal priming. In a preferred aspect, primer speci 
?city is increased by increasing the length of the primer. Thus, 
for cDNA synthesis, longer oligo(dT) primers may be used in 
accordance With the invention. Preferably, primer length 
ranges from about 20 to about 100 bases, about 20 to about 75 
bases, about 20 to about 60 bases, and about 20 to about 50 
bases; more preferably about 20 to about 45 bases; more 
preferably about 20 to about 40 bases; and most preferably 
about 25 to about 35 bases. In a preferred aspect, the length of 
the primers are greater than 19 bases; more preferably greater 
than about 20 bases; more preferably greater than about 25 
bases; and still more preferably greater than about 30 bases. 
Such primer lengths refer to the length of the primers Which 
anneal or hybridize to the template. Optimum length and 
content (nucleotide sequence) of the primers may vary 
depending on the type of template, the desired reaction con 
ditions, and the reverse transcription enzyme. In accordance 
With the invention, additional sequences and/or modi?ed 
nucleotides may be included in the primers of the invention. 
For example, additional sequences (Which do not necessarily 
anneal or hybridize to the template) may be included in the 
primers of the invention to assist in cDNA synthesis including 
sequences comprising one or more restriction endonuclease 
sites, one or more derivative nucleotides (e.g., hapten con 
taining nucleotides such as biotinylated nucleotides), and the 
like. The type and length of the primers used in accordance 
With the invention can be readily determined by one or more 
skilled in the art. 

[0014] Conventional cDNA synthesis methods do not con 
trol or vary activity of the reverse transcription enzyme to 
optimize the reverse transcription reaction. In accordance 
With the invention, the activity of the reverse transcriptase is 
preferably controlled to start synthesis at a desired time in the 
reaction. In a preferred aspect, reverse transcriptase activity is 
inhibited or prevented until optimum or desired reaction con 
ditions are achieved. Such a result is accomplished in accor 
dance With the invention by the use of inhibitors (such as 
antibodies or antibody fragments) Which inhibit reverse tran 
scriptase activity. Such reverse transcriptase inhibitors pre 
vent or inhibit reverse transcriptase activity at loW tempera 
tures such that internal priming is prevented, inhibited, 
reduced or substantially reduced. In accordance With the 
invention, such inhibitors preferably prevent reverse tran 
scriptase activity beloW 35° C., beloW 40° C., beloW 45° C., 
beloW 50° C., beloW 55° C., beloW 60° C., beloW 65° C., 
beloW 70° C., beloW 75° C., beloW 80° C., beloW 85° C. and 
beloW 90° C. Depending on the thermostability of the enzyme 
having reverse transcriptase activity, the inhibitor may be 
designed to inhibit activity of the enzyme at a point at or near 
the temperature optimum for the enzyme of interest. Prefer 
ably, the inhibitor is inactivated at a temperature beloW or near 
the temperature optimum of the enzyme used, thereby alloW 
ing reverse transcription to take place. Thus, the invention 
generally relates to the use of reverse transcriptase inhibitors 
in cDNA synthesis. The type and amount of inhibitor may 
vary depending on the type and amount of reverse transcrip 
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tion enzyme and depending on the reaction conditions to be 
used. The type of inhibitor and conditions used With such 
inhibitor can be readily determined by one of ordinary skill in 
the art. 

[0015] In accordance With the invention, any one or a com 
bination of the above improvements to cDNA synthesis may 
be used. Using any one or a combination of these improve 
ments provides for improved ?rst strand cDNA synthesis 
(e. g., more total cDNA, larger cDNA and/or more full-length 
cDNA). In accordance With the invention, the ?rst strand 
cDNA molecules may be used as templates to make one or 
more double stranded nucleic acid molecules (e.g., double 
strand cDNA molecules) by incubating one or more of the 
?rst strand cDNA molecules produced by the methods of the 
invention under conditions su?icient to make one or more 
nucleic acid molecules complementary to all or a portion of 
the ?rst strand cDNA molecules. Conditions for making 
double stranded nucleic acid molecules preferably include 
incubation With one or more components consisting of one or 
more DNA polymerases, one or more nucleotides, one or 

more buffering salts, and one or more primers. In another 
aspect of the invention, such conditions are modi?ed to pro 
vide an increase in the total amount of double stranded cDNA 
produced, an increase in the length or siZe of the double 
stranded cDNA molecule produced, and/or an increase in 
percentage full-length double stranded cDNA molecule pro 
duced. Preferably, such conditions relate to optimiZation of 
ribonuclease (RNase) digestion after ?rst strand cDNA syn 
thesis. During ?rst strand cDNA synthesis, if a full-length 
cDNA molecule complementary to the mRNA template is not 
made, a single stranded mRNA containing the cap structure 
Will be present at the 5' end of the mRNA of the mRNA/cDNA 
hybrid. If a full-length cDNA is produced, a double stranded 
mRNA/cDNA hybrid is produced With no single stranded 
mRNA present. Preferably, such digestion conditions are 
optimiZed so that the single stranded mRNA of the mRNA/ 
cDNA double stranded molecules formed during ?rst strand 
cDNA synthesis is subject to RNase digestion. In this manner, 
cap structure from mRNA/cDNA hybrids Which are not full 
length are removed While full-length mRNA/cDNA hybrids 
Will retain the cap structure. Thus, cap capture can be used to 
select for full-length molecules and select against molecules 
Which are not full-length. In a preferred aspect, the conditions 
are such that the single stranded mRNA of the mRNA/cDNA 
hybrid is digested or degraded While the mRNA of the double 
stranded mRNA/cDNA hybrid is not degraded or not sub stan 
tially degraded. Thus, such RNase digestion is conducted 
under conditions such that second strand synthesis is not 
substantially adversely affected. That is, second strand syn 
thesis in accordance With the invention produces larger 
double stranded cDNA molecules compared to conventional 
techniques. Conventional RNase I conditions typically range 
from 25 u/ug to 40 u/ug mRNA at 37° C. and RNase A 
conditions typically are 1000 ng/ug mRNA at 37° C. Using 
conventional RNase digestion, the average siZe of double 
stranded cDNA molecules produced is about 200 bases. 
According to the present invention the average siZe of double 
stranded cDNA molecules produced is preferably greater 
than about 300 bases, greater than about 400 bases, greater 
than about 500 bases, greater than about 600 bases, greater 
than about 700 bases, greater than about 800 bases, greater 
than about 900 bases, greater than about 1 kilobase, greater 
than about 1.5 kilobases, and greater than about 2 kilobases. 
In one embodiment of the invention, the concentration of the 
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ribonuclease, the type of ribonuclease and reaction condi 
tions are optimiZed to improve double stranded cDNA syn 
thesis in accordance With the invention. Preferred ribonu 
cleases for use in ribonuclease digestions include 
ribonuclease A (RNase A) and/or ribonuclease I (RNase I). 
Generally, loWer temperatures (about 40 C. to about 50° C.) 
and higher salt concentrations (about 5 mM to about 5 M) Will 
assist in inhibiting or controlling RNase digestion in accor 
dance With the invention. Salts used may include sodium 
chloride, potassium, chloride, magnesium chloride, sodium 
acetate etc. Additionally, loWering RNase amounts or con 
centrations may be used to accomplish the desired result. 
Such concentrations for RNase A may range from about 
0.001 ng/ug mRNA to about 500 ng/ug of mRNA and for 
RNase I may range from about 0.001 u/ug mRNA to about 
500 u/ug mRNA. The incubation temperature, RNase con 
centration and salt concentration may be readily determined 
by one skilled in the art. In a preferred aspect, concentration 
of the RNase A include ranges from 0.1 ng/ug mRNA to 10 
ng/ug mRNA in TE buffer (10 mM Tris, pH 7.5, 1 mM EDTA) 
at 37° C. Alternatively, the concentration of the RNase A can 
include ranges from 0.1 ng/ug mRNA to 500 ng/ug mRNA in 
10 mM Tris, pH 7.5 buffer containing 250 mM NaCl at 25° C. 
for 30 minutes. Preferably, concentration of the RNase I used 
ranges from 0.1 unit/pg mRNA to 1.0 unit/pg mRNA in 10 
mM Tris-HCl (pH 7.5), 5 mM EDTA (pH 8.0), 200 mM 
sodium acetate at 37° C. Alternatively, the concentration of 
the RNase I can be used at ranges from 1.0 unit/pg mRNA to 
100 units/pg mRNA in the same buffer at 25° C. for 30 
minutes. 

[0016] In another aspect, the invention relates to capture or 
binding of the cap structure (e.g., m7GpppN) of the mRNA 
before, during or after ?rst strand cDNA synthesis. Thus, the 
invention relates to selection of mRNA (before ?rst strand 
synthesis) or mRNA/cDNA hybrids (after or during ?rst 
strand synthesis) Which have the cap structure in carrying out 
the methods of the invention. Such selection or capture may 
be accomplished With any cap binding molecule such as 
eIF4E, eIF4E peptides, eIF4E peptide fragments (see WO 
98/08865) and antibodies or antibody fragments speci?c for 
cap structure. In a preferred aspect, selection of the cap struc 
ture is accomplished after ?rst strand synthesis. More prefer 
ably, such cap capture occurs after ribonuclease digestion in 
accordance With the methods of the invention. For example, 
mRNA/cDNA hybrids subjected to ribonuclease digestion 
are captured and then used for second strand cDNA synthesis 
according to the invention. 

[0017] Thus, the present invention is generally directed to 
methods of synthesiZing nucleic acid molecules. The present 
invention is more speci?cally directed to methods of making 
one or more nucleic acid molecules, especially cDNA mol 
ecules or cDNA libraries, comprising mixing one or more 
nucleic acid templates (preferably mRNA, poly A RNA or a 
population of mRNA molecules) With at least one polypep 
tide having reverse transcriptase activity, and incubating the 
mixture under conditions su?icient to make one or more ?rst 

nucleic acid molecules (e.g., ?rst strand cDNA) complemen 
tary to all or a portion of the one or more nucleic acid tem 
plates In accordance With the invention, such conditions pro 
vide for an increased total amount of nucleic acid molecule 
(cDNA) produced, compared to conventional procedures 
Which do not employ the improved modi?cations or condi 
tions of the invention. The invention also provides for an 
increase of length or average siZe of the nucleic acid mol 
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ecules (cDNA) produced and/ or an increase in the percentage 
or amount of full-length nucleic acid molecules (cDNA) pro 
duced, compared to conventional procedures Which do not 
employ the improved modi?cations or conditions of the 
invention. Determining the amount, length and full-length 
content of the cDNA produced can be determined by conven 
tional techniques Well knoWn in the art and as described 
herein. The percentage or average percentages of full-length 
cDNA in cDNA libraries produced in accordance With the 
invention are preferably above about 15%, more preferably 
above about 20%, more preferably above about 25%, more 
preferably above about 30%, more preferably above about 
40%, more preferably above about 50%, more preferably 
above about 60%, more preferably above about 70%, more 
preferably above about 80% and most preferably above about 
90%. Such full-length percentages are preferably determined 
by random selection of a portion of the clones of the cDNA 
library of interest (e.g., 100 to 1000 clones), sequencing the 
clones and comparing the sequences to knoWn sequence data 
bases. 

[0018] In preferred aspects of the invention, the improved 
results of the invention are preferably accomplished by one or 
a combination of modi?cations to the conditions for nucleic 
acid or cDNA synthesis. Such conditions preferably include 
modi?cations for improving ?rst strand cDNA synthesis and/ 
or improving second strand cDNA synthesis. 
[0019] In a preferred aspect, the invention speci?cally 
relates to methods of making one or more double stranded 
cDNA molecules comprising incubating one or more mRNA 
molecules (preferably a population of mRNA molecules) 
With one or more primers of the invention at temperatures and 
primer concentrations to prevent, inhibit, reduce or substan 
tially reduce internal priming prior to or during ?rst strand 
cDNA synthesis. Such reaction is preferably conducted in the 
presence of one or more inhibitors of reverse transcriptase 
activity in accordance With the invention. Ribonuclease 
digestion is preferably conductedbefore second strand cDNA 
synthesis and at ribonuclease concentrations su?icient to 
increase the length, amount and/or siZe of double stranded 
cDNA molecules produced during second strand synthesis. In 
accordance With the invention, cap capture is preferably 
accomplished during or after the ribonuclease digestion. 
[0020] The invention is also directed to nucleic acid mol 
ecules and cDNA molecules or populations of cDNA mol 
ecules (single or double-stranded) produced according to the 
above-described methods and to vectors (particularly expres 
sion vectors) comprising these nucleic acid molecules and 
cDNA molecules. The invention also relates to host cells 
containing such cDNA molecules and/ or vectors. 

[0021] The invention is also directed to kits for use in the 
methods of the invention. Such kits can be used for making 
single or double-stranded nucleic acid molecules. The kits of 
the invention comprise a carrier, such as a box or carton, 
having therein one or more containers, such as vials, tubes, 
bottles and the like. Such kits may comprise at least one 
component selected from the group consisting of primers 
(preferably primers having higher speci?city and most pref 
erably oligo(dT) primers having a length equal to or greater 
than 20 bases), one or more polypeptides having reverse 
transcriptase activity (reverse transcriptases and DNA poly 
merases), one or more inhibitors of reverse transcription (e.g., 
antibodies and antibody fragments directed against polypep 
tides having RT activity), one or more cap binding molecules 
(e.g., antibodies or antibody fragments directed against cap 
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structure), nucleic acid synthesis reaction buffers, one or 
more nucleotides, one or more vectors, and instructions for 
carrying out the methods of the invention. 

[0022] The invention also relates to compositions for use in 
the invention or made While carrying out the methods of the 
invention. Such compositions may comprise at least one 
primer (e.g., oligo(dT) or derivatives thereof) and at least one 
template in a sample or reaction mixture in amounts or ratios 
in accordance With the invention. Such composition may 
further comprise one or more polypeptides having reverse 
transcriptase activity, one or more reverse transcription 
inhibitors (e. g., anti-RT antibodies or fragments thereof), one 
or more nucleotides, one or more cap binding molecules (e. g., 
anti-cap antibodies for fragments thereof), one or more buff 
ering salts and the like. Such compositions may also be main 
tained at a temperature to avoid internal priming in accor 
dance With the invention. 

[0023] The compositions of the invention may also com 
prise amounts of ribonuclease in accordance With the inven 
tion. Such compositions may further comprise at least one 
component selected from one or more mRNA/cDNA hybrids, 
one or more nucleotides, one or more polypeptides having 

reverse transcriptase activity, one or more buffering salts, one 
or more cap binding molecules (e.g., anti-cap antibodies or 
fragments thereof) and the like. 
[0024] The invention also relates to one or more antibodies 

(monoclonal and polyclonal) and fragments thereof for use in 
the methods, compositions and kits of the invention. Such 
antibodies, include anti-cap and/or anti-RT antibodies and 
antibody fragments. 
[0025] Other preferred embodiments of the present inven 
tion Will be apparent to one of ordinary skill in the art in vieW 
of the folloWing draWings and description of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is an autoradiograph of ?rst strand cDNA 
synthesiZed With SuperScriptTM II (SS II) RT at 45° C. With a 
5/ 6 Kb template With molar ratios of oligo(dT)25_3O/mRNA of 
1:1, 2.5:1, 5:1, 10:1, and 50:1. 
[0027] FIG. 2 is an autoradiograph of ?rst strand cDNA 
synthesiZed With ThermoScriptTM II (TS II) RT at 45° C., 50° 
C. and 55° C. With a 5/6 Kb template With molar ratios of 
oligo (dT)25_3O/mRNA of 1:1, 2.5:1, 5:1, 10:1, and 50:1. 
[0028] FIG. 3 is an autoradiograph of ?rst strand cDNA 
synthesiZed With SS II RT using standard reaction tempera 
tures and varying reaction temperatures With a molar ratio of 
biotinylated-Not I-oligo(dT)25/mRNA of 0: 1, 1:1 and 15:1. 
[0029] FIG. 4 is an autoradiograph of ?rst strand cDNA 
synthesiZed With TS II RT using standard reaction conditions 
in Which the primer/template annealing is incubated on ice 
prior to cDNA synthesis and using conditions according to 
the invention in Which annealing and the synthesis reaction 
temperatures are maintained above 30° C. (preferably above 
37° C.) With a molar ratio of biotinylated-Not I-oligo(dT)25/ 
mRNA of 1:1 and 15:1. Maintaining the annealing and reac 
tion temperatures above 30° C. (preferably above 37° C.) in 
accordance With the invention may also be referred to as “hot 
start.” 

[0030] FIG. 5 is an autoradiograph of second strand cDNA 
synthesiZed using different amounts of RNase A. 
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[0031] FIG. 6 is an autoradiograph of second strand cDNA 
synthesized using different amounts of RNase I. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

De?nitions: 

[0032] In order to provide a clearer and consistent under 
standing of the speci?cation and claims, including the scope 
to be given such terms, the following de?nitions are provided. 
[0033] Internal priming as used herein refers to hybridiza 
tion or annealing of one or more primers at one or more sites 

Within one or more mRNA molecules other than at the polyA 
tail located at the 3' termini of the mRNA molecule. 
[0034] Library as used herein refers to a set of nucleic acid 
molecules (circular or linear) Which is representative of all or 
a portion or signi?cant portion of the DNA content of an 
organism (a “genomic library”), or a set of nucleic acid mol 
ecules representative of all or a portion or signi?cant portion 
of the expressed genes (a “cDNA library”) in a cell, tissue, 
organ or organism. Such libraries may or may not be con 
tained in one or more vectors. 

[0035] Vector as used herein refers to a plasmid, cosmid, 
phagemid or phage DNA or other DNA molecule Which is 
able to replicate autonomously in a host cell, and Which is 
characterized by one or a small number of restriction endo 
nuclease recognition sites at Which such DNA sequences may 
be cut in a determinable fashion Without loss of an essential 
biological function of the vector, and into Which DNA may be 
inserted in order to bring about its replication and cloning. 
The vector may further contain one or more markers suitable 
for use in the identi?cation of cells transformed With the 
vector. Markers, for example, include but are not limited to 
tetracycline resistance or ampicillin resistance. Such vectors 
may also contain one or more recombination sites, one or 
more termination sites, one or more origins of replication, and 
the like. 
[0036] Primer as used herein refers to a single-stranded 
oligonucleotide that is extended by covalent bonding of 
nucleotide monomers during ampli?cation or polymerization 
of a DNA molecule. Preferred primers for use in the invention 
include oligo(dT) primers or derivatives or variants thereof. 
[0037] Oligonucleotide as used herein refers to a synthetic 
or natural molecule comprising a covalently linked sequence 
of nucleotides Which are joined by a phosphodiester bond 
betWeen the 3' position of the deoxyribose or ribose of one 
nucleotide and the 59 position of the deoxyribose or ribose of 
the adjacent nucleotide. 
[0038] Template as used herein refers to double-stranded or 
single- stranded nucleic acid molecules Which are to be ampli 
?ed, synthesized or sequenced. In the case of a double 
stranded molecules, denaturation of its strands to form a ?rst 
and a second strand is preferably performed before these 
molecules may be ampli?ed, synthesized or sequenced, or the 
double stranded molecule may be used directly as a template. 
For single stranded templates, a primer, complementary to a 
portion of the template is hybridized or annealed under appro 
priate conditions and one or more polymerases or reverse 
transcriptases may then synthesize a nucleic acid molecule 
complementary to all or a portion of said template. The neWly 
synthesized molecules, according to the invention, may be 
equal or shorter in length than the original template. 
[0039] Incorporating as used herein means becoming a part 
of a DNA and/or RNA molecule or primer. 
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[0040] Ampli?cation as used herein refers to any in vitro 
method for increasing the number of copies of a nucleotide 
sequence With the use of a polymerase. Nucleic acid ampli 
?cation results in the incorporation of nucleotides into a DNA 
and/or RNA molecule or primer thereby forming a neW mol 
ecule complementary to a template. The formed nucleic acid 
molecule and its template can be used as templates to synthe 
size additional nucleic acid molecules. As used herein, one 
ampli?cation reaction may consist of many rounds of repli 
cation. DNA ampli?cation reactions include, for example, 
polymerase chain reactions (PCR). One PCR reaction may 
consist of 5 to 100 “cycles” of denaturation and synthesis of 
a DNA molecule. 

[0041] Nucleotide as used herein refers to a base-sugar 
phosphate combination. Nucleotides are monomeric units of 
a nucleic acid sequence (DNA and RNA). The term nucle 
otide includes ribonucleoside triphosphate ATP, UTP, CTG, 
GTP and deoxyribonucleoside triphosphates such as dATP, 
dCTP, dITP, dUTP, dGTP, dTTP, or derivatives thereof. Such 
derivatives include, for example, [otS]dATP, 7-deaza-dGTP, 
7-deaza-dATP, and biotinylated or haptenylated nucleotides. 
The term nucleotide as used herein also refers to dideoxyri 
bonucleoside triphosphates (ddNTPs) and their derivatives. 
Illustrated examples of dideoxyribonucleoside triphosphates 
include, but are not limited to, ddATP, ddCTP, ddGTP, ddITP, 
and ddTTP. According to the present invention, a “nucle 
otide” may be unlabeled or detectably labeled by Well knoWn 
techniques. Detectable labels include, for example, radioac 
tive isotopes, ?uorescent labels, chemiluminescent labels, 
bioluminescent labels and enzyme labels. 

[0042] Hybridization or annealing as used herein refers to 
base pairing of tWo complementary single-stranded nucleic 
acid molecules (RNA and/ or DNA) to give a double-stranded 
molecule. As used herein, tWo nucleic acid molecules may be 
hybridized or annealed, although the base pairing is not com 
pletely complementary. Accordingly, mismatched bases do 
not prevent hybridization or annealing of tWo nucleic acid 
molecules provided that appropriate conditions, Well knoWn 
in the art, are used. In the present invention, the term hybrid 
ization or annealing preferably refers to hybridization of one 
or more primers (e. g., oligo(dT) or derivatives thereof) to one 
or more templates (e.g., mRNA). 
[0043] Host cell as used herein refers to any prokaryotic or 
eukaryotic cell that is the recipient of a replicable expression 
vector or cloning vector. The terms “host” or “host cell” may 
be used interchangeably herein. For examples of such hosts, 
see Maniatis et al., “Molecular Cloning: A Laboratory 
Manual,” Cold Spring Harbor Laboratory, Cold Spring Har 
bor, NY. (1982). Preferred prokaryotic hosts include, but are 
not limited to, bacteria of the genus Escherichia (e. g., E. coli), 
Bacillus, Staphylococcus, Agrobacler (e.g., A. Zumefaciens), 
Slreplomyces, Pseudomonas, Salmonella, Serralia, 
Caryophanon, etc. The most preferred prokaryotic host is E. 
coli. Bacterial hosts of particular interest in the present inven 
tion include E. coli strains K12, DH10B, DH50t, Stb12 and 
HB101, and others available from Life Technologies, Inc. 
Preferred eukaryotic hosts include, but are not limited to, 
fungi, ?sh cells, yeast cells, plant cells and animal cells. 
Particularly preferred animal cells are insect cells such as 
Drosophila cells, Spodoplera Sf9, Sf21 cells and T richoplusa 
High-Five cells; nematode cells such as C. elegans cells; and 
mammalian cells such as COS cells, CHO cells, VERO cells, 
293 cells, PERC6 cells, BHK cells and human cells. 



US 2011/0151521A1 

[0044] Expression vector as used herein refers to a vector 
Which is capable of enhancing the expression of a gene or 
portion of a gene Which has been cloned into it, after trans 
formation or transfection into a host cell. The cloned gene is 
usually placed under the control (i.e., operably linked to) 
certain control sequences such as promoter sequences. Such 
promoters include but are not limited to phage lambda PL 
promoter, and the E. coli lac, trp and tac promoters. Other 
suitable promoters Will be knoWn to the skilled artisan. 
[0045] The nucleic acid templates suitable for reverse tran 
scription according to the invention include any nucleic acid 
molecule or populations of nucleic acid molecules (prefer 
ably one or more RNA molecules (e.g., one or more mRNA 

molecules or poly A+ RNA molecules, and more preferably a 
population of mRNA molecules) or one or more DNA mol 
ecules), particularly those derived from a cell or tissue. In a 
preferred aspect, a population of mRNA molecules (a number 
of different mRNA molecules) are used to make a cDNA 
library according to the present invention. 
[0046] To make the nucleic acid molecule or molecules 
complementary to the one or more templates, a primer (e.g., 
an oligo(dT) primer) and one or more nucleotides are used for 
nucleic acid synthesis typically in the 3' to 5' direction. 
Nucleic acid molecules suitable for reverse transcription 
according to this aspect of the invention include any nucleic 
acid molecule, particularly those derived from a prokaryotic 
or eukaryotic cell. Such cells may include normal cells, dis 
eased cells, transformed cells, established cells, progenitor 
cells, precursor cells, fetal cells, embryonic cells, bacterial 
cells, yeast cells, animal cells (including human cells), avian 
cells, plant cells and the like, or tissue isolated from a plant 
(e.g., corn, tomato, tobacco, potato, soy bean, etc.) or an 
animal (e. g., human, coW, pig, mouse, sheep, horse, monkey, 
canine, feline, rat, rabbit, bird, ?sh, insect, etc.). Such nucleic 
acid molecules may also be isolated from viruses. 
[0047] The nucleic acid molecules that are used as tem 
plates to prepare cDNA molecules according to the methods 
of the present invention are preferably obtained from natural 
sources, such as a variety of cells, tissues, organs or organ 
isms. Cells that may be used as sources of nucleic acid mol 
ecules may be prokaryotic (bacterial cells, including but not 
limited to those of species of the genera Escherichia, Bacil 
lus, Serratia, Salmonella, Staphylococcus, Streptococcus, 
Clostridium, Chlamydia, Neisseria, Treponema, Myco 
plasma, Borrelia, Legionella, Pseudomonas, Mycobacte 
rium, Helicobacter, Erwinia, Agrobacterium, Rhizobium, 
Xanthomonas and Streptomyces) or eukaryotic (including 
fungi (especially yeasts), plants, protoZoans and other para 
sites, and animals including insects (particularly Drosophila 
spp. cells), nematodes (particularly Caenorhabditis elegans 
cells), and mammals (particularly human cells)). 
[0048] Mammalian somatic cells that may be used as 
sources of nucleic acids include blood cells (reticulocytes and 
leukocytes), endothelial cells, epithelial cells, neuronal cells 
(from the central or peripheral nervous systems), muscle cells 
(including myocytes and myoblasts from skeletal, smooth or 
cardiac muscle), connective tissue cells (including ?bro 
blasts, adipocytes, chondrocytes, chondroblasts, osteocytes 
and osteoblasts) and other stromal cells (e.g., macrophages, 
dendritic cells, SchWann cells). Mammalian germ cells (sper 
matocytes and oocytes) may also be used as sources of 
nucleic acids for use in the invention, as may the progenitors, 
precursors and stem cells that give rise to the above somatic 
and germ cells. Also suitable for use as nucleic acid sources 
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are mammalian tissues or organs such as those derived from 

brain, kidney, liver, pancreas, blood, bone marroW, muscle, 
nervous, skin, genitourinary, circulatory, lymphoid, gas 
trointestinal and connective tissue sources, as Well as those 
derived from a mammalian (including human) embryo or 
fetus. 

[0049] Any of the above cells, tissues and organs may be 
normal, diseased, transformed, established, progenitors, pre 
cursors, fetal or embryonic. Diseased cells may, for example, 
include those involved in infectious diseases (caused by bac 
teria, fungi or yeast, viruses (including AIDS, HIV, HTLV, 
herpes, hepatitis and the like) or parasites), in genetic or 
biochemical pathologies (e.g., cystic ?brosis, hemophilia, 
AlZheimer’s disease, muscular dystrophy or multiple sclero 
sis) or in cancerous processes. Transformed or established 
animal cell lines may include, for example, COS cells, CHO 
cells, VERO cells, BHK cells, HeLa cells, HepG2 cells, K5 62 
cells, 293 cells, L929 cells, F9 cells, and the like. Other cells, 
cell lines, tissues, organs and organisms suitable as sources of 
nucleic acids for use in the present invention Will be apparent 
to one of ordinary skill in the art. 

[0050] Once the starting cells, tissues, organs or other 
samples are obtained, nucleic acid molecules (such as 
mRNA) may be isolated therefrom by methods that are Well 
knoWn in the art (See, e.g., Maniatis, T., et al., Cell 15:687 
701 (1978); Okayama, H., and Berg, P., Mol. Cell. Biol. 
2:161-170 (1982); Gubler, U., and Hoffman, B. 1., Gene 
25:263-269 (1983); and Message MakerTM mRNA Isolation 
System available from Life Technologies, Inc.). The nucleic 
acid molecules thus isolated may then be used to prepare 
cDNA molecules and cDNA libraries in accordance With the 
present invention. The cDNA molecules and/or cDNA librar 
ies produced in accordance With the invention are preferably 
contained in one or more vectors. Such vectors may be intro 
duced into one or more host cells by standard transformation 
or transfection techniques Well knoWn in the art. Preferred 
host cells include prokaryotic host cells such as cells of the 
genus Escherichia, particularly E. coli. 
[0051] Enzymes for use in the compositions, methods and 
kits of the invention include any enZyme having reverse tran 
scriptase activity. Such enZymes include, but are not limited 
to, retroviral reverse transcriptase, retrotransposon reverse 
transcriptase, hepatitis B reverse transcriptase, cauli?ower 
mosaic virus reverse transcriptase, bacterial reverse tran 
scriptase, Tth DNApolymerase, Tag DNApolymerase (Saiki, 
R. K., et al., Science 239:487-491 (1988); US. Pat. Nos. 
4,889,818 and 4,965,188), Tne DNA polymerase (WO 
96/10640), Tma DNA polymerase (US. Pat. No. 5,374,553) 
and mutants, fragments, variants or derivatives thereof (see, 
e.g., commonly oWned, co-pending US. patent application 
Ser. Nos. 08/706,702 and 08/706,706, both ?led Sep. 9, 1996, 
Which are incorporated by reference herein in their entireties). 
As Will be understood by one of ordinary skill in the art, 
modi?ed reverse transcriptases and DNA polymerase having 
RT activity may be obtained by recombinant or genetic engi 
neering techniques that are Well-knoWn in the art. Mutant 
reverse transcriptases or polymerases can, for example, be 
obtained by mutating the gene or genes encoding the reverse 
transcriptase or polymerase of interest by site-directed or 
random mutagenesis. Such mutations may include point 
mutations, deletion mutations and insertional mutations. 
Preferably, one or more point mutations (e.g., substitution of 
one or more amino acids With one or more different amino 

acids) are used to construct mutant reverse transcriptases or 
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polymerases for use in the invention. Fragments of reverse 
transcriptases or polymerases may also be obtained by dele 
tion mutation by recombinant techniques that are Well-knoWn 
in the art, or by enzymatic digestion of the reverse tran 
scriptase(s) or polymerase(s) of interest using any of a num 
ber of Well-knoWn proteolytic enZymes. 
[0052] Preferred enZymes for use in the invention include 
those that are reduced or substantially reduced in RNase H 
activity. Such enZymes that are reduced or substantially 
reduced in RNase H activity may be obtained by mutating the 
RNase H domain Within the reverse transcriptase of interest, 
preferably by one or more point mutations, one or more 
deletion mutations, and/or one or more insertion mutations as 
described above. By an enZyme “substantially reduced in 
RNase H activity” is meant that the enZyme has less than 
about 30%, less than about 25%, less than about 20%, more 
preferably less than about 15%, less than about 10%, less than 
about 7.5%, or less than about 5%, and most preferably less 
than about 5% or less than about 2%, of the RNase H activity 
of the corresponding Wildtype or RNase H+ enZyme such as 
Wildtype Moloney Murine Leukemia Virus (M-MLV), Avian 
Myeloblastosis Virus (AMV) or Rous Sarcoma Virus (RSV) 
reverse transcriptases. The RNase H activity of any enZyme 
may be determined by a variety of assays, such as those 
described, for example, in US. Pat. No. 5,244,797, in 
KoteWicZ, M. L., et al., Nucl. Acids Res. 16:265 (1988), in 
Gerard, G. F., et al., FOCUS 14(5):91 (1992), andinU.S. Pat. 
No. 5,668,005, the disclosures of all of Which are fully incor 
porated herein by reference. 
[0053] Polypeptides having reverse transcriptase activity 
for use in the invention may be obtained commercially, for 
example from Life Technologies, Inc. (Rockville, Md.), Phar 
macia (PiscataWay, N.J.), Sigma (Saint Louis, Mo.) or Boe 
hringer Mannheim Biochemicals (Indianapolis, Ind.). Alter 
natively, polypeptides having reverse transcriptase activity 
may be isolated from their natural viral or bacterial sources 
according to standard procedures for isolating and purifying 
natural proteins that are Well-knoWn to one of ordinary skill in 
the art (see, e.g., Houts, G. E., et al., J. Vli’Ol. 29:517 (1979)). 
In addition, the polypeptides having reverse transcriptase 
activity may be prepared by recombinant DNA techniques 
that are familiar to one of ordinary skill in the art (see, e.g., 
KoteWicZ, M. L., et al., Nucl. Acids Res. 16:265 (1988); Soltis, 
D.A., and Skalka,A. M., Proc. Natl. Acad. Sci. USA 85:3372 
3376 (1988)). 
[0054] Preferred polypeptides having reverse transcriptase 
activity for use in the invention include M-MLV reverse tran 
scriptase, RSV reverse transcriptase, AMV reverse tran 
scriptase, RousAssociatedVirus (RAV) reverse transcriptase, 
Myeloblastosis Associated Virus (MAV) reverse tran 
scriptase and Human Immunode?ciency Virus (HIV) reverse 
transcriptase, and others described in W0 98/ 47921 and 
derivatives, variants, fragments or mutants thereof, and com 
binations thereof In a further preferred embodiment, the 
reverse transcriptases are reduced or substantially reduced in 
RNase H activity, and are most preferably selected from the 
group consisting of M-MLV H' reverse transcriptase, RSV 
H- reverse transcriptase, AMV H- reverse transcriptase, RAV 
H' reverse transcriptase, MAV H' reverse transcriptase and 
HIV H- reverse transcriptase, and derivatives, variants, frag 
ments or mutants thereof, and combinations thereof. Reverse 
transcriptases of particular interest include AMV RT and 
M-MLV RT, and more preferably AMV RT and M-MLV RT 
having reduced or substantially reduced RNase H activity 
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(preferably AMV RT (XH_/BH+ and M-MLV RT H“). The 
mo st preferred reverse transcriptases for use in the invention 
include SuperScriptTM, SuperScriptTM II, ThermoScriptTM 
and Ther'moScriptTM II available from Life Technologies, Inc. 
See generally, WO 98/47921, US. Pat. Nos. 5,244,797 and 
5,668,005, the entire contents of each of Which are herein 
incorporated by reference. 
[0055] A variety of DNA polymerases are useful in accor 
dance With the present invention. Such polymerases include, 
but are not limited to, T hermus lhermophilus (Tth) DNA 
polymerase, T hermus aqualicus (Taq) DNA polymerase, 
T hermologa neapolilana (Tne) DNA polymerase, T hermo 
Zoga marilima (Tma) DNA polymerase, Thermococcus lilo 
ralis (Tli orVENTTM) DNA polymerase, Pyrococcusfuriosis 
(Pfu) DNA polymerase, DEEPVENTTM DNA polymerase, 
Pyrococcus w00sii (PWo) DNA polymerase, Bacillus stero 
Zhermophilus (Bst) DNA polymerase, Bacillus caldophilus 
(Bca) DNA polymerase, Sulfolobus acidocaldarius (Sac) 
DNA polymerase, T hermoplasma acidophilum (Tac) DNA 
polymerase, Thermus ?avus (T?/Tub) DNA polymerase, 
T hermus ruber (Tru) DNA polymerase, T hermus brockianus 
(DYNAZYMETM) DNA polymerase, Melhanobaclerium 
lhermoaulolrophicum (Mth) DNA polymerase, Mycobacle 
rium spp. DNA polymerase (Mtb, Mlep), and mutants, vari 
ants and derivatives thereof. 

[0056] DNA polymerases used in accordance With the 
invention may be any enZyme that can synthesiZe a DNA 
molecule from a nucleic acid template, typically in the 5' to 3' 
direction. Such polymerases may be mesophilic or thermo 
philic. Mesophilic polymerases include T4 DNA polymerase, 
T5 DNA polymerase, T7 DNApolymerase, KlenoW fragment 
DNA polymerase, DNA polymerase III, DNA polymerase I 
and the like. Thermostable DNA polymerases include Taq, 
Tne, Tma, Pfu, VENTTM, DEEPVENTTM, Tth and mutants, 
variants and derivatives thereof (U .S. Pat. No. 5,436,149; 
US. Pat. No. 5,512,462; WO 92/06188; WO 92/06200; WO 
96/10640; Barnes, W. M., Gene 112:29-35 (1992); LaWyer, F. 
C., et al., PCR Melh. Appl. 2:275-287 (1993); Flaman, J.-M., 
et al., Nucl. Acids Res. 22(15):3259-3260 (1994)). 
[0057] DNA polymerases for use in the invention may be 
obtained commercially, for example from Life Technologies, 
Inc. (Rockville, Md.), Perkin-Elmer (Branchburg, N.J.), NeW 
England BioLabs (Beverly, Mass.) or Boehringer Mannheim 
Biochemicals (Indianapolis, Ind.). 
[0058] The present invention is also directed to nucleic acid 
molecules produced by the methods of the invention, Which 
may be cDNA molecules, especially full-length cDNA mol 
ecules, to vectors (particularly expression vectors) compris 
ing these nucleic acid molecules and cDNA molecules and to 
host cells comprising these nucleic acid molecules, cDNA 
molecules, and/ or vectors. 

[0059] Recombinant vectors may be produced according to 
this aspect of the invention by inserting, using methods that 
are Well-knoWn in the art, one or more of the cDNA molecules 
or nucleic acid molecules prepared according to the present 
methods into one or more vectors. The vector used in this 
aspect of the invention may be, for example, a phage or a 
plasmid vector, and is preferably a plasmid. Preferred are 
vectors comprising cis-acting control regions to the nucleic 
acid encoding the polypeptide of interest. Appropriate trans 
acting factors may be supplied by the host, supplied by a 
complementing vector or supplied by the vector itself upon 
introduction into the host. 



US 2011/0151521A1 

[0060] Expression vectors useful in the present invention 
include chromosomal-, episomal- and virus-derived vectors, 
e.g., vectors derived from bacterial plasmids or bacterioph 
ages, and vectors derived from combinations thereof, such as 
cosmids and phagemids, and Will preferably include at least 
one selectable marker such as a tetracycline or ampicillin 
resistance gene for culturing in a bacterial host cell. Prior to 
insertion into such an expression vector, the cDNA or nucleic 
acid molecules of the invention should be operatively linked 
to an appropriate promoter. 
[0061] Among vectors preferred for use in the present 
invention include pQE70, pQE60 and pQE-9, available from 
Qiagen; pBS vectors, Phagescript vectors, Bluescript vectors, 
pNH8A, pNH16a, pNH18A, pNH46A, available from Strat 
agene; pcDNA3 available from Invitrogen; pGEX, pTrxfus, 
pTrc99a, pET-5, pET-9, pKK223-3, pKK233-3, pDR540, 
pRIT5 available from Pharmacia; and pSPORTl, pSPORT2, 
pSV-SPORTl, pCMVSPORT6 and pCMVSPORT available 
from Life Technologies, Inc. Other suitable vectors Will be 
readily apparent to the skilled artisan. 
[0062] The invention may be used in conjunction With any 
methods of cDNA synthesis that are Well-knoWn in the art 
(see, e.g., Gubler, U., and Hoffman, B. 1., Gene 25:263-269 
(1983); Krug, M. S., and Berger, S. L., Meth. Enzymol. 152: 
316-325 (1987); Sambrook, 1., et al., Molecular Cloning: A 
Laboratory Manual, 2'” ed., Cold Spring Harbor, N.Y.: Cold 
Spring Harbor Laboratory Press, pp. 860-863 (1989); PCT 
US98/19948; and WO 98/51699) to produce cDNA mol 
ecules or libraries. Other methods of cDNA synthesis Which 
may advantageously use the present invention Will be readily 
apparent to one of ordinary skill in the art. 

[0063] Having obtained cDNA molecules or libraries 
according to the present methods, these cDNAs may be iso 
lated for further analysis or manipulation. Detailed method 
ologies for puri?cation of cDNAs are taught in the GEN 
ETRAPPERTM manual (Life Technologies), Which is 
incorporated herein by reference in its entirety, although 
alternative standard techniques that are knoWn in the art (see, 
e.g., Sambrook, 1., et al., Molecular Cloning: A Laboratory 
Manual, 2'” ed., Cold Spring Harbor, N.Y.: Cold Spring Har 
bor Laboratory Press, pp. 8.60-8.63 (1989)) may also be used. 
The cDNA molecules or libraries produced by the invention 
may also be further manipulated by standard molecular biol 
ogy techniques such as tWo hybrid analysis, cDNA normal 
iZation, sequencing and ampli?cation. More particularly, the 
methods of the invention and the cDNA molecules or libraries 
produced by such methods may be used in combination With 
RT-PCR and 5' RACE technology (Life Technologies, Inc.) 
and differential display. 
[0064] A variety of inhibitors and binding molecules are 
suitable for use in the present methods. Included among these 
inhibitors or binding molecules are antibodies that bind to the 
above-described polypeptides having reverse transcriptase 
activity (such as anti-RT antibodies including anti-AMV RT 
antibodies, anti-M-MLV RT antibodies or anti-RSV RT anti 
bodies) or to cap structure (e.g., anti-cap antibodies), and 
fragments thereof (such as Fab or F(ab')2 fragments). Such 
antibodies may be polyclonal or monoclonal, and may be 
prepared in a variety of species according to methods that are 
Well-knoWn in the art. See, for instance, Sutcliffe, 1. G., et al., 
Science 219:660-666 (1983); Wilson et al., Cell 37: 767 
(1984); and Bittle, F. 1., et al., J Gen. Wrol. 66:2347-2354 
(1985). Antibodies speci?c for any of the above-described 
reverse transcriptases or cap structures can be raised against 
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the intact polymerase polypeptide or cap structures or one or 
more fragments thereof. These polypeptides or cap structures 
or fragments thereof may be presented together With a carrier 
protein (e.g., albumin) to an animal system (such as rabbit or 
mouse) or, if they are long enough (at least about 25 amino 
acids), Without a carrier. 
[0065] As used herein, the term “antibody” (Ab) may be 
used interchangeably With the terms “polyclonal antibody” or 
“monoclonal antibody” (mAb), except in speci?c contexts as 
described beloW. These terms, as used herein, are meant to 
include intact molecules as Well as antibody fragments (such 
as, for example, Fab and F(ab')2 fragments) Which are capable 
of speci?cally binding to a polypeptide having reverse tran 
scriptase activity (such as a DNA polymerase or a reverse 
transcriptase) or cap structures or portions thereof. 
[0066] The antibodies used in the methods of the present 
invention may be polyclonal or monoclonal, and may be 
prepared by any of a variety of methods (see, e.g., US. Pat. 
No. 5,587,287). For example, polyclonal antibodies may be 
made by immunizing an animal With one or more polypep 
tides having reverse transcriptase activity or cap structures or 
portions thereof according to standard techniques (see, e.g., 
HarloW, E., and Lane, D., Antibodies: A Laboratory Manual, 
Cold Spring Harbor, N.Y.: Cold Spring Harbor Laboratory 
Press (1988); Kaufman, P. B., et al., In: Handbook ofMolecu 
lar and Cellular Methods in Biology and Medicine, Boca 
Raton, Fla.: CRC Press, pp. 468-469 (1995)). Alternatively, 
monoclonal antibodies (or fragments thereof) to be used in 
the present methods may be prepared using hybridoma tech 
nology that is Well-knoWn in the art (Kohler et al., Nature 
256:495 (1975); Kohler et al., Eur. J. Immunol. 6:511 (1976); 
Kohler et al., Eur. J. Immunol. 6:292 (1976); Hammerling et 
al., In: MonoclonalAntibodies and T-Cell Hybridomas, NeW 
York: Elsevier, pp. 563-681 (1981); Kaufman, P. B., et al., In: 
Handbook ofMolecular and Cellular Methods in Biology and 
Medicine, Boca Raton, Fla.: CRC Press, pp. 444-467 (1995)). 
[0067] It Will be appreciated that Fab, F(ab')2 and other 
fragments of the above-described antibodies may be used in 
the methods described herein. Such fragments are typically 
produced by proteolytic cleavage, using enZymes such as 
papain (to produce Fab fragments) or pepsin (to produce 
F(ab')2 fragments). Antibody fragments may also be pro 
duced through the application of recombinant DNA technol 
ogy or through synthetic chemistry. 
[0068] The invention also provides kits for use in accor 
dance With the invention. Such kits comprise a carrier means, 
such as a box or carton, having in close con?nement therein 
one or more container means, such as vials, tubes, bottles and 
the like, Wherein the kit may comprise (in the same or separate 
containers) one or more host cells, one or more reverse tran 

scriptases, one or more reverse transcription inhibitors, one or 
more cap binding molecules, one or more DNA polymerases, 
suitable buffers, one or more nucleotides and/or one or more 

primers (e.g., oligo(dT) for reverse transcription). The kits 
encompassed by this aspect of the present invention may 
further comprise additional reagents and compounds neces 
sary for carrying out standard nucleic acid reverse transcrip 
tion protocols. 
[0069] It Will be readily apparent to one of ordinary skill in 
the relevant art that other suitable modi?cations and adapta 
tions to the methods and applications described herein are 
obvious and may be made Without departing from the scope 
of the invention or any embodiment thereof Having noW 
described the present invention in detail, the same Will be 
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more clearly understood by reference to the following 
examples, Which are included herewith for purposes of illus 
tration only and are not intended to be limiting of the inven 
tion. 

EXAMPLES 

Example 1 

Comparison of First Strand cDNA Synthesis With 
Varying Ratios of Oligo (dT) Printer/mRNA 

[0070] This example compares ?rst strand cDNA synthesis 
of the MAP4 gene With various ratios of oligo dT primer/ 
starting mRNA. All components are available from Life Tech 
nologies, lnc., Rockville, Md., unless speci?ed otherwise. 
[0071] The master mix for Superscript II reverse tran 
scriptase (SS 11 RT) Was prepared as speci?ed in Table 1 
beloW. 

TABLE 1 

Component pl p1 

5X SSH RT buffer 4 28 
0.1M DTT 2 14 
10 mM dNTP 1 7 
(1-321’ dCTP 0.5 3.5 
Water 1.5 10.5 

Total volume 9 63 

[0072] The master mix for ThermoScriptTM 11 RT (TS RT) 
(AMV RT otH_[3H+) (see WO 98/47921) Was prepared as 
speci?ed in Table 2 beloW. 

TABLE 2 

Component pl p1 

10X TS II bu?°er* 2 38 
0.1M DTT 2 3 8 
10 mM dNTP 2 38 
(1-321’ dCTP 0.5 9.5 
Rnase OUT (40 u/pl) 1 19 
Water 1.5 28.5 

Total volume 9 171 

*10X TS H buffer comprises 50 mM Tris-HCl (pH 8.4), 750 mM KCl, and 75 mM MgCl2. 

[0073] The master annealing mix Was prepared by adding a 
5 Kb MAP4 mRNA, oligo(dT)25_3O and Water to 5 tubes in the 
amounts speci?ed in Table 3 beloW. 

TABLE 3 

Ratio ofoligo (dT)/mRNA 1:1 2.5:1 5:1 10:1 50:1 
Component Volume (pl) 

MAP4 mRNA (1 pg/pl) 5 5 5 5 5 
O1igo(dT)25r3O (10 ngpl) 2.6 6.5 13.1 i i 

Oligo(dT)25,3O (100 ng/pl) i i i 2.6 13.1 

Water 42.4 38.5 31.9 42.4 31.9 

Total volume 50 50 50 50 50 

[0074] The mixture Was heated at 70° C. for 10 minutes and 
then chilled on ice for 5 minutes. 
[0075] Synthesis of ?rst strand cDNA Was done by adding 
9 pl of the appropriate reverse transcriptase master mix, 10 pl 
of the master annealing mix and 1 pl of either SS 11 RT (200 
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units/ul) or TS 11 RT (15 units/ul) for a total volume of 20 pl 
as summarized in Table 4 beloW. 

TABLE 4 

Reverse Temper- Ratio of oligo 
Tube Transcriptase ature (dT)25,3O/mRNA 

1 SS 11 45° C. 1 
2 2.5 
3 5 
4 10 
5 50 
1 TS 11 RT 45° C. 1 
2 2.5 
3 5 
4 10 
5 50 
6 50° C. 1 
7 2.5 
8 5 
9 10 

10 50 
11 55° C 1 
12 2.5 
13 5 
14 10 
15 50 

[0076] The reactions Were incubated for 1 hour at 45° C. for 
SS 11 RT and at 45, 50 or 55° C. for TS 11 RT. The tubes Were 
placed on ice to complete the reaction. 18 pl ?rst stand cDNA 
of the reaction tube Was precipitated and re-suspended in 10 
pl of Water. 5 pl of the ?rst strand cDNA Was mixed With 5 pl 
of standard loading buffer (60 mM NaOH, 4 mM EDTA, 
0.1% bromophenol blue), and loaded onto 1.4% alkaline 
agarose gel for analysis. These results are shoWn in FIGS. 1 
and 2. 
[0077] FIG. 1 is an autoradiograph of ?rst strand cDNA 
synthesiZed With SS 11 RT at 45° C. Lane M is the 1 kb DNA 
ladder. Lanes 1-5 represents reaction conditions With a molar 
ratio of oligo(dT)25_3O/mRNA of 1:1, 2.5:1, 5:1, 10:1 and 
50: 1, respectively. FIG. 2 is an autoradiograph of ?rst strand 
cDNA synthesiZed With TS 11 RT. Lane M is the 1 kb DNA 
ladder. Lanes 1-5 represent reaction conditions at 45° C. With 
a molar ratio ofoligo(dT)25_3O/mRNA of 1 :1, 2.5:1, 5: 1, 10:1 
and 50:1, respectively. Lanes 6-10 represent reaction condi 
tions at 50° C. With a molar ratio of oligo (dT)25_3O/mRNA of 
1:1, 2.5:1, 5:1, 10:1 and 50:1, respectively. Lanes 11-15 rep 
resent reaction conditions at 55° C. With a molar ratio of oligo 
(dT)25_3O/mRNA of 1:1, 2.5: 1, 5:1, 10:1 and 50:1, respec 
tively. The results shoW that by reducing the molar ratio of 
oligo(dT) primer/mRNA (preferably to 1:1) internal priming 
With reverse transcriptase Was almost entirely eliminated. 

Example 2 

Comparison of First Strand cDNA Synthesis Under 
Standard and Hot Start Conditions 

[0078] This experiment Was designed to compare ?rst 
strand cDNA synthesis of the MAP4 gene With standard 
reaction and hot start conditions. 
[0079] The annealing mix Was prepared by mixing 1 pg of 
MAP4 mRNA and biotinylated Not I oligo(dT)25 primer ((Bi 
otin)4 GACTAGTTCTAGAT CGCGAGCGG CCGC 
CCTTTTT TTTTTTTTTTTT TTTTTTTT; see W0 
98/ 51699) in the desired molar ratio of oligo (dT)/mRNA of 
0:1, 1:1 or 15:1 in thin-Walled PCR tubes and bringing the 
volume up to 10 pl With Water. If several tubes are identical, 
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they may be made in one batch and aliquotted accordingly. 
The annealing mix Was kept on ice. 
[0080] The master mix for Superscript II reverse tran 
scriptase (SS 11 RT) Was prepared as speci?ed in Table 5 
below. 

TABLE 5 

Component [11 [11 

5X SSII RT buffer 4 28 
0.1M DTT 2 14 
10 mM dNTP 1 7 
(1-321’ dCTP 0.5 3.5 
SSII RT (200 u/[11) 1 7 
Water 1.5 10.5 

Total volume 10 70 

[0081] The SS 11 RT master mix Was then divided into tWo 
equal aliquots, one for processing With standard reaction tem 
peratures (batch 1) and one for processing With hot start 
reaction temperatures (batch 2). To alloW for condensation, 
an additional 10% volume of Water Was added to batch 2. All 
mixes Were kept on ice. 
[0082] Synthesis of ?rst strand cDNA Was begun by brie?y 
spinning tubes containing annealing mix to collect droplets, 
placing the tubes in a thermocycler and then heating them to 
70° C. for 10 minutes. After this 10 minute cycle at 700 C., the 
tubes of annealing mix forbatch 1 Were immediately removed 
to ice. The tubes of annealing mix for batch 2 were allowed to 
cool to 45° C. in the thermocycler While the batch 2 master 
mix Was placed in the thermocycler and incubated at 450 C. 
for 5 minutes. After the 5 minute incubation, 11 [1.1 of the 
master mix for batch 2 Was added to each batch 2 annealing 
tube and mixed With a pipette 2 times. Care Was taken not to 
spin the tubes to avoid lowering the temperature. 
[0083] 10 [1.1 of the master mix forbatch 1 Was added to each 
batch 1 annealing tube. The batch 1 tubes Were lightly vor 
texed and brie?y centrifuged to collect condensation droplets. 
The batch 1 tubes Were then returned to the thermocylcer and 
the tubes from both batch 1 and 2 Were incubated at 450 C. for 
one hour. 

[0084] 5 [1.1 of the ?rst strand cDNA from each tube Was 
mixed With 5 [1.1 of standard loading buffer (60 mM NaOH, 4 
mM EDTA, 0.1% bromophenol blue) and loaded onto 1.4% 
alkaline agarose gel for analysis. The results are shoWn in 
FIG. 3. 
[0085] FIG. 3 is an autoradiograph of ?rst strand cDNA 
synthesiZed With SS 11 RT. Lanes 1, 3 and 5 represents batch 
1 reaction conditions With a molar ratio of biotinylated oligo 
(dT)/mRNA of 0: 1, 1:1 and 15: 1, respectively. Lanes 2, 4 and 
6 represents batch 2 reaction conditions With a molar ratio of 
biotinylated oligo(dT)/mRNA of 0:1, 1:1 and 15:1, respec 
tively. 
[0086] First strand cDNA Was also synthesiZed With TS 11 
RT using 15 units of TS 11 RT per [1.g mRNA using a biotiny 
lated oligo(dT)/mRNA ratio of 1:1 and 15:1. The same pro 
tocol described above was followed, except that the tempera 
ture Was varied to 500 C. The results are shoWn in FIG. 4. FIG. 
4 is an autoradiograph of ?rst strand cDNA synthesiZed With 
TS 11 RT. Lane M is the 1 kb DNA ladder. Lanes 1 and 3 
represent reactions conditions using standard reaction tem 
peratures at a 1:1 ratio and 15:1 ratio, respectively. Lanes 2 
and 4 represent hot start reactions conditions at a 1 :1 ratio and 
15:1 ratio, respectively, as described above. 
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[0087] The results indicated that by dropping the reaction 
temperature to the reverse transcriptase reaction temperature 
after denaturation of the primer and mRNA mixture, the 
reaction Was started directly and internal priming Was 
avoided entirely. 

Example 3 

Synthesis of Double Strand cDNA by Controlling 
the Reaction Temperature and the Concentration of 

Salt and RNase 

[0088] This example describes the synthesis of double 
stranded cDNA by controlling the reaction temperature and 
the concentration of salt and different ribonuclease (RNases) 
during the treatment of the cDNA/mRNA hybrids after ?rst 
strand cDNA synthesis. 
[0089] First strand cDNA Was synthesiZed as described 
above in Example 2 and digested With either RNase 1 or 
RNase A as further described below. 

[0090] RNase 1 digestion of ?rst strand cDNA Was done by 
re-suspending the ?rst strand cDNA in 180 [1.1 of Water and 20 
[1.1 of 10x RNase 1 buffer (100 mM Tris-HCl (pH 7.5), 50 mM 
EDTA, 2 M sodium acetate). 2.5 units of RNase 1 (1 unit/[1.g 
mRNA) Were added and the mixture Was mixed Well. The 
RNase 1 digestion mixture Was incubated at 250 C. for 30 
minutes and extracted With phenol/chloroform once. The 
supernatant Was precipitated With 1 [1.1 of glycogen, 100 [1.1 of 
ammonium acetate and 800 [1.1 of ethanol. 
[0091] RNaseA digestion of ?rst strand cDNA Was done by 
re-suspending the ?rst strand cDNA in 200 [1.1 of digestion 
buffer (10 mM Tris-HCl (pH 7.5), 250 mM NaCl). 12.5 ng of 
RNase A (5 ng/[1.g mRNA) Were added and the mixture Was 
mixed Well. The RNase A digestion mixture Was incubated at 
250 C. for 30 minutes and extracted With phenol/ chloroform 
once. The supernatant Was precipitated With 1 [1.1 of glycogen, 
100 [1.1 of ammonium acetate and 800 [1.1 of ethanol. 

Example 4 

Enrichment of the Full-Length cDNA Clones With 
Cap-Binding Proteins 

[0092] This example describes enrichment of full-length 
cDNA clones With the cap-binding protein e1F4E. 
[0093] cDNA Was prepared by precipitating the RNase 1 
treated ?rst strand cDNA described in Example 3 above and 
Washing With 70% ethanol. The resulting pellet Was dried at 
room temperature for 5 minutes, and re-suspended in 210 [1.1 
of 10 mM KPO4, 100 mM KCl, 2 mM EDTA, 6 mM DTT and 
5% glycerol. The cDNA Was stored on ice. 

[0094] e1F4E glutathione sepharose 4B beads Were pre 
pared by ?rst mixing glutathione sepharose 4B beads (Phar 
macia, SWeden) Well. To prepare e1F4E beads, a recombinant 
host cell expressing GST tagged e1F4E protein (the e1F4E 
gene Was cloned into a GST fusion vector to create a N-ter 
minal GST-e1F4E fusion gene) Was groWn and the fusion 
protein Was puri?ed by standard techniques. Thus, the inven 
tion also relates to recombinant host cells expressing e1F4E 
protein (particularly as fusion proteins), to vectors compris 
ing the genes expressing such proteins or fusion proteins and 
to the recombinant proteins or fusion proteins produced. In 
the present invention any tag can be used (e.g., His Tag, GST 
tag, HA tag, Trx tag, etc.). Such tags may be positioned at the 
carboxy and/or N-terminal region of the e1F4E gene. 
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[0095] The GST-elF4E fusion protein Was complexed With 
sepharose 4B beads by glutathione coupling using gluthion 
ine sepharose 4B beads (Pharmacia Biotech) following the 
manufacturers protocols. 200 [1.1 of the beads Were transferred 
to a 1.5 ml microcentrifuge tube, centrifuged for 1 second, 
and 75 ul of supernatant Was removed. The beads Were 
Washed tWice With 1 ml of reaction buffer (10 mM KPO4, 100 
mM KCl, 2 mM EDTA, 6 mM DTT and 5% glycerol), and 
re-suspended in 258 [1.1 of reaction buffer, folloWed by the 
addition of 42 [1.1 (18 pmoles/ul) of elF4E protein (600 
pmoles/100 ul beads). The mixture Was mixed on a head to 
head roller at 4° C. for 30 minutes. The mixture Was then 
centrifuged for 1 second, and the supernatant Was removed. 
The beads Were Washed tWice With 1 ml of reaction buffer and 
once With 1 ml of 25 ug/ml yeast tRNA in reaction buffer. 20 
ul of reaction buffer and 5 ug of yeast tRNA Were then added 
to the beads. 200 [1.1 of RNase I treated cDNA Was added to the 
beads, and the content Was mixed on a roller at room tem 

perature for 1 hour. After 1 hour, the mixture Was centrifuged 
for 1 second, and the supernatant Was removed. The beads 
Were Washed tWice With 1 ml of reaction buffer and once With 

1 ml of 500 [1M GDP in reaction buffer. The cDNA Was eluted 
tWice With 250 [1.1 of 500 [1M GDP in reaction buffer. The 
eluted solutions Were pooled and centrifuged for 1 minute to 
remove the beads. The eluted cDNA Was extracted tWice With 

an equal volume of phenol/chloroform. The cDNA Was 
divided into tWo tubes and precipitated With 1 ul of glycogen, 
0.5 volume of 7.5 M ammonium acetate and 2.5 volume of 
ethanol. 

Example 5 

Evaluation of the cDNA Library 

[0096] To evaluate the quality of the cDNA libraries con 
structed With the above-described full-length methods, the 
MAP4 gene (5-6 kb) and other genes Was selected as the 
target genes. MAP4 and other cDNA clones Were isolated 
from libraries constructed by standard methods Well-known 
in the art (see SuperScriptTM Plasmid Manual, Life Technolo 
gies, Inc.) and the above-described full-length methods With 
3' and 5' GeneTrapper cDNA Positive Selection System (Life 
Technologies, Inc., Rockville, Md.). The positive clones Were 
siZe analyZed by PCR. Tables 6 and 7 beloW summarizes the 
results of the enrichment of full-length cDNA clones in 
human ?broblast cDNA libraries constructed With methods 
Well-known in the art (control) and the full-length methods 
described above (full-length method). 

TABLE 6 

% full-length With 
5' GeneTrapper 

% full-length With 
3' GeneTrapper 

Gene control* full-length method control* full-length method 

MAP4 (5-6 kb) 12.8 90.3 6.25 37.5 

The control library Was constructed With SS 11 RT using 
knoWn methods. 
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TABLE 7 

Full-length of % Full-length by 5' 
Gene name gene (Kb) GeneTrapper 

MAP4 (Microtubule-associated 5/6 90.3 
protein 4) 
|3-Adaptin* 3.8/5.7 90.0 
TR (Transferrin receptor) 5.0 45.0 
PTK (Protein tyrosine Kinase) 3.0 84.4 
RPA (DNA Replication protein A) 1.4 98.0 

*There are tWo members ofthe genes, 3.8 kb and 5.7 kb in the family. 

[0097] These results shoW that the full-length methods 
described above yielded >90% full-length cDNA clones With 
the 5' GeneTrapper system, compared to <13% using stan 
dard methods. Furthermore, the above-described full-length 
methods yielded >37% full-length clones With the 3' Gen 
eTrapper system, as compared to <7% using standard meth 
ods. 

Example 6 

First Strand cDNA Synthesis, RNase I Digestion and 
elF-4E Capture 

[0098] All conditions and parameters described above in 
Examples 2, 3 (RNase l) and 4 Were folloWed, except for the 
folloWing: 4 reactions of 10 ug of human ?broblast cytoplas 
mic mRNA Were used per reaction (see WO 98/45311); the 
biotinylated primer-adapter (Biotin)4-GACTAGTTCTA 
GATCGCGAGCGGCCGCCC(T)25 Was used at a 1: 1 primer/ 
mRNA molar ratio; TS 11 RT Was used at 50° C.; and SS 11 RT 
Was used at 45° C. Table 8 beloW summarizes the ?rst strand 
cDNA and elF-4E capture results. 

Example 7 

Second Strand cDNA Synthesis 

[0099] Second strand cDNA Was synthesiZed by ?rst dis 
solving each of the four reaction pellets obtained in Example 
6 above in 104 [1.1 of DEPC-treated Water and then adding the 
folloWing reagents to each reaction: 
[0100] 4 ul of 5x First Strand Buffer* 
[0101] 30 ul of 5x Second Strand Buffer* 
[0102] 2 ul of 0.1 M DTT 
[0103] 4 ul of 10 mM dNTPs 
[0104] 1 ul ofE. coli DNA ligase (10 units/[1.1) 
[0105] 1 ul ofE. coli RNAse H (2 units/[1.1) 
[0106] 4 ul ofE. coli DNA polymerase (10 units/[1.1) 
see SuperScript Plasmid System manual (Life Technologies, 
Inc., Rockville, Md.) 
[0107] These reactions mixtures Were then incubated for 2 
hours at 16° C. 2 ul of T4 DNA polymerase (5 units/[1.1) Was 
added and incubation at 16° C. Was continued for 5 more 
minutes. 

Example 8 

Streptavidin Bead Preparation 

[0108] During the last 30 minutes of the 2 hour second 
strand reaction described in Example 7 above, streptavidin 
paramagnetic beads Were prepared as folloWs. 
[0109] Streptavidin paramagnetic beads (Seradyn) Were 
gently mixed by pipetting until the beads Were completely 
re-suspended. 150 [1.1 of the mixed beads Were transferred to 
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the bottom of a microcentrifuge tube for each reaction. The 
tubes Were inserted into a Magna-Sep Magnetic Particle 
[0110] Separator (Life Technologies, Inc., Rockville, Md.) 
(the magnet) and let sit for 2 minutes. While the tubes Were in 
the magnet, the supernatant Was removed by pipetting and 
100 pl ofTE buffer (10 mM Tris-HCl (pH 7.5), 1 mM EDTA) 
Was immediately added to the beads. 
[0111] The tubes Were then removed from the magnet and 
the beads Were gently re-suspended by ?nger tapping or vor 
texing at the loWest setting. The tubes Were re-inserted into 
the magnet. After 2 minutes, the supernatant Was removed, 
the beads Were re-suspended in 160 pl of binding buffer (10 
mM Tris-HCl (pH 7.5), 1 mM EDTA, 1 M NaCl) and the 
tubes Were placed into a microcentrifuge tube rack. 

Example 9 

Capture of the Double-Stranded cDNA Library 

[0112] After incubating the second strand reaction With T4 
DNA polymerase as described in Example 7 above, the reac 
tion mixtures Were placed on ice and 10 ul of 0.5 M EDTA 
Was added. Then the cDNA library Was captured according to 
the folloWing procedure (see generally W0 98/ 5 1 699). 
[0113] The paramagnetic beads prepared according to 
Example 8 Were transferred to the second strand reaction 
mixture tubes and gently mixed by pipetting and the suspen 
sion Was incubated for 60 minutes at room temperature. The 
tubes Were then inserted into the magnet. After 2 minutes, the 
supernatant Was removed and discarded. 
[0114] 100 pl ofWash buffer (10 mM Tris-HCl (pH 7.5), 1 
mM EDTA, 500 mM NaCl) Was added to the beads, the beads 
Were re-suspended by ?nger tapping or gently vortexing at the 
loWest setting and the tubes Were re-inserted into the magnet 
for 2 minutes. The supernatant Was removed and discarded. 
This Washing step Was repeated one more time and then 100 
pl of Wash buffer Was added to the beads. The tubes Were then 
again inserted into the magnet for 5 minutes. 

Example 10 

Not I Digestion 

[0115] After the 5 minute incubation described in the last 
step of Example 9, the supernatant Was removed and dis 
carded from the paramagnetic beads and 41 ul of autoclaved, 
distilled Water, 5 ul of REact 3 buffer, 4 ul of Not I Was added 
and the beads Were mixed Well by pipetting. The reaction Was 
then incubated for 2 hours at 370 C. The tubes Were then 
inserted into the magnet for 2 minutes and the supernatant 
containing the cDNA library Was transferred to fresh tubes. 
[0116] 50 ul of phenol:chloroformzisoamyl alcohol (25:24: 
1) Was added to the supernatant, the solution Was vortexed 
thoroughly, and then centrifuged at room temperature for 5 
minutes at l4,000><g. 45 ul of the upper, aqueous layer Was 
carefully removed and transferred to fresh microcentrifuge 
tubes. 23 ul of 7.5 M ammonium acetate, 1 ul of glycogen (20 
ug) and 172 [1.1 of ethanol (—200 C.) Was added. The solution 
Was mixed Well and stored on dry ice (or —700 C. freeZer) for 
15 min. 
[0117] The ethanol solution Was then centrifuged at 40 C. 
for 30 minutes at l4,000><g. The supernatant Was carefully 
removed from the small pellets. 100 pl of 70% ethanol Was 
added and the tubes Were centrifuged at room temperature for 
2 minutes at l4,000><g. The ethanol Was removed and the 
pellets Were dried in a speed-vac for 2 minutes or until dry. 
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The pellets Were then dissolved in 20 ul of TE buffer (10 mM 
Tris-HCl (pH 7.5), 0.1 mM EDTA). The ?nal yield of cDNA 
Was determined by the Cerenkov counts (see Table 8 beloW). 

TABLE 8 

standard (S) or % Amount of 
Reverse varied (V) Incorporation cDNA after 

Transcriptase temperature (ng of cDNA) eIF-4E capture 

TS II RT S 27% (2,720 ng) 512 ng 
TS II RT V (hot start) 26% (2,640 ng) 473 ng 
SS II RT S 46% (4,560 ng) 306 ng 
SS II RT V (hot start) 47% (4,730 ng) 363 ng 

Example 11 

Ligation of cDNA to the Vector and Introduction into 
E. coli 

[0118] From 10 to 30 ng of the un-fractionated or siZe 
fractionated (2 1.5 kb by loW melting gel electrophoresis) 
cDNA Was ligated into a vector pCMVSPORT 6 (Life Tech 
nologies, Inc.). This ligation Was introduced into E. coli by 
electroporation as described in the SuperScript Plasmid Sys 
tem manual (Life Technologies, Inc., Rockville, Md.), except 
that the cloning vector Was pre-digested With Not I and Eco 
RV. 
[0119] Sequence analysis of randomly selected clones from 
the cDNA library constructed (304 clones) Were analyZed by 
5' and 3' sequencing to determine the total percentage of 
full-length random clones in the cDNA library. Sequences 
Were compared for homology With GeneBank sequences. The 
results are summarized in Table 9 beloW. Based on the results, 
approximately 68% of the random clones Were full-length 
(including knoWn full-length clones and unknown full-length 
clones). Thus, approximately 17% unknown full-length 
clones Were obtained from the human ?broblast cytoplasmic 
mRNA library. 

TABLE 9 

Number of Clones Percentage 

Total Sequences 304 73.3% 
Sequences With Homology 223 51% 
Full-Length Clones 114 17% 
Potentially Full-Length 39 17% 
Partial Clones 70 31% 

Example 12 

RNAse Assay 

[0120] First strand cDNA Was treated With RNaseA at 1000 
ng/ug mRNA in TE buffer (10 mM Tris-HCl (pH 7.5), 1 mM 
EDTA) and RNase I 25 to 40 u/ug mRNA in TEN (10 mM 
Tris-HCl (pH 7.5), 5 mM EDTA (pH 8.0), 200 mM Sodium 
Acetate) at 370 C. essentially as described in Example 3. 
HoWever, this treatment With large amounts of RNase at 
elevated temperatures resulted in libraries containing very 
small average cDNA insert siZe (about 200 bp). Therefore, a 
second strand cDNA assay Was developed to determine the 
optimal amount of RNase needed. 
[0121] First strand cDNA (radioactively labeled and non 
radioactively labeled) Was synthesiZed using HeLa mRNA at 
500 ng of RNA/reaction. The ?rst strand cDNA Was precipi 
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tated With ethanol and dissolved in DEPC-treated Water. The 
cold ?rst strand cDNA Was added to RNase buffer With dif 
ferent amounts of RNase. After incubation for 30 minutes at 
250 C., the treated cDNA Was extracted With phenolzchloro 
form and precipitated With ethanol. The treated cDNA Was 
dissolved in DEPC-treated Water, a second strand cDNA 
reaction Was performed With 32P-dCTP plus and minus 
RNase H. The reaction Was extracted With phenol :chloroform 
and precipitated With ethanol. Equal amounts of cpm Was 
electrophoresed into a 1.4% alkaline-agarose gel. The results 
are shoWn in FIGS. 5 and 6. 

[0122] FIG. 5 is an autoradiograph of second strand cDNA 
synthesized using different amounts of RNase A. Lane M is 
the 1 kb DNA ladder. Lane 1 represents untreated ?rst strand 
cDNA. Lane 2 represents untreated second strand cDNA. 
Lanes 3, 5, 7 and 9 represent second strand cDNA synthesized 
Without RNase H and With RNase A concentrations of 0, 1.25 
ng, 2.5 ng and 5 ng, respectively. Lanes 4, 6, 8 and 10 repre 
sent second strand cDNA synthesized With RNase H and With 
RNase A at concentrations of 0, 1.25 ng, 2.5 ng and 5 ng, 
respectively. 
[0123] FIG. 6 is an autoradiograph of second strand cDNA 
synthesizedusing different amounts of RNase I. Lane M is the 
1 kb DNA ladder. Lane 1 represents untreated ?rst strand 
cDNA. Lane 2 represents untreated second strand cDNA. 
Lanes 3, 5, 7 and 9 represent second strand cDNA synthesized 
Without RNase H and With RNase I concentrations of 0, 0.5 u, 
1.25 u and 2.5 u, respectively. Lanes 4, 6, 8 and 10 represent 
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determined to have the a?inity required. The ?rst screen 
ELISA consists of binding m7guanosine-BSA to an ELISA 
plate, block With BSA, bind hybridoma supernatants, react 
With secondary antibody and determine positives via a colo 
rimetric reaction With BCIP/NPT. The secondary screen 
included incubating appropriate dilutions of the hybridoma 
supematants With either 0.1 mM m7GTP, 0.1 mM cap analog 
M7G5'ppp5'G, 0.5 mM m7guanosine or 0.5 mM GTP. The 
pretreated supernatant Was then used in the standard ELISA 
procedure. The GTP did not compete With the m7 guanosine 
BSA Whereas the m7 versions all competed ef?ciently. 
[0126] Having noW fully described the present invention in 
some detail by Way of illustration and example for purposes 
of clarity of understanding, it Will be obvious to one of ordi 
nary skill in the art that the same can be performed by modi 
fying or changing the invention Within a Wide and equivalent 
range of conditions, formulations and other parameters With 
out affecting the scope of the invention or any speci?c 
embodiment thereof, and that such modi?cations or changes 
are intended to be encompassed Within the scope of the 
appended claims. 
[0127] All publications, patents and patent applications 
mentioned in this speci?cation are indicative of the level of 
skill of tho se skilled in the art to Which this invention pertains, 
and are herein incorporated by reference to the same extent as 
if each individual publication, patent or patent application 
Was speci?cally and individually indicated to be incorporated 
by reference. 

SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS: 1 

<2ll> LENGTH: 54 

<2l3> ORGANISM: Artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide primer 
<220> FEATURE: 

<22l> NAME/KEY: modifiedibase 
<222> LOCATION: (l) . . (l) 

<223> OTHER INFORMATION: 4 Biotin molecules are attached to guanine 

<400> SEQUENCE: l 

gactagttct agatcgcgag cggccgccct tttttttttt tttttttttt tttt 54 

second strand cDNA synthesized With RNase H and With 
RNase I at concentrations of 0, 0.5 u, 1.25 u and 2.5 u, 
respectively. 
[0124] These gel analysis demonstrated that a concentra 
tion of 1 .25 ng ofRNAseA (see FIG. 5) or 0.5 units ofRNAse 
I (see FIG. 6) may be optimal to use With 500 ng of starting 
mRNA. 

Example 13 

Preparation of Antibodies against Cap Structure 

[0125] The antibody to cap Was generated using 
m7guanosnine-KLH as the antigen. 1200 hybridomas Were 
plated and only 120 colonies Were generated. Of these only 6 
colonies Were positive for cap. After further analysis, 3 Were 

What is claimed is: 
1 . A method for synthesizing one or more cDNA molecules 

or population of cDNA molecules comprising: 
mixing at least one mRNA or poly A RNA template or 

population of such templates With at least one polypep 
tide having reverse transcriptase activity; and 

incubating said mixture under conditions su?icient to 
increase the amount or percentage of full-length cDNA 
molecules synthesized. 

2. The method of claim 1, Wherein said conditions reduce 
or substantially reduce internal priming. 

3. The method of claim 1, Wherein said polypeptide is a 
reverse transcriptase selected from the group consisting of 
M-MLV RT, RSV RT, AMY RT, RAV RT, MAV RT, and HIV 
RT, and derivatives, fragments, mutations and variants 
thereof. 




