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CONFIDERTIAL -~ SUBJECT TO PROTECTIVE ORDER
~IN THE COURT OF CHANCERY OF THE STATE OF DELAWARE
IN AND FOR NEW CASTLE COUNTY
EASTMAN KODAK COMPANY, Civil Action No. 12249
Plaintif¥f,
v.
CETUS CORPORATION,
Defendant,
and
CHIRON CORPORATION,

Intervenor.
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AFFIDAVIT OF JOHN J. SNINSKY, Ph.D.

I, John J. Sninsky, being first duly sworn, do depose
and say:

1. I have spent my professional life working in the
area of molecular biology and virology. I received a Ph.D. in
biology from Purdue University in 1976 and worked as a
postdoctoral fellow at the Stanford University Department of
Medicine from 1976-1980. I then spent 1981-1984 as an Assistant
Professor at Albert Einstein College of Medicine in the
Department of Microbiology and Immunology, with a joint
appointment in the Department of Molecular Biology. I joined

- .- - Cetus as Senior Scientist in the Department of Microbial
Genetics, and became Senior Director of Diagnostics of the PCR
Divisicn in 1988. At Cetus, I have directed the company’s
efforts in research on the detection of viruses and other
pathogens. I have authored over 50 scientific publications
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relating to genetic engineering and virology. My laboratory was
the first to use PCR technology in the detection of the HIV
virus, and published the first raper on that subject. I have
lectured extensively on the use of PCR in diagnostics, and am co-
editor with Drs. T. White, M. Innis and D. Gelfand of the book

PCR Protocols published in 1990 by Academic Press. Further

details are set forth in my Curriculum Vitae, which is attached
hereto as Exhibit A.

2. The polymerase chain reaction k“?CR") was invented
by Dr. Kary Mullis, a Cetus scientist, in 1983. Over the next
two years Dr. Mullis and several other Cetus scientists, ..
including Henry Erlich and Norman Arnheim, worked on improving
and using this process, and by late 1985 published a detailed
description of their work involving the amplification and
detection of DNA. The patent directed to the basic PCR
amplification process is United States Patent No. 4,683,202 (the
"202 patent") and the patent directed to the use of the process
ag a detection method is‘United States Patent No. 4,683,195 (the
"195 patent"). Cetus owns both of these patents. All of the
scientific work required in these patents was performed well
before February 1986..

3. PCR is a technique for selectively amplifying a
particular nucleic acid sequence or gene segment that is present
in a sample in extremely small quantities. PCR thus allows
scientists to detect information occurring in DNA or RNA that

would otherwise be very difficult or impossible to detect. This

is sometimes analogized to converting a needle in a haystack to a

haystack of needles.
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The PCR process is a cyclical method, each cycle of
which consists of three steps. The first step is known as
“"denaturation” and is the separation of the two strands of DNA.
DNA is a very long molecule described as a double-stranded helix.
Each strand consists of a series of building blocks or
components, also known as "nucleotides." The bases of each
nucleotide along one of the strands are bound or match to the
bases along the other strand in a complementary fashion. The
base known as Guanine always binds with the base knéwn as
Cytosine, and the base known as Adenine always binds with the
based known as Thymidine. During denaturation, the two strands
are separated, usually by heating the DNA to very high
temperatures. If one wishes to amplify a region of RNA, this RNA
is first converted to a complementary DNA (cDNA).

The second step of the PCR process is known as
"annealing" or binding. During this step, typically two short
synthetic pieces of DNA (or primers) made up of nucleotides bind
to the regions of the two complementary strands of the sample DMa
‘that they match. The primers must be designed so that they will
térget only the sequence that you want to copy.

The third step in PCR is known as "extension." During
this step, an enzymé, known generically as a DNA polymerase,
makés new DNA in a template-dependent manner by adding

... - nhucleotides to one end of each primer to fill out a new strand
that is the precise complement of the original strand. This
extension must be done in a way such that the new complementary
strand (the "extension product") can and does serve as a template

for another cycle of denaturation, annealing and extension.
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Thus, using the PCR process, more and more copies of specific
segments of DNA can be made, using the products of one cycle as
templates to make more products in later cycles.
This process increases the amount of new DNA in a
dramatic, exponential way. The cycle can be repeated numerous
times, resulting in a million to a billion-fold increase in the

anount of the target DNA Sequence contained in the sample.

the steps of the PCR reaction.

4. PCR can be applied in many scientific fieids and
its invention has revolutionized all of science. Scientific-
fields in which PCR has application include human, animal and
plant diagnostics, forensics, anthropology, environmental
monitoring, identity testing, tissue typing, biological research,
and agricultural genetic engineering, to name but a few. Among
the most important currently known uses are research, human
diagnostics, forensics, identity testing and environmental uses.

"Research" generally refers to the use of PCR in
laboratories to increase scientific knowledge and understanding
about DNA. In this context, PCR can be used to study DNA or RNA
generally, or specific segments of DNA associated with, for
éxample, a disease or production of a particular protein. This
is the type of work carried out by Dr. Rick Myers of UCSF as well

-~ . .. - as thousands of other scientists throughout the world. I
understand that Dr. Myers will describe this work in greater
detail in his Affidavit. 7In addition, PCR could be used to study

the effectiveness of new, experimental therapeutics.
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"Human diagnostics" generally refers to the detection,
in a clinical sample, of a target sequence indicative of a
particular disease, condition, or genetic trait relevant to a

medical condition. Diagnosis generally can be performed "in

"

ViVo

-- that is, on the living human body -- or “in vitro" =~

that is, on a sample taken from the human body and placed in a
test tube or other container. Generally, PCR is used only in in
vitro tests. In the commercial setting, the diagnostic test may
bé performed by the physician, his or her staff’or'hospital
laboratory by purchasing a commercially available diagnostic
product, or the physician may send a tissue sample taken from-the
patient to a reference laboratory. A reference laboratory is an
institution that offers the service of performing specified tests
on samples sent in by physicians or hospitals.

“Forensics" generally refers to the science of criminal
investigation and detection. DMA from hair, skin, blood or other -
human tissue found at the scene of a crime can be compared to the
DNA of a2 suspect or suspects. Criﬁe investigators can thereby
conclusively determine whethep or not the suspect or suspects
were at the scene of the crime.

The "identity testing" field includes the use of PCR to
determine parentage, and the use of PCR to identify, for example,
.military personnel killed or missing in action.

N PCR can also be used in the environmental field. An
exanmple of this use is the use of PCR to determine whether
legionella -- the bacteria that causes legionnaire’s disease --

is present in buildings. Anbther example is the use of PCR to
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test a water supply for the presence of bacteria dangerous to
humans.

5. For all of these fields, the same PCR technology
described in Cetus’ patents is used. The difference is in the
objective, not in the technology.

6. I was generally aware of the negotiations between
Cetus and Kodak in 1985 and the beginning of 1986. I gave
presentations to Kodak about Cetus’ technology as a part of those
negotiations. 1In addition, I served as a member of the
management committee for the Cetus-Kodak Research And Development
Program ("R&D Program") for all three years of the R&D Program --
that is, from February 1986 uhtil February 1989. The Program’s
management committee was known as the “Research And Development
Program Management Council,” or the "RDMC." I am therefore very
familiar with the R&D Program’s activities and objectives.

7. The Cetus Kodak R&D Program focused on research
and the development of in vitro human diagnostic products for
‘commercial markets. In particular, while in theory the Program
could have developed products based on several different
téchﬁblogies, in practice the Program focused on products based
on monoclonal and polyclonal antibody technology. During the
discussions between Cetus and Kodak scientists prior to the
signing of the 1986 Agreement, Kodak scientists were clearly more

... - interested in Cetus’ technology relating to monoclonal antibodies
than in PCR technology. 1In 1986, at the outset of the Program,
development of monoclonal antibody technology had already reached
a fairly advanced stage. The Kodak members of the RDMC, who

controlled the focus of the Program, were consistently and from
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the ocutset concerned with developing products that would have a
rapid return on investment due to directives by Kodak upper
management. In RDMC meetings, the Kodak RDMC members constantly
reiterated Kodak’s position that the R&D Program had to yield
short term financial success. In RDMC meetings, the Kodak
members of the RDMC insisted that a focus on antibody products
was necessary to achieve Kodak’'s objective of a rapid return on
investment. They also insisted that the Program must achieve
this rapid return on investment before Kodak would devote the
required resources to developing PCR products.

8. The parties engaged in both research and product
development work under the R&D Program. The focus of the RDMC
and the R&D program was, however, on developing specific
products. What we meant by a “product" in the RDMC was a kit
consisting of the biological reagents (such as monoclonal
antibodies) and other materials necessary to perform a test for
the detegtion of a particular disease or medical condition by the
targeted customexr. Such kits would have to be reliably
manufactured under rigid manufacturing protocols. Under the R&D
érogram we developed such kits based on antibody technology for
Strep A, Chlamydia, hCG (a pregnancy testf and Herpes Simplex
Virus.

Concurrently, the joint venture between Cetus and

... - Perkin Elmer known as PECI (for "Perkin Elmer-Cetus Instruments®)
developed PCR-based kits, instruments and reagents for use in
various research applications. A catalogue for these products LS
attached to this Affidavit as Exhibit C. These products are used

in conjunction with an instrument developed by PECI for use in

ATTORNEY'S EYES ONLY -~
RESTRICTED RMS 71067



Case 3:05-cv-04158-MHP  Document 95-48  Filed 10/27/2006 Page 8 of 34

CONFIDENTIAL - SUBJECT TO PROTECTIVE ORDER
PCR testing known as a thermal cycler. The purpose of the
instrument is to carry out temperature cycles in precise,
programmed sequences so that PCR amplification will occur.
Catalogues for the PEQI instrument are attached hereto as
Exhibit D.

9. The RDMC established timelines and budgets for
feasibility projects. After the RDMC decided to consider a
potential feasibility study for a target disease or condition,
Cetus would engage in research to gain more information and
determine whether it was possible to accomplish technically.
This was a substantial effort, and included designing a series of

reagents and procedures to detect a pathogen or target sequence.
This research work included demonstrating that the information
gathered had utility over already available products in the
commercial arena. Specifically, research was required for
locating and analyzing a relevant portion of the target DNA
sequence and designing primers and probes specific to that
sequence, For exampie, the HIV virus can take many different
forms. We had to determine what nucleic acid sequences were
common to all variants in order to provide directed
amplification. We also had to develop appropriate and often
complicated sample preparation procedures and a possible
detection format to accommodate all variants. All of this helps
- . ... - to demonstrate why merely designaping a target for which you
would like to have a product is a long way from actually
'beginning product development. To my knowledge, the only PCR-
based project on which product development began during the R&D

Program was an HLA DQ Alpha test kit.
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10. During the term of the Program, the RDMC did not
uge the term "product" for the format for an assay. For example,
the antibody products developed under the program were all assays
utilizing a format known as the "SureCell" format. The SureCell
format was not listed as a product in the R&D Program’s Milestone
Reports: the particular test kits developed using the format were
listed as products. Illustrative Milestone Reports are attached
to this Affidavit as Exhibit E. As soon as the RDMC determined
that both technical and commerciai feasibilify had been
demonstrated, the project was included on the RDMC’s list of
current products, although substantial development work had-still
to be done before a marketable product would be available. The
RDMC did not consider anything not included on the list of
current products to be a product under development. No PCR
product was so designated as a current product. Attached hereto
as Exhibit F is the milestone report dated August 19, 1988, which
was the last milestone report of the Cetus Kodak R&D Program,

All of the "current" products listed on the milestone report are
antibody products.

1l1. Cetus and Kodak successfully developed to
completion three ant}body~based products under the Program. The
Herpes Simplex Virus test kit was FDA approved following the R&D
collaboration. There were, however, no PCR-based products

. developed under the Program. In addition, there was only one PCR
project that had reached the product development stage. This was
a test kit for DQ alpha. DQ alpha is one of the HLA genes which
are associated with human identity. Therefore, DQ alpha was not

considered a diagnostic target of the R&D Program. Cetus,
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however, wanted to overcome Kodak’s prejudice against developing
PCR-based products, and therefore offered to Kodak the DQ alpha
test kit, which was then at an advanced stage of development for
forensic use, as a possible kit to test the compatibility of
organ transplants. Eventually, Cetus completed a DQ alpha test
kit although the test kit Cetus completed for forensic use was
different from the one worked on under the Program. A picture of
the Cetus DQ alpha test kit is attached hereto as Exhibit G.

12. Duriné the term of the Program, Kodak was working
on an instrument Kodak called an "Ektamizer" and a container for
use on that instrument which Kodak called an "Ektapod". The-
Ektamizer and Ektapod were for sample preparation, amplification
and detection. The pod, which was designed for use on the
Ektamizer, was a rigid plastic container with a metal foil bottom
in which reagents and samples would eventually be placed. To the
best of my knowledge, these are-the only instruments, devices, or
containers that Kodak worked on during the Program that may be
relevant to PCR.

13. The Ektamizer and Ektapod approach which Kodak
worked on under the R&D Program never worked. One of the
insurmountable problgms arose from the fact that the friction
between the Ektapod and the Ektamizer stations (e.g. temperature
plates) caused the clutch to repeatedly burn out. This

. necessitated that studies using the pods be carried out by
manually moving them from one hot plate to another. I recall
RDMC meetings in late 1987 and early 1988 in which we discussed
whether it would be possible‘to recover any "salvage value” from

the Ektamizer. Attached hereto as Exhibit H is a copy of the
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Kodak Report of the December 7. RDMC Meetings in which this topic
was discussed.

14. From my personal conversations with Kodak
employees, I know that Kodak was aware of the PECI joint venture
between Cetus and Perkin Elmer, which Cetus entered into in
December, 1985 and announced pubiicly. The activities of PECI
included the development and commercial sale of an instrument for
use with PCR-based tests and the research and development of PCR-
based test kits for research pPurposes. As I mentioned earlier in
this Affidavit, PECI did develop and now sells PCR test kits for
use in various research applications, including the analysis-of
HIV and reagents for the analysis of other viruses and genes.
PECI catalogues showing available test kits and thermal cyclers
are attached as Exhibit C and D to this Affidavit.

15. During the R&D Program, Cetus regularly provided
Kodak with copies of reports prepared for internal distribution
at Cetus concerhing progress on research and developmgnt in
diagnostics and technologies that might be relevant to
diagnostics. Cetus provided substantially more information to
Kodak than it received from Kodak relating to Kodak’s own
activities. Cetus alsoc kept Kodak scientists informed regarding
generally applicable research at Cetus that might be useful for
diagnostics. Furthermore, Cetus attempted to teach Kodak

ﬂ:_scienéists about the general properties of PCR, and reagents
useful in performing PCR.

16. By the end of 1987 Cetus was extremely frustrated
by Kodak’s refusal to devote the necessary resources to PCR. In

a .special RDMC meeting in December, 1987 the Cetus members of the
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RDMC emphasized to Kodak the need for Kodak to devote more
resources to PCR. A copy of the Kodak report of the December 7,
1987 RDMC meeting is attached hereto as Exhibit T. During the
winter of 1988 we attempted to convince Kodak to devote more
resources to the research and development of PCR. Kodak resisted
these efforts, so Cetus began to look for other companies that
might be interested in developing PCR with Cetus. Kodak would
not, however, agree to a three-way collaboration. Consequently,
in February, 198% the Cetus-Kodak Program expired and Cetus
entered into a collaboration and license agreement with Hoffqannfnm
La Roche, Inc. and F. Hoffmann-La Roche, Ltd. (collectivel?ﬁ;\. |
"Roche") involving the use of PCR in diagnostic products and
services.

17. I have worked with Roche on the Cetus-Roche
collaboration since it began in February, 1989. The Cetus-Roche
collaboration is solely devoted to research and development on
PCR diagnostics. The Cetus-Roche collaboration, however, like
the Cetus-Kodak R&D Program, is directed to in vitro human
diagnostics, although the Cetus-Roche collaboration is broader as
it includes services as well as products. In complete cénttast
to Kodak, Roche has demonstrated a high level of commitment and
has devoted substantial resources including funding, personnel
and facilities, to the development of PCR. Although Roche has

. ﬁot yet begun marketing a PCR-based product, Roche has developed )
a number of PCR-based test services that are currently being
offered by Roche Biomedical Labs.

In addition to the work funded by Roche, Cetus has

continued to work on PCR research with its own funds. Since

12
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February, 1989, Cetus has spent approximately $20 million on PCR
research and development.

18. I am not aware of any significant development on
PCR generated in the course of the Cetus-Kodak R&D Program that
has not been publicly disclosed. Cetus has an aggressive
intellectual property review allowing rapid publication dating
from before the Cetus Kodak Program. This publication policy is
important to Cetus’ ability to attract scientists who are leaders
in their fields. Scientists’ accomplishments are measured in

" large part by the number and quality of their publications.
Therefore, a company like Cetus whose charter it is to attract
the best scientists available must havé a rapid publication
review policy withoﬁt precluding possible patent rights.

Under Cetus’ publication review policy, all discoveries
by a scientist must be submitted to an in-house patent committee
for consideration. If it is determined by the patent committee
that the discovery is patentable, then a scientist may submit his
or her manuscript describing the discovery such that publication
would not occur prior to the appropriate patent application.
Cetus attempts to file patent applications as quickly as possible
so that a scientist is not delayed in being able to publish a
paper concernin§ his or her discovery so that valuable
information can be relayed to his or her colleagues in the

.. . .. . scientific community. If the patent committee determines not to
file for a patent, the scientist is immediately free to publish
his or her discovery in a scientific journal or otherwise. The
time between a scientist’s discovery and his or her ability to

publish generally ranges from one month to one year.
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Cetus’ publication policy is typical of publication
policies in the biotechnoleogy industry. Specifically with
respect to PCR, there have been at least 7,000 publications
concerning PCR since the first paper in December of 1985.
Attached to the Affidavit of George McGregor is a bibliography of
PCR publications demonstrating the extensive knowledge regarding
PCR that is publicly available. Because of this rapid
publication review policy, and because of the pace of development
in the biotechnology in&ustry, all Cetus technology of any value‘
relating to PCR discovered as of the beginning of 1989 is in the
public domain or is the subject of an issued patent. Lo
Consequently, if there is.anything secret remaining from the 1986
to 1989 time period, it is not of utility today.

19. Attached hereto as Exhibit I is a copy of a book
or manual entitled PCR Protocols published in 1980. The editors
of this manual include myself and other Cetus scientists and
Dr. Thomas White, a former Cetus scientist who joined Roche in
March, 1889.

20. The information necessary to use PCR to detect
génetic or viral material associated with particular diseases or
medical conditions ig.also publicly available through the PCR-
based test kits sold by PECI for research purposes. PECI has

developed and sells, for example, primer and probe sets for use

. in detecting and analyzing HIV. Attached hereto as Exhibit J are
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some sample package inserts for these products. Although these

kits are not sold for diagnostic uses, their product inserts and

the publications listed in them provide a more complete and

advanced description of the use of PCR to analyze HIV than the
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information generated between 1986 and 13983. Because of the
rapid advances in HIV research using PCR, it is inconceivable
that researchers would benefit from outdated, unpublished data
prior to February 1989. Even failed experiments and unsuccessful
approaches, which are generally not published in the scientific
literature, are readily discussed at scigntific conferences, if
not implicit in the qulished literature. Therefore, I do not
believe that any "lead time" would be associated with a body of
knowledge generated before February, 1§89.

21. Aas I explained earlier in this Affidavit, PCR is a
technique with applications throughout the life sciences. PRCR is
not a technology peculiar to diagnostic products. To the
contrary, there is no particular piece of technology that is used
in in witro human diagnostic products that is not used in some
other field. For example, DNA Tag polymerase, of which I am
aware Kodak claims exclusive rights of some kind, is a DNA
polymerase enzyme that can be used in every PCR application. The
use in PCR of thermostable enzymes, a group in which Tag DNA
polymerase is included, is in fact covered by Cetus’ earliest PCR
patents for which applications were filed prior to any work on
the R&D Program, as well as Cetus U.S. Patent No. 4,965,188.
Therefore, the use of Tag DNA polymerase in PCR is widely known
in the scientific community.

. 22. If the Cetus-Roche PCR sale does not close, there
is a serious question of Cetus’ financial ability to cortinue the
Roche~-Cetus collaboration and Cetus’ other PCR work. The
uncertainty created by blocking the Roche-Cetus transaction would

make it difficult for Cetus to retain its own scientific staff
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and in addition could threaten Cetus’ relationship with its
collaborating researchers and investigators. Moreover, if Cetus’
financial problems threaten its funding of the PECI program, then
necessary reagents and instruments being utilized both in
‘research and commercially may become unavailable, or their supply
restricted. If the availability of these products is
interrupted, experiments and research will be delayed or in some
instances scrapped, since a change in reagent or instrument could
render data §athered using other such products unusable. In
addition, the uncertainty surrounding the blocking of the Roche
transaction could very well delay the introduction of valuable,
beneficial diagnostic products. For example, Roche has announced
‘that an HIV-1 test is in clinical trials and may be presented to
the FDA in early 1992. This product utilizes PECI products. As
noted above, the financial harm to Cetus that would result from
an injunction threatens the supply of these PECI products to
Roche. Even if the PECI supply is somehow protected, uncertainty
created by the injunction and the potential disruption of funds
and reagents to support collaborators, all threaten to delay the
development and introduction of PCR pro&ﬁcts.

23. When the harm to the public from any injunction
that would slow the advancement of research in PCR technology is
considered, there is yet a further equity of which, in my
opinion, the Court should take cognizance, and that is this:
During the three year collaboration from February, 1986 through
February, 1989, Kodak essentially starved the development of PCR
technology. Kodak spent the majority of the funds available

during the Kodak-Cetus R&D program on other techpnology, not on

. , 16
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PCR. Even as to the funds that Kodak did spend in the area of
PCR, its preoccupation was never on the development of the
technology, but rather on the development of a mechanical
apparatus, which they reﬁerred to as an Ektamizer. Suitable
mechanical devices existed at the time and exist now for
performing the PCR process, and these are available commercially
for a minimal cost -- less than $15,000. For reasons of its own,
Kodak ignored this fact. As a result of Kodak’s attitude, no PCR
diagnostic products were advanced to the stage that even merited’
discussion with the FDA, a necessary prerequisite for
availability to the public during.the period February 4, 1986—
through February 4, 1989. Then, for the almost three years that
have followed the end of the Kodak-Cetus R&D program, Kodak has
relayed little, if any, information to the scientific community
as a whole in the PCR area. It appears to me that they have
‘devoted limited resources to that effort. Kodak has produced no
PCR assays, tests, products, or services of any kind that can be
used by or for the public. Kodak has published relatively little
on the subject. During the same period, Cetus and Roche have
made substanti;l advances in this area and have made publicly
available PCR diagnostic services for such serious human
conditions as the Human Immunodeficiency Virus (the causative
agent in AIDS), Cystic Fibrosis, Sickle Cell Anemia, and several
; others including Human Papillomavirus, a possible precursor of
cervical cancer. As a result of these advances, people’s lives
have been lengthened and it is quite probable that people’s lives
have been saved by, for example, early detection and confirmation
of the presence of HIV, thereby giving those individuals the
ATTORNEY'S EYES ONLY 17
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information they needed to prevent the spread of that infection
to others. I can say without a doubt that had the development of
PCR technology been left to Kodak, none of these important
advances would have occurred. Now, instead of accelerating its
own program, Kodak’s tactic is instead to attempt to throw
whatever roadblocks it can in the way of those who are advancing
this important area of science. As one who participated in the
Cetus~Kodak R&D program personally for three years, I can say
categerically that is was never my understanding that Kodak had
"exclusive" rights to use PCR in human diagnostics, nor did any
of the Kodak representatives ever make such a claim during-the
program. I can also say that Kodak’s current claim to
"exclusive" rights in the area of PCR technology is not in the
public interest; indeed, it is directly contrary to the public
interest. The public interest will be served by having more
financial and human resources devoted to the advancement of PCR
research. Unfortunately, due to its financial condition, Cetus
cannot do so. Kodak has demonstrated that it can not or will not
do so. Based upon my association with the Cetus-Roche Program
during the past three years, my opinion is that Roche has both
the ability and commitment to advance PCR research broadly and to

ensure the availability of PCR testing, a

to the general public.

J9}fn
SWORN TO BEFORE ME amd su

11

[l day of November, 1991.
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Sninsky, J.J. and Kwok. S. (1990) “Detcction of human immunodcficicney viruses by the Polymerase
Chain Reaction.” Arch. Pathol. Lab. Med. 114:259-202. ‘

Jackson, J.B., Kwok, S.Y., Sninsky, J.J.. Hopsicker, 1.S., Sanncrud, K.J.. Rhame, F.S., Henry, K.,
Simpson, M., and Balfour, H.H., Jr. (1990) "Human immunodeficicncy virus type | detected in all
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(1990) "Low incidence of HTLV infections in random blood donors with indcterminate Western Blat
patterns.” Transfusion (in press). '

Kwok, §., Gallo, D., Hanson, C.V., McKinncy, N., Poicsz. B.. and Sninsky, J.J. (1950) "High
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.. . Erlich, H.E.. Gelfand, D. and Sninsky, J. (1991) "Recent Advances in the Polymcrase Chain Reaction™,
" Science 255:1643-1651.
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DNA test exceeding
hopes — in many fields

PCR-working in AIDS research, forensics, archeology ;
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By Judy Forcman
Giobe Staft

wa and a hatl vears ago, four gay
. men tnfected with the AIDS virus -
a {racton of the nearlv 5.000 men
being studiod through an AIDS re
scarch project - appeared (o do
what o one thoudht possibier lose the ant.
badses 10 the virus they had aoquired,

Al four were healthy, and rescxrchers were
unable 1o “cullure.” or grow. virus ftom thar
blaod ~ both good. though pot conclusive stens.

But were they reatly free of the virus, as s
eniisty studyving them began 1o hope? Or mugit

How PCR technology works

In gene amplificaton. ¢encuce matenat
(ONAY 65 taken trom the cells and
prepared for copying by poivmerase
chawy reacuon CRI PCR walt amphiry
a “tareer bt ot DNA contuncd

the
carry gencuc bluepnn,

Y

that

Target aree

ttttiddttdte

HEAT

Primer Primer
3

W

traces of virus still lurk decp inside thee eoils,

unictectabie by avattabic tests? i
When the cascs surfaced. there wea no good

way (o tctf. Today. there is. through & gone am-

plification peocess catied PCR. fur pot

chata reaction. 1's not perfect, but PCR i3 al-

ready cxceeding cxpociations. no¢ st among .

DNA. Page 31 :

DNA malecule consiscy of

[ two jouned spural srands,
‘Each strand conuuns
 genctic infoomausn spelied
Sut In a chemcal code,

To bemn copyug. DNA 1s heated 10 separawe
molecule itig two single strands. Chermical
code unis are exposed for copying, :

sequence - Jre added 10 DNA at
eliter end of scquence 10 be
<oped,

B Primers « svathenc picces of .
W\ DNA, that match up with tareet

Reprinted conrtesy of The Boston Glolx

Polymaersse

Enryme that allows DNA 1o
copy nseil s added. Primers
begin copying DNA strands,
working i opposite directions

The DRA copies itsclf from
right 10 left on the wp
sirand, left to nght on the

bottom strand in the firsy
cycie. The resuls a new wp s

atrand with 3 fixed end point
wn the nght and wtintely :
iong on the left: vice versa f
tor the bottom strand. :

Fd Each subscquent
cycle prochuces
expanenuaiiy

ok i VA SR e

multplying number
of copres of a ONA
fragment wath both

PN

cnds detined. Thirty
vycles vagtd 1 mllion
Copcs.
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DNA test
exceeds
hopes

B DxA
Continued from Page 29

AIDS researchers. but among fo-
rensic sclentsts, genede disease
researchers. even archeologists.

Simpiy put. PCR allows re-
sexrchers to take a tiny fragment
of DNA, or genetic matertal, define
a “target” area to be duplicated.
then add an enzyme that causes
milifons of coples of the target
area to be made, all within about
three hours.

In the puzziing case of the four
gay men. for instance. researchers
Homayoon Farzadegan and Alfred
J. Saah of Johas Hopkins Univer-
sity determined through PCR that
alt four did tndeed still carry the
AIDS virus - six to 18 months
after the standard tests-indicated
they had lost the antibodies. a ma-
Jor sign of tnfection. {With PCR
tests repeated later, however, one
of the four showed no trace of
virus and now appears to be anti-
body-free.)

And AIDS testing is just the be-
ginning. Last week. PCR showed
its potential in a’ differenc field.
prenatal diagnosis.

Another team from Johns Hop-
kins, collaborating with the Cetus
Corporation in Emeryvifle. Calif..
which developed and patented the
PCR technology, described the
technlque’'s usefulness in diagnos-
Ing two inherited blood diseases.
sickle cell anemia and beta-thales-
semia. The work appeared last
week in the New England Journal
of Medictne.

Conventional tests for sickle
cell anemia require one to (wo
weeks just 1o grow fetal cells to
produce enough DNA to test.
Then, {t can take another week to
cut the DNA with enzymes, run it
through gels. blot 1t onto filter pa-
per, label 1t with radiocactive
probes and read the results from
X-ray film.

With PCR. says Dr. Henry A.
Erlich, Cetus’ director of human
genetics. the process takes hours.

Document 95-48
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Used in criminal cases

And a month age. PCR proved
useful in yet another field. foren-
sics. With Edward Blake of Foren-
slc Sciences Associates in Rich-
mond. Calif.. Erlich ampiifted
DNA In & 10-year-old semen speci-
men. shoewing beyond a doubt. he
says, that Gary Dotson had been
wrongly convicted in Hitnots of
raping Cathleen Crowell Webb (n
1978, Webtb in 1985 recanted her
testtmony. Subsequent efforts to
analyze the semen with conven-
tional DNA tests faflked because
the DNA over time had been
broken down by heat. moisture or
bacteria tnto fragments so tiny
the tests would not work.

But PCR. says Erlich. showed
that the semen sample did not
match Dotson’s but did match
Webb's boyfriend, thus support-
ing Webb's recantation. On the
basis of the PCR test. Dotson has
requested a full pardon from Gov.
James Thompson, who is expect-
ed to reviewthe case in October.

Because of PCR's abllity to pro-
duce large amounts of usable DNA
from degraded samples. the FBI
last week safd It was “actively
pursuing the technique to make it
applicable to forenstc science.™

Two commercial -forensic
firms. Cellmark Diagnostics and
Lifecodes. Inc.. have indlcated
they hope to add PCR to conven-
tonal DNA analysts in paternity
and criminal cases.

Even in anthropology and ar-
cheology. PCR {s yvielding insights.
At the University of Califorria at
Berkeley. researchers led by Allan
C. Wilson amplified DNA from a
woolly mammoth that lived
40.000 years ago in Stberia, show-
ing it was related 1o modern ele-
phants. They have identfied as
human a 7.000-year-old-brain
found in a Florida peat bog.

It's not perfect

Ltke any new technology. of
course. PCR has Its flaws.

Precisely because it so sensi-
tively detects .tiny fragments of
DNA. the test might yield “false
posttives™ If laboratory dishes
should become contaminated with
DNA from other experiments. And
with AIDS testing, cautfons Dr.
Robert C. Gallo, head of the tumor
cell biology laboratory at the Na-
tional Cancer Institute. PCR could
pick up stray, damaged portions
of AIDS virus in somebody who
did not carry the whole virus.
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DNA Thermal Cycler performs duplicating process automatically.
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There s also the possibility.
others note. of faise negatives. Be-
cause only a small sample of cir-
culating blood {s drawn for test-
{ing. AlDS-infected celis hiding {n
the liver, spieen or brain. for in-
stance, might not be in the sam-
ple.

Desptte such caveats. PCR's
popularity is soaring. The techinol-
ogy has been patented only since
July, and an $8.500 “DNA ther-
mal Cycler” machine that per-
forms the process automaticaily
has beent on the market only nine
months. through a joint venture
with Perkin-Elmer Corp.. of Nor-
walk. Conn. But already the {irm
has 1,000 orders and a two-month
walting Hst. And 70 firms want li-
censes 10 use PCR technology for
profit.

Untif PCR came along,. looking
for a particular bit of DNA - per-
haps a stretch containing a mu-
tant gene. perhaps a stretch con-
taining pteces of the AIDS virus -
was like looking for a needle in a
haystack. says Cetus sclentist
John Saiasky. noting that some-
times only one cell In a milllon is
{nfected.

With PCR. researchers not
only find that needle, but produce
millions of copies of it in hours.
making a haystack of needies.

With AIDS, the body makes
antibodies only while the virus is
active and “exposing” Itself to the
immune system. PCR. however.
can detect hidden. inactive virus
because it searches out the nuclete
acid butiding blocks of viral DNA.

Simtiarly. in searching for dis-
ease-causing genes, PCR can am-
piify a segment of DNA that might
copitain these genes. providing
ample materfal ~ quickly - on
which to use more conventlonal
tests for genetic defects.

The way it works

Essentlally. PCR works like
this. Researchers first take a {rag-
ment of DNA ~ from blood or hair
or semen. etc. - and boil or “dena~
ture” it, a process that separates
the doubled-stranded DNA into

g single strands. The strands.

strings of chemical units known
as nucleotide bases, are chemical-
ly complementary. meaning that
a nucieotide on one automatically
pairs with a particular nucieotide
on the other strand. The two
strands then lie head-to-toe, like
nestling worms. :

Next, researchers add two
primers ~ synthetic bits of DNA
that search out and chemicaily
bond to a particular pattern of nu-
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cleotide bases along each strand of
DNA. One primer binds to one
DNA strand. one to the other
strand. Each primer carries a
“start” signal that tells the DNA
to begin copying itsell, taking ad-
vantage of DNA's natural ability
to replicate.

This copying ts greatly boosted
by an enzyme called a DNA poly-
merase. which hooks onto the end
of the primer. The enzyme used in
the Cetus technology - the key to
the whole process ~ is made by
bacteria called thermus aquaticus
{TAQ] that live in places like Yei-
lowstone’s hot springs. Unlike
other enzymes. TAQ can with-
stand the heating and cooling re-
quired for PCR.

The first PCR reaction yields
two identical doubled-strand
stretches of DNA. the second
vields four. the next. eight. and so
on. As long as the initfal quanti-
ties of primer and polymerase are
suffictent. the process is self-re-
peating, each cycle yielding twice
as much DNA as the cycle before.
Thirty cycles yield more than a
million copies.

Because each cycle in the chaln
reaction uses as a template the
DNA with fixed end polints
{marked by the primersi created in
the preceeding cycle. from the sec-
ond cycle onward only the target
area between the primers actually
gets duplicated exponentially.

« The resuiting batch of DNA
consists of discrete pieces of DNA,
all identical copies of the target
area. With this abundance of
DNA. conventional tests can be
used to answer rescarchers’ ques-
tions: Does the target area contatn
pieces of the AIDS virus. does it
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contain disease-causing genes, do
the genes match match those of a
eriminal suspect? o

Comrceived four years ago by
Kary Mullls at Cetus, the PCR
technology is already in use at
Johns Hopkins for prenatal diag-
nasts of sickle cell anemia and
beta thalessemia, and is coming
into routine use at other mafor
medical centers.

The technology. says Eriich of
Cetus, will also give more prect-
sion to tissue-typing. the match-
ing of donor and recipient tissues
for to organ transplants. "it's also
stmpler. so it will be cheaper.” he
adds.

Dr. David L. Vaile of Hopkins
calls PCR “the biggest technologi-
cal development in recent vears™
for genetictsts and molecutar bl-
ologists. In the last vear, adds
Hopkins geneticist Victor McKu-
sick. it has been toidentify a num-
ber of mutations in the gene that
causes hemophilia. a bleeding dis-
order. .

And combined with conven-
tional technology. says McKu-
sick’s colieague. Alan Scott. PCR
could make greatly aid efforts to
map the human genome, an ambi-
tious project to identify and locate
precisely all the genes on human

‘chromosomes. The technology. he

says. will make the work go 10
times faster, and more tmportant-
ly, allow it be automated. With
PCR. you can do a day what woulid
normally take a week,”

. In fact. he says. the uses for the
technology are so broad that sci-
entists “joke that PCR stands for
‘People’s Choice Reaction. Every-
body's trying to use this for all
things.”
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Orienting Inserts in Recombinant
DNA Molecules by PCR

Ronald F. Thomas. Ph.D. and John E. Newbold, Ph.D.
Department of Microbtology and Immunology
University of North Curoling
Chapel Hill, NC 27599

he generation of recom-
l birant DNA melecules is

widespread in current
molecular studies. Clones and lib-
raries of clones are commonly pro-
duced. and test fragments of DNA
are often inserted into a variety of
vectors for subsequent expression
or assays relating to gene regulation. When either
blunt-end ligation or ligation into a single restriction
site is carried out. there is typically a need 1o deter-
smine the odentation of the DNA insert. Furthermore,
one needs to verify that the molecules are recombi-
nant and do not represent recircularized parent vector
molecules, Traditionally, these determinations had o
be made by sequencing or by restriction map
analysis. PCR. however, offers a rapid and simple
method for obuining this informatiod with both
single-stranded and double-stranded recombinant
molecules. In the case of the commonly used single-
stranded vector. M13, PCR can be carried out directly
on the phage following lysis of the virion. Double-
stranded DNA molecules such as the M13 replicative
form and the many prokaryotic and eukaryotic clon-
ing vectors can be subjected to PCR after a small-
. =scale DNA preparation (i.e., mini-preps).

he amplification protocol is essendally the same

for both single- and double-stranded molecules.
with primer selection being the key consideration.
Consider the question of determining the orientation
of small inserss with possible enhancer activity in an
appropriate CAT plasmid. A pair of reactions is set up
(Figure 1. A and B) with each reaction containing a
first primer that will anneal to one swand of the

parent vector at a convenient distance from the clon-
ing site. In reaction A, the second primer used is one
thar will anneal 1o the coding strand of the insert,
again at a convenient distance from the cloning site.
Reaction B receives a second primer that will anneal
to the complementary strand of the insert. When the
continued on Page 3
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