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As molecular biologists know, the popular

methods to identify gene functionality are labor-

intensive. They normally require isolating, storing
and characterizing each creatéd mutant individu-
ally, an arduous process when you are characteriz-

,ing numerous mutants. Due to.an original proce-

dure invented by Dr. Patrick Brown, an associate
professorand HHMI investigator in Stanford’s bio-

chemistry department and Dr. Victoria Smith, a -

former post-doctoral fellow at Stanford now work-
ing at Genentech, this process may have just gotten:

) eas1er

Genetic footprmtlng isafast, hlgh throughput
method for analyzing gene functionality in micro-

_organisms and for high-resolution genetic dissec-
' tion of any cloned gene.

between this and other methods is that genetic

footprinting allows mutations to be made, and

their consequences for gene function determined,

- many thousands at a time'rather than one at a time.

“Instead of making each mutantand analyzing
it independently, you make the mutants and ana-

The critical difference

'Genehc Fnotpnnhng Maklng Its Mark

lyze them in parailel,” said Rachel Crowley, the
graduate student currently working with Brown
on genetic footprinting applications. “It has the

‘potential to give you alot more information.”

“We’re not crlppled by our’assumptions,”
added Smith. “With this. method one doesn’t have
to pick out the certain gene you think might code
for something.” Instead, all of the possibilities are
examined.

Two applications

The genetic footprinting strategy can be ap-
plied in two distinct ways to attack two different
experimental problems. The first procedure was

- developed by Smith and Brown to determine the ‘

functions of.all of the thousands of genes in the

genome of a microorganism. The entire genome is

subjected to the genetic footprinting process.
Using this method, Smith and Brown exam-

" ined the biological roles of virtually every gene on

one specific chromosome of Brewer’s yeast (Sci-
Continued on page 2

OTL's Homepage Gets a Facelift and Adds Snme Features

With all the places to visit on the Internet these

' déys just going online and doing a search can be

daunting. However, OTL would like to persuéde
readers to visit its revamped web site at
www.stanford.edu/group/OTL, which will help
all those associated with or interested in OTL to
understand and explore our office further.

At the homepage, users can select from the
choices listed in Fig. 1. OTL’s homepage naturally .

contains the basics, including descriptions of the
office and staff, frequently asked questions, and
directions to the office.

Trusty old Brainstorm is also now located on
the web site. Back issues from the Winter of 1993 to
Summer of 1997 will soon be accessible.

“One of the most recent web site options is the
“Featured Technology” category. “Featured Tech-
nology” highlights hot new technologies looking
for a home. OTL will norrnally feature a new

: Continued on page 4

*AbouttheOffice

*RevenueChart

*FAQ . '

*OTLStaff

*JobOpportunities
*Brainstorm-The OTL. Newsletter
sFeatumredTechnology
sCorporateUserinfo
sUniversityUserinfo .
*Entreprenewrialinformation
*Technology Transfer
*Sondius-XG® .
*SubmitDisclosuresHiere!

v SearchﬁleAvaild:IeTedmologl&sDatabm

Fig. 1 - The OTL homepage nvenu. [ust type in our address

(www.stanford.edu/group/ OTL) into your internet
browser and bookmark it for.festure use! Note that our
available technologies section 10w has a search engine. .
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| being used and perfected by Brown, Crowley

“bance of each part of the cloned gene or gene

Genelic Foolprinting...

Continued from page 1

ence, Smith et al.,, Vol. 274, pp. 2069-2074,

Dec. 20, 1996). Continuing work in Dr.

Brown’s laboratory is extending this analy-

sisto every gene in the entire genome of this

organism. ,
The second apphcatmn that is currently |

and Ila Singh relates to understanding in
detail how each tiny part of a gene affects the
function of that gene or the gene product
(Proc. Natl. Acad. Sci, USA, Singh-etal., Vol.
94. pp. 1304-1309, Feb. 1997).

The second procedure has two separate’
uses. One is to determine how the distur- ||

fragment affects any aspect of the gene’s
function. This is done by making and ana-
lyzinga comprehensive setof different, small
local changes in the gene’s sequence.

The other use begins with inserting gene
fragments with known functions at every
possible position into another gene. The
molecular biologist then sees if any of the
products both retain the function of the origi~
nal gene while acquiring the properties
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OTL’s Big 5-0 festivities, held September 3,1997,in Alumnae vae at
Stanford, was a rousing time complete with music, a video, terrific food -
and new and old friends. The Big 5-0 wasin celebration of OTL achieving
a year-end income of over $50 million (see page 4 for the figures). ,

‘Gary Leuenberger,owner of Enchanter Productions, pleased thecrowd
with his musical talent. His instruments included keyboards, a breath

‘controller and the Yamaha VL 70M Physical Modeling box which incor-
porates Sondius-XG™ techaoiogy (see Brainstorm, Summer1997), With
these instruments, Gary provided music which included synthesized

brought to the gene by the inserted fragment.

The procedure

Both apphﬁatmns have sxmxlar procedural steps

- The first involves insertional mutagenesis: intro-

duction of a specific DNA into random sites in the
targeted gene of interest, or into the entire genome
of the microorganism being studied. The resultis a
library of mutant DNA molecules in the first appli-
cation noted above and a population of cells har-
boring different insertion mutatmns in their ge~
nomes in the second case.

The mutagenized DNA molecules or mutam,

ceﬁs from above are then subjected to one or more

- selective conditions, .a process called functional

selection. Functional selection determines whether

~any of the mutations affect the function of the gene

or fitness of the cell.
An example of functional selection for genetic

footprinting ana}ym% of the entire genome of a
" microorganism is the growth of cells in a'tnedium

lacking a nutrient required for cell survival. Cells
that contain intact versions of the genes which
synthesize the missing nutrient will survive and

grow. In contrast, cells containing disrupted ver--
sions of these genes will fail to grow. The next step

is to zdemxfy the genes which had a role in cell
fitness during the sefection..

Polymerase Chain Reaction (PCR) is used to
identify where the mutations were made. Specific

PCR pmductcs wrrespﬁndmg tothe pamtions of the
mutations in the targeted gene after selection (se-
- lected population) and the positions of mutations

in each gene before selection (unselected popula-

tion) are compared by gel electrophoresis.
Gelelectrophoresis showsa number of “bands,”

each band representing a position where the gene

- sequence was disrupted by a mutation. The posi- -

tion and intensity of the bands indicates the loca-
tion of each mutation and its abundance in the
population, respectively.

‘The “footprint” shows itself as any missing

bands on the gel. The presence of a band for the

unselected populationbutnot for the selected popu-
lation infers that this mutation diminished the
gene’sability to make the necessary gene product(s)
for survival.

Idea conception
Theidea for thismethod was planted in Brown’s

mind when he was working on retroviral integra-
tion. In 1991, Peter Pryciak, a graduate student in

Harold Varmus” laboratory, was studying where

retroviruses integrate into the host genome.
Pryciak found that not all sites in the genome
were used equally as targets for retroviral integra-
tion in living cells. Brown noted that the distribu-
tion of integration events that were uitlmateiy re-
covered might also reflect anathet factor. Some of

these integrations might disrupt features of the
target DNA site that were essential for its replica-
tion, resulting in a lower recovery of thoae DNA
molecule, according to Brown.

“It occurred to me that this would be useful for
acompletely different application,” said Brown. In :
other words, if it was applied to functional analysis.
of genes. Brown and his wife, geneticist Sue
Klapholz, MD, PhD, began testing Brown’s hypoth-
esis at night in the laboratory, :

A year after starting these experiments, Dr.
Victoria Smith joined Brown's lab to aid him in his
search. The first successful test of the method was
performed by Smith in January, 1993. In a pilot *| -
experimentanalyzing abouta dozengenesin Baker's
yeast, Smith saw the genetic fm:aiprmts she was
looking for. ,

“We needed it not just to work, but to work
robustly,” said Smith. From their first set of data,
Brownand Smith knew they had struck gold. Com-
paring Smith’s results with established results for
this set of well-characterized genes %hewed flaw-
less preczswn :

Future directions

Besidesbeing blghlv sensitive and accurate, the
genetic footprinting procedure is also simple to
implement in most well-equipped molecular ge-

Continued on page 4

drum, flute, guitar and saxophone sounds. Overheard was the comment

- “I read about Sondxus~XGW in the O’I‘L newsletter, but 1 had no xdea how

;”

amazing it is!
Also for emerf:amment OTL shawed anew Vld@ﬁ about the C}ffme entztied

- Connections. The video was produced by the Stanford Center for Professional

Development (SCPD) and is being used to help introduce mventom, mdmtry
personnel and other interested parties to OTL.

However, the main entertainment was' ccmversatwn Im'entor&; Iawyers,
patent agents, associates and’ OTLers all converged to enjoy the beautiful
weatherand one anothers” company fora momentous occasion in O’T L hwmr}r

Thank you for joining us in our ceiebraﬁon* & :
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OTL's Homepage Gels a Facelift...

Continued from page 1

techno]ogy in this section every month.
“Corporate User Info” describes many of the poss1b1e interactionsbetween

Stanford and industry. "You can even see what OTL’s boilerplate license

- agreements look like.

For the University members of the audience, the next category onthe menu
will be of interest. This section includes information on the OTL Graduate
Fellowship Fund, the OTL Research Incentive Fund, the patent process,
Stanford policies associated with technology transfer, a marketing abstract
- example and much more.

Genetlic Foolprinting...

Continued from page 3

netics laboratories, relying on PCR, DNA sequenc-
ing gels, and transposons or a transposase en-
zymes. “All of the tools are there,” said Smith.

A patent on the process issued in March of this
year as U.S. Patent Number 5,612,180.

So why haven’t the biotechnology companies
been breaking down OTL’s doors to license the
technology? As Smith, Brown and Crowley all
commented, it is often difficult to change mindsets

The marketing abstract example is of particular note. OTL

encourages inventors to be more involved in the marketing of their

“inventions. Besides discussing possible industry interests with the

Associate handling the invention, OTL would like to elicit the aid of

the inventors to write the abstract for the marketing letters. Inven-

- tors know their technology best and therefore can write more
succinct and comprehensive description.

"Entrepreneurial Information” is a page of links to sites to help
Stanford’s many budding entrepreneurs. OTL would like to help
companies developing from the Stanford community and hope this
site will be of assistance. )

“Technology Transfer” is a page of links to other Universities,

OTL Fiscal Year 1996-37
~ " (Preliminary Figures)

Total Income: $38.5 M
" New Licenses: 31
All Other Technologies:
Total Income: $13.3 M
New Licenses: 122

and long prac-
ticed procedures.
| “People are still

skeptical,” said
Total Income: $51.8 Million (M) Crowley, “and
Cohen-Boyer DNA Patents: they’renot used to

thinking about
the advantages of
looking at hun-
dreds or thou-
sands of different
mutants in paral-

research centers, patent information sites, and technology transfer Companies i.n which Stanford lel.”
information sites. took equity: 8 Brown hasa posi-
Now linked to our siteis the Sondius-XG™ homepage. Thislink | D1str1but10n tive outlook for

will transport the user-to Sondius- XG™ land, the future in sound
synthesis. -

Invention disclosures can now be submitted online, but to
.ensure the security of the information being transmitted, the submit-
ter must have a Stanford SUNet ID. This electronic submission has
been added to ease the disclosure process for our inventors and to
facilitate the transfer of information to the OTL database.

OTL Budget: $1.8 M

Other Institutions: $17.9 M
SU Departments: $8.5 M
SU Schools: $8.4 M

‘the future of the.
genetic  foot-
printing proce-
“dure, due in part

, Inventors: $7.6 M toits key features:
' L it's f isi

Research Incentive Fund: $3.7M | ° ast, easily

_ . ' implemented and

Last on thelistis “Search the Available Technologies Database.” —
‘Though this database has been up and running for a while, a new searchengine
has recently been added that will facilitate finding particular techmnologies that
are available for licensing from Stanford.

OTL currently has descriptions of many of its available technologles
- located in the online database. However, please contact OTL if the search does

not prove fruitful. Some technologies have not yet been released to the web..

The database is updated daily.
Please contact Mary Watanabe at mary@otlmail.stanford.edu with any
comments or-insights on our reformatted and updated homepage. &

than other methods.

more thorough

“] believe that once thé key reagent - the
transposase or integrase enzyme - becomes widely-
available,” said Brown, “genetic footprinting will
become the method of choice forrapidly dissecting
the functional organization of cloned genes.”

For more information on genetic footprinting,
please contact Jessica Smith at (650) 723-1586 or
jessica@otlmail.stanford.edu. #
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