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Yet electroplating does not work on

silicon either. So the researchers used -
-~ wet-chemistry techmques to depos1t
nickel or titanium on the floor as a seed .

layer for zinc to stick to during electro-
platinig. Growing zinc in'a uniform man-
ner so that there were not small moun-

" tains of zinc in some.places and none -

elsewhere required laborious trial and

_error by fiddling with temperatures,

electric current and concentrations of
chemicals. “Looking back, 'm surprised
it took only a year,” Simon remarks.
After the scientists had a prototype
working, they began to talk to potential
customers. These discussions triggered a

radical revat_mping of the battery. The ini-

S A nanomembrane separeted the electrolyte
lmm the eleetmdes ina later battery dGSIgH

tial design - was a sandwich], with the
cathode on top, the zinc chloride electro-
lyte solution in the mlddle, the nanograss

-under-it-and the anode on the _bo.ttem.
- Officials at the U.S. Army Research Lab- -

oratory in Adelphi, Md., expressed con-
cern about how constant contict be-
tween the electrolyte and any electrode
could result in unwanted chemical reac-
tions. After the redesign, electrolyfe now
rests on top, the anode and cathode com-
pounds occupy physically. separated
patches on the bottom, and a ranosili-

con barrier is suspended in between, -
which, when activated, enables the elec-

trolyte to penetrate and immetse the
electrodes, , :
The team 0r1gmally used nanoplllars
to separate the electrolyte from the an-
ode because the pillar took up the least

. amount of space, allowing more surface

area for chemical reactions between
those electrodes. But the difficulty of
manufacturing the nanopillar battery
design prompted researchers instead to -

‘develop a nanohoneycomb membrane to

isolate the electrolyte from the electrodes.

Creation of the electrowetting mem-
\branie, with pores 20 microns across and
‘hm fragile walls 600 naniometers wide,

lgs also a challenge. First the scientists
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used a plasma to etch the delicate honey-
comb structure from wafers of silicon™

covered-in silicon dioxide. Then theyi,'
grew silicon dioxide.on the bare silicon

walls of_‘the pores in furnaces heated to
1,000 degrees Celsius and suffused with
oxygen. Finally, they coated the entlre

‘honeycomb with fluorocarbor.

The researchers developed their ﬁrst

rede51gned samples. in October 2005 ’
One 'of the great advantages of the sys-
. tem is that it now helps the team avoid

having to laboriously find the exact con-
ditions required to grow a uniform an-
ode layer amid a forest of nanopillars

every time it wants to try out a new an-
'o_de—cathode c_ombination. Instead the '.

*scientists can simply lie the electrode
" patchés down on otherwise featureless

surfaces. At the same time, the experi-
-ence they gained in electroplating should-

make créating the patches far easier, Si-

mon notes. Bell Labs and mPhase are
--currently collaborating with Rutgers' -

University on incorporating the kind of

lithium-based battery chemistries found

in digital cameras and cellular phones.
The nanobattery might also allow for

" a mote environmentally friendly power
‘source that includes compoundsthat can
entomb the electrolyte. “That would -
keep it from leaching into the ground or, -

if soldiers got shot, would keep the bat-
tery from leaking ail over them,” Kru-

--penkin says. Plastic nanostructures’

might also be used in placeof employing

silicon, Simon adds, potentially paving

the way for flexible nanobattenes

. The scientists are not seekmg to re-
_ place dlsposable batter1es, since mass

production of those “Is € _r_actlens _
-of cents per AA’ bat ery,” Ki‘li]_iie'hkin

. Instéad-they are- targetmg more
spec:allzed applications, such as sensors

- dropped from military aircraft that may
“ have to use their radio transmitters just

once or twice in their [ifetimes, to signal

 the presence of intruders, for instance,

or toxins or radiation. “If the Sensor sees

nothmg interesting;, it has nothing to

trahsmit, but if it does, it needs a lot of

 power,” Krupenkin-explains. Alterna-

tively, devices monitoring environmen-

tal change could use that extra juice to

transmit over larger d1stances, thereby ,
cutting down on the number of sensors
needed Emergency reserve battenes

: m1ght also be 1ncorp0rated into medical

implants, cell phones or rad1o transmit-
tmg pet collars.’ _
= The tearn has con51dered a recharge-

~able version of their device. A pulse of

current could run through a depleted

.nanobattery, causing the surface on
~which the electrolyte rests to heat. That

'could evaporate a tiny layer of the l1qu1d

: forcmg the droplet to jump up back on

top of the nanostructure, “In prmqple,
it’s possible. In practice, it’s really far

'otit Krupenkin cautions. For instance,

mPhase expects to get product samples

‘to poteritial first adopters in two to three
.years, Ananobattery would demonstrate

how power sources are finally beginning
‘to keep-pace with the revolution in min-

" iaturization that has driven the rest of

the electron'ics indu‘stry for decades.- :

‘Cbarles _Q Choiisa frequent

contﬂbutor to Sc1ent1ﬁc Amerlcan

JORE T0 EXPLORE A

‘From Rolling Ball to Complete Wetting: The Dynamic Tunirig of Liguids on ’Neﬁ:oetr'uctyréd '
Surfaces. T.N. Krupenkin,J. A. Taylor, T.M. Schneider and S. Yangm Langmu:r, Vol 20,

pages 3824-3827; May 11,2004.

. com/vudeo/mphase mov

. Afilm aboutf one phase ofdevelopment of the nanobatterg is ava|lab|e atw www mphasetech

A Novel Battery Architecture Basad on Superhgdruphnbic Nanostructured Matenals

B A:Lifton and S. Simon. www.mphiasetech, com/nanohattery._ archltecture pdf:" .
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Patents on ONA have not caused the severe disruption of biomedical research

” Bg Garg Stlx

here is a gene in your body S cells that playsa key role in early spinal cord devel-
opment. It belongs to Harvard University. Another gene makes the protein that
he hepat1t1s A virus uses to-attach to cells; the U.S. Department of Health and
' Human Serv1ces holds the patent on that Incyte Corporation, based in Wil-

S mmgton, Del., has patented the gene of a receptor for histamine, the compound released

by cells dur1ng the hay fever season. About half of all the genes known to be involved i in

“cancer are patented

- Human cells carry nearly 24,000 genes that constitute the blueprint for the 100 tril-
lion cells of our body As of the mlddle of last year, the U.S. Patent and Trademark Office

had issued atents to corporations, universities, government agencies and nonprofit -
P P s g g p
groups for. nearlyz 20 percent of the human genome. To be more precise, 4,382 of the -

23,688 genes stored in the Natjonal Center for Biotechnology Information’s database are
tagged with at least one patent, according to a study published in the October 14, 2005,
Science by Fiona gMurray and Kyle L. Jensen of the Massachusetts Institute of Technol-
ogy. Incyte alone own's neatly 10 percent of all human genes.

The survey of the gene database confirmed that the patenting of life is today well es-
tablished. Yet it still strikes a lot of people as bizarre, unnatural and worrisome. “How

can you patent my. genes”’ is often the first question that comes up. How can someone

own property rights on a type of mouse or fish when nature, not humans, “invented” its
genes? What happens to the openness of scientific research if half of all known cancer

genes are patented? Does that mean that researchers must spend more time fighting in

the courts than looking for a cure?

- Ethicists, judges, scientists and patent examiners continue to immerse themselves in -

these debates, which will only grow more acute in a new era of personalized medicine

and of genomics and proteomics research that examines the activities of many different -
genes or proteins at the same time. Doctors will rely increasingly on patented tests that -
let clinicians match genetically profiled patients with the best drugs. Investigators are

already assessing the functioning of whole genomes. Potentially, many of the biological
molecules deployed in these complex studies could come burdened with licensing stipula-

tions that would prevent research leadmg to new therap1es or that would fuel the nation’s

already robust health care 1nﬂat10n

Angthlng undertheSun -

THE QUESTION of “who owns life” has been asked before. But, the M I.T. researchers
taking stock of the intersection of intellectual property and molecular biology came fit- -

t1ngly at the 25th anniversary of a- landmark decision by the U.S. Supreme Court that
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held that hvmg thmgs are patentable—uas long as they incor-

porate humani 1ntervent10n—m essence, that they are “made”

' by humans. :

. Ananda M. Chakrabarty, a General Electric engmeer
filed for a patentin 1972 ona smgle strain of a Pseudomonas
bacterium that could bréak down oil slicks more efficiently
than if a bioremediation specialist deployed multiple strains

for the task. Chakrabarey did not create his strain by what s

usually meant by genetic engineering—in fact, recombinant
DNA splicing methods were not invented until thc year of his
filing. Instead he tinkered with the bacterium in a more clas-
-sical way and coaxed it to accept plasmids (rings of DNA)

from other strains with the desired properties. The patent of-

fice re}ected Chakrabarty’s appllcanon, saying that “products
of nature” that are “live organisms” cannot be patented

By the time the Supreme Court decided to héar the appeal '
-+ of the case in 1980, the landscape of molecular blology was.

~changing radically. The splicing of DNA from one organism

to another had become coramonplace. A new firm called Am-

gen had formed that year to take advantage of the nascent
. technology of cutting and pasting DNA. A paper had just ap-
peared detailing how.recombinant methods had been used to
synthesme_mterferon. Stanley Cohen and Herbert Boyer re-

ceived a patent on a key technology for manjpulating DNA.

Technological boosterism was in the air. Congress passed the
Bayh-Dole Act, which allows universities to engage in exclu-
sive licensing agreements for technology they have patented.
‘The Stevenson-Wydler Act let the National Instltutes of
‘Health and other federal agencies do the same.
The Supreme Court justices received frlend-of-the court
briefs arguing both for and against granting the claims in the
. Chakrabarty patent. Groups ranging from Genentech to the

Regents of the Un1vers1ty of California urged that the patent -

application be granted, citing benefits for pharmaceutical devel-

opment, envirorimental remediation and new sources of energy,

to name a few. The Peoples Business Commission, co-directed

by activist Jeremy Rirf‘kih, decried the commodification of lif¢ B

and described environmental disasters in the offing. .~

. PB SCIENTIFIC AMERICAN -+ *

" Inthe majority opmlon Chief Justice Warren Burger waved

awa}' the objections to patenting life as irrelevant, saying that -
" “anything under the sun that is made by man” could be pat-

ented. The only question for the court was whether the bacte-
rium was a “product of nature” or 2 human invention, “Ein-
stein could not patent his celebrated law that E = me¢

2, nor could

Newton, have patented the law of gravity,” ‘the opinion ac-
knowledged. But as a “product of human ingenuity,” Chakra-

barty’s engincered bacterium was different. Dismissing Rifkin’s

“sruesome parade of horribles,” the court suggesféd that it was
incapable of standing in the way of progress, “The large amount
of research that has already occurred when no researcher had

.. sure knowledge that patent protection would be ava;lable sug-

" FEBRUARY 2006, -
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The Supreme Court
rules that Ananda
Chakrabarty's
bacteriumisnota
“product of nature”
andsocanbe
- ‘patented; utper
Ilvmgthmgs
“made by man®
Aaredeciared-:: ¢
patentable aswell'- :

" Human'chromosomes " DNAsequencing -

_‘:1996 IR R .
Both public- and prlvate -sector scientists
from all over the world involved in DNA
'sequencmgpassaresolutlon—-the o
_Bermuda Rules—that states that “alf

1990_ PR I

. Anafida Chakrabarty The Hu_man Gennme Prolect :

Congress passes the Bagh Dole Act

“1988

~ [the Patent and Trademark Laws - _
Harvard Umve

Amendment] Wthh allows un|ver5|t|es
to entetinto excluswe licensing for
the1r1nteliectualpropertg '

: tual property Noncommefaal research in thelr Vlew, receives

_anexemption. Yeta 2002 case decided hy the CAFC—Madey

. Dukewdisabused uiiversities and other nonproﬁt institu-

 tions of any notion of special'status. The court decided that
“noncommercial research furthers the “legmmate businéss ob-

jectives” of a university, and so-both research tools and mate- -
rlals, which would include DNA, do not meritan exemption..

(An exemption does exist for rescarch that i SpeClﬁC to prepar—
| ingdn apphcatmn to'file for a new druig.)

Patent holders generally have little inferést in beatmg dovm :

%ab doors to track down infringers. In the wake of the Madey

decision, the level of notification from patent owners. has picked
* up a bit, according to the NAS survey, but this increase hasnot
caused major disruption. A growing awareness of the absence

_ofan exemption, however, could lead to a mote restrictive re-
- search environment, which is why the NAS panel recornmended

that Congress put in place a statutory research eXemptlon
‘Major mtellectual-property hurdies may begin to appear as

genomics and proteomlcs—ﬁelds in which many genes or pro-

teins are studled together—reaeh maturation. “The burden on

‘the investigator to obtain rightsto, the intéllectual property

covering thesé génes or proteins ¢ould become insupportable,
_ depending on how broadthe scope of claims is and how patent
. holders respond to potentlal mfnngers,” 'the NAS panel
' remarked :

‘- Genoimics and proteemms are only startmg to'bear fru1t in
- the forin of medical’ dlagnostlcs and drugs. “You really get
o ownership issues coming up when things get closer to market,”
says BarbgraA
gene -chip ¢company that has opposed DNA patenting becailse
siticouldimpede ‘réséarch-with its products.

 Already, Caulfield says, examples of patents with a very
" broad’ §

it is using to seek l1cens1r1g arrangements from both compa-

nies and universities that conduct research‘on the noncoding -

- '_ _pottion of the genome. The breadth of its patent§—covering

82 SCIENTIFIC AMERICAN *°

ltggetsapatentferthe : .
_DncoMouse, arodentWIthagenelnsertedthat o
predlsposes itto cancer :

-Caulfield, general counsel for Affymetrlx, the,

ope burden both industry and’ academia. Genetic .
Technologms Lid,, an Australian company, holds paténts that

methods of obtammg 1nformatlon from the approxlmately 95"
percent of the genome that is sometimes erroneously called
junk DNA~~would make most scientists rub. their- eyes. Ge-
netic Technologies, however, has already entered into licens-
ing arrangements with the likes of U.S. blotechnoiogy ‘giant’
Genzyme and Applera the parent of Celera and. Applied

Blosystems

: Keepmg the Ordre Pubhc

U.§. POLICYMAKERS and courts have;in. general taken a
no-holds:barred approach to the commercialization of new

" humiar genomlc sequence mformatlon,
generated by centersfunded fnrlarge- '
scalé human sequencmg should be™
freelg available and inthe publlc domain”

biotechnologies. Though often-debated by government advi- -

‘sory panels, ethical, phllosophu:al and social questions have

seldom-entered into actdal decision- making about whether to’
extend patent protection to:living things. In Chakrabarty, the
Supreme Court’ }llStlﬁBd its decision; inpart, by quoting the
statement of the first patent commissioner; Thomas ]efferson
that “ingenity should receivea liberal encouragemert.”

‘One of the obvious questions raised by the Chakrdbbrty
decision was, Where does patenting life stop? Doesit éxtend to -
creatures above the lowly Pseudomonas on'the phylogenetlc
tree? In 1988 eight years after Chakrabarty, the patent office

issued No, 4, 736,866, the patent for the Harvard OncoMouse, -

which Contalned a gene that prechsposed theanimal to contract
cancer, a valuable aid in researchmg the disease. The justifica--
tion fot grantmg the patent: could be traced directly to therea-

somng of the justices in Chikrabarty: the addition of the oncos -
_gene meant that this was 2 mouse “invented” byahuman.

- Not every country has handled the issue of patenting high-
er: Orgamsms with the same ufilitarian bent demonstrated by’
U.S. courts and bureaucrats. Much more recently, Canada

' reached an entirely different decision about the small mammal
with the extra gene. On appéal, the Supreme Court of Canada
' rejected the Harvard OncoMouse patent. In 2002 it decided

that the designation “composition of matter”—in essence, af

invented product that is eligible for patenting-shotld not ap-
pEy to the mouse. “The fact that ammal life forms have humet-

.FEBéUARYEDOB
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“ DAVID PARKER Photo Researchers, Inc. (DNA sequencing]
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“examiners—hasa
question of what

tried to patent fibers separated from the plant

PATENTING IF

The patent sgstem

ot cnu'rts and patent
gs‘wr‘estled with the
tlyan invention (and-
‘apatent) and what
mpt to expropriate S
al Iaw ormaterial: :
a reason for rejectlng' S

therefore dese
constitutes

’ =a.pp1|cant in thls case—Exparte Latrmer—had

and was turned dow

1930

‘The u.s. Congress passesthe Plant
~Patent Act, which allows the patentmg .
_of néw plant varieties that reproduce
a’sexuailg ‘

te4p
simply cnmbrnlng bacteria does hot”

~Seed Company V. Kalo lnoculanr
Company}

TSR
~ Cetus, the flrstblotech
. .nblogy cnmpang,opens
Lo Its doors.- :

mere act of. usmg that 1nf0rrnat10n in the cotirse of conductmg

_ sc1ent1ﬁc research tun the risk of mfrmgement?’ .
In response f0.50me of these pressuzes,.in 2001 the U. S
patent office mads finil new ‘guidelines that d1rected éxaminers

to look for “a speerﬁc and substantial utility” in granting bio-
technology patents It most other technologlcal pursuits, the
requirement thaf 4 patetit be useful is secondary to criteria such
as whether an invention is truly new, because most inventors
donot seek protecthI’l for worthless invertions. In the arena of

~ life patents, theé assessment of ‘an invention’s: usefulness has
becore a crucial ﬁlter to maintain a check on patent quality.

Designating a sequence of DNA srrnpfy asa gene probe or chro-

‘mosome marker 1500t enough to-meet the new rules.” . _
These changes have had an effect. So far only a small num-
ber of EST patents have been issued, according to the NAS. An

important affirmation’ of the patent office’s approach to weed-

'ing out useless and overIy broad patents came in a decision on
- September 7, 2003; by:the U.S. Court of Appeals for the Fed-

eral Circuit {CAFC), which hears appeals of patent cases. The

~ courtupheld the | patent office’s denial of Monsanto’s applica-

tion for a patent. er five plant ESTs that were not tied to a
given disease. The' patents would have amounted t6 “a hunting
license because the claimed ESTs can be used only to gain fur-
ther mformancm about the underlying genes, wrote federa[

7 crrcuit chief judge Paul ‘Michel.

- Data on the extent of a feared antrcommons have just be-

: _gun to emerge in. recent months. A survey performed as part -

of an NAS report- “Reaplng the Benefits of Genomic and Pro-
teomic Research,” released in mid-November 2005—rece1ved
responses from 65 5 randomly selected investigators.from uni-

' versities, governmeut laboratorles and industry.about the ef- .

fect of life patents on genomics, proteomics and drug develop-
mient research. The study found that only 8 percent of academ-

ics indicared that their research in the two years prior had

anything to do with patents held by others; 19 percent did not
know if their research overlapped; and 73 percent said that

they did not need’ to use others patents : “Thus for the time

www.scigmaeom - '

»

being, it appears that access to patents or information inputs §

into biomedical research rarely imposes.a srgnrﬁcant burden
for academic biomedical researchers,” the report concluded.”

ASupreme Court rulmg held that s L

. Count asaninvention (Funk Brothers -

'The number of patents actively belng sought has also de-

clined substantrally Patents referring to nucleic acids or close-
ly related terms peaked at about 4,500in 2001, according te

. arecent report inNature Bzotecbnology, and declined in four

subsequent years—a trend that may result, in part, from the

_patentoffice’s tightening of its utility requrrement [see box o
. opposite page]. : '

- Some of the. downturn may’ relate to the success of a de. -

facto open-source movemert in the biomedical sciences, akin

to the one for information technologies. In 1996 scientists from -

around the world in both the public and private sectors devised
‘What are referred to as the Bermuda Rules, which specify that .
all DNA sequence informationinvolved in the Human Genome

Project should be placed immediately into ‘the public domain.
Data sharing was later encouraged in other large-scale projects,
such as the Single Nucleotide Polymorphism Consortium,

which mapped genetic variation in the human genome. In some -

cases, researchérs have taken ont patents clefensivel}r to ensure

that 1o one else hoards the knowledge Both companies and .

public health groups involved with drseovermg and sequencing

the SARS virus are trying to form a “patent pool to. allow
nonexclusrve licensing of the SARS genome. :

+ This embrace of the public domdin torpedoed the 1dea Of

building a business on public information. Both Celera. Ge-
nomics and Incyte—two leaders in the genomics. field—re-
structuredin the early years of the new century to become drug

discovery companies. J. Craig Venter, who spearheaded the
private effort to sequence the human genome, left Celera: and

turned into an open critic. “Hrstory has proven those gene pat-

ents‘aren’t worth the paper they were written on, andthe only .

ones who made money off them were the patent attorneys, :

Venter eommented ata 2003 conference.

. A patent thicket that blocks basic research has also farled .

to. mater-la_hze because academics tend not to respect mtellec—
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An expressed sequence tag (EST) is a eequenoed segni'entVOf h
DNA only a few hundred nucleotides long located at one end’
-of a gene. It can be used as a probe torapidly fish out the full- -

‘ _-'length gene froma Chromosome Researchers started filing pat-

 ents on ‘ESTs—sometirmes by the hundreds They did so with-
~out really knovvmg What the ESTs in. questlon did: the'appli-

. cants often guessed at the blologlcai function of the gene
fragments by’ poklng through ptotetn and DNA databases.

remarked Bruce Alberts, former presxdent of the Natlonal
- "Academy of Sciences. - . : L

. The ]ustlﬁcauon for patentmg DNA sequences of unclear
- :functlon wis that these ESTs could serve as researchtools. Yet
this reason was prec;sely what concerned much of the scien-

- tific community. Owners of patents on EST probes might de-

“mand that researchers license these tools, adding expense and

red tape to medical researchand, posmbly impeding the devel

_:.opment of new diagnostics and therapeutics. _

~ Ina 1998 article in Science, Rebecca S. Eisenberg of the
“‘Umversnty of Michigan Law School and Michael A. ‘Heller,
“now at Columbia Law School, worried about the emergence
: :of an’ anncommons,” the antlthcms of the tradltlonal pool of

80 SCIENTIFICAMERICAN

-'commonkno'v'vled'ge"that'all’s’cienti'sts share freely. Those con-

cerns were heightened by the audacious scope of some of these
“applications, which staked out not only the ESTs but any.
-DNA that resides ad]acent to theni. Such z claim could trans-
late, in theory, mto granting property rights for an ennre'
" chromosome - : .
. . Buta further, more intellectual ob}ectlon to the concept of
these] patents was that the use of ESTs to pin down the location
“This inivolves very little effort and almost no originality,” once

of genes actually occurs in a database, not in a laboratory. The

value of ESTs exists more as information than as one of the. - -

- tangible processes machines, manufactures and composi-.

tions of matter” that are eligible for patenting. Abstract ideas
have traditionally been considered outside the realm of patent-

~ able subject matter, although a number of féderal court cases

have blurred this distinction during the past 10-years.
Allowing information to be patented would tend to under-

mine the balancing act thatis a: cornerstone of the Whole 5ys-
_tem. In exchange for a 20-year monopoly, the: patent apphcant
' misst disclose how to make an invention so that others can use

that knowledge to improve on existing technology But how

- doés the traditional quid pro quo work if the information

dlsclosed to others is the patented mformatlon 11:self> Does the
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gests thiat legislative or judicial fiat as to patentability will not
deter the scientific inind from probing into the unknowr any
more than Canute could command the tides,” Burger noted.
 After the close 5-4 ruling, mdustry and academia have
looked to the broad interpretation of pateitability in the’
Chakrabarty caseas justification for patenting not only genes
but other stuff of life, whole organisms and cells—including .
* stem cells—to give but an incomplete list. The carly patents
on genes followed closely in the tradition of patents on chem-

icals. Incyte does not actually own the rights to the gene for "
the histamine receptor in your body but only to an “isolated

" and purified” form ofit. (At times, patent examiners or courts

‘ have mvoked the U.s. Constltutlon s pI'Ohlblthl'l of slavery to _

www.sciamicam . -, -

explam why a patent cannot be Lssued onan actual human of
~on his or her body parts.} A patent on an isolated and cloned
~gene and the protein it produces grants the owner exclusive .
rights to market the prozein—say, insulin or human growth
hormone—ln the same way that a chemlcal manufacturer

mlght punfy a B v1tam1n and ﬁle for a patent ol 1t :

“Little Effort Less Orlgmalltg
BY THE. 19905 the inexorable pace of technologlcal devel-
opment had.overturned the status quo again, The hlgh—speed' _
sequencing technologies that emerged durmg that decade-~ .
which powered the Hurman Genome Pro]ectm—muddled the
sxmple analogy with chemlcal patentlng
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