To: Ken Oye, Jason Kelly

From: Hanna Breetz

Date: June 6, 2007

Re: Viability of patent review squad

This memo covers five topics:

1. Which applications get published, and when?

2. How many potentially relevant patent applications are published each week?

3. How much information do you need to gauge their relevance?

4. What options are available for setting up an automatic feed of applications?

5. Where does this monitoring get you?  What can you do if you find a ‘bad’ application?

Throughout the memo, I’ve tried to bold the important information so that you can skim it more easily.  The summary is as follows: Most publications are published online 18 months after filing, although an application may be withheld if the applicant requests non-publication or if the government sees it as a risk.  The volume for monitoring will depend on how ‘potentially relevant’ is defined.  If you search by patent classes, you could be looking at 100 applications or more a day.  If you search by keywords, it might be more like 1-2 applications a day.  There are trade-offs between these methods: since you’ll need to look at the specific claims in the applications (titles and abstracts cannot be relied on for gauging patent scope), it could be burdensome to skim large numbers of patents.  On the other hand, limiting your search by keyword runs the risk of missing some relevant applications.  And what can you do if you find a problematic patent application?  At present, there are extremely limited opportunities for commenting on applications under review.  There may be some leverage for social pressure within the scholarly community. I think it’s best, though, to think of monitoring as a strategy for keeping abreast of the patent landscape rather than a means of preventing ‘bad’ patents.

Hanna

1. Which applications get published, and when?

In general, patent applications are published 18 months after they are filed.  Specifically,  patent applications filed on or after 11/29/00 are published on the Thursday that falls 18 months after the earliest filing date claimed by the applicant (either the filing date of the application in question or an earlier related application)
. 

There are some notable exceptions:

· There is no publication of: provisional applications, reissue applications, design applications, abandoned applications, or applications that violate laws or contain offensive material.

· The application may be subject to a secrecy order, and therefore won’t be published, if the U.S. government sees it as a national security risk.

· Applicants can file a request to not publish their applications or request to have their applications published earlier (my hunch is that the motivation for early publishing is that, with publication, the invention sometimes gets considered prior art).

2. How many potentially relevant patent applications are published each day?

How do you determine the pool of patent applications to monitor?  I see two ways – by patent classification or by keywords.

Searching by patent class:

There are several patent classes that could be relevant to synthetic biology.

Table 1: Classes of patents for synthetic biology

	Class 
	Description

	290
	Prime Movers and Dynamos

	435
	Chemistry: Molecular Biology and Microbiology

	720
	Optical Systems and Drives

	800
	Multicellular Living Organisms or Parts


In this memo, I will focus on 435, Molecular Biology and Microbiology, since it seems to be the largest and most relevant class for synthetic biology.  Annually, this is the primary class assigned to 2500 patents
 and a secondary class for thousands more.  This class contains about a thousand subclasses.
  In order to get a sense of which ones are important, I’ve checked out the subclasses assigned to a handful of synthetic biology-related patents (Table 2).  This was exploratory rather than comprehensive; I basically just grabbed a couple of patents that have been mentioned in our working group and then searched for the names of a couple more prominent researchers.  The point of this exercise was to identify a handful of relevant subclasses and to get preliminary numbers on their patenting rates. 

Table 2: Patents and Subclasses Related to Synthetic Biology

	Inventor names
	Title
	Number of Patent or Application
	US classification 

	Keasling, et al.
	Biosynthesis of amorpha-4,11-diene
	7,192,751
	435/146 ; 435/183; 435/194; 435/232; 435/252.3; 435/320.1; 435/41; 536/23.2

	Keasling, et al.
	Method for enhancing production of isoprenoid compounds
	7,183,089
	435/167 ; 435/128; 435/166; 435/320.1; 435/488; 435/67; 514/44

	Keasling, et al.
	Biosynthesis of isopentenyl pyrophosphate
	7,172,886
	435/132 ; 435/183; 435/189; 435/194; 435/232; 435/252.3; 435/320.1; 536/23.2

	Keasling et al.
	Biosynthesis of isopentenyl pyrophosphate

[note: this is a new application that is different from the issued patent above]


	20070077616

(application)
	435/52; 435/117; 435/131; 435/157; 435/166; 435/167; 435/193; 435/252.3; 435/252.33; 435/471; 536/23.2

	Church et al. 
	Polynucleotide synthesis
	20060127920

(application)
	435/6; 435/287.2; 435/91.2

	Davies at al. 
	Genetic circuit inverting amplifier
	20050112615

(application)
	435/6; 330/207R


The classes that show up as primary in those patents (in bold above) have the following application rates:

Table 3: Application Rates for Select Patent Subclasses

	Class/Subclass
	Subclass title
	# Published applications for this subclass, 2001-2007
  

	435/6
	Involving nucleic acid
	22,060

	435/52
	Preparing compound containing a cyclopentanohydrophenanthrene nucleus; nor-, homo-, or D-ring lactone derivatives thereof
	35

	435/132
	Preparing oxygen-containing organic compound
	132

	435/146
	Containing hydroxy carboxylic acid
	24

	435/167
	Preparing hydrocarbon, only acyclic
	8


The key implication of this exercise is that searching by subclasses could leave you with a very large number of patent applications to review.  This small sample of subclasses accounts for roughly 100 patent applications a day. 
Searching by keyword:
Alternatively, you could search for patent applications by keywords.  Two months ago, I did a preliminary search on the USPTO website using keywords that I got from Scott Mohr.  I got the following results:

Table 4: Patent Applications by Keyword

	Keyword
	Patent Applications (2001-March 2007) with this keyword in the:

	
	Title
	Abstract

	Chimeric cell(s)
	3
	3

	Chimeric organism(s)
	0
	2

	Fluorescent protein
	61
	173

	Gene expression
	866
	1968

	Gene promoter
	61
	74

	Genetic circuit(s)
	3
	2

	Genetic engineering
	22
	221

	Genetic recombination
	1
	20

	Metabolic engineering
	9
	15

	Multicellular signaling
	0
	0

	Protein design
	21
	21

	Protein interaction
	50
	81

	Riboswitch(es)
	0
	1

	Signal transduction
	95
	548

	Synthetic biology
	0
	1

	Synthetic DNA
	11
	29

	Transcription control
	5
	15

	Transcriptional network
	0
	0

	Transgene expressions
	24
	65


These keywords account for about 1-2 patent applications each day, depending on whether you’re searching in the title or the abstract.   

3. What information do you need to gauge the importance of an application?

How easy is it to skim applications?  There are three levels of information that you can look to: titles, abstracts, and claims.  Although it could be time consuming, if you want to gauge the scope of a patent, you’ll need to understand the specific claims.

Titles are insufficient for monitoring the patent landscape.  Patent applications with alarmingly broad titles may only make specific claims.  Related patents may all be given the identical title (for example, a group from the California Institute of Technology has 7 patents and 4 applications with the same vague title:  “Apparatus and method for automated protein design”).   Titles alone are unreliable for gauging what the patent is really about.
Abstracts may not be enough, either, because they don’t always state what is protected by the patent.  For example, consider the following application.  The title raises a red flag.  The abstract better explains the device in question, but it doesn’t say how broad or narrow the patent is.  Reading the 19 specific claims is crucial for understanding this patent:

Table 5: Example of a Title, Abstract, and Claims of a Patent Application

	Title
	Riboswitches, methods for their use, and compositions for use with riboswitches 

(document number 20050053951)

	Abstract
	It has been discovered that certain natural mRNAs serve as metabolite-sensitive genetic switches wherein the RNA directly binds a small organic molecule. This binding process changes the conformation of the mRNA, which causes a change in gene expression by a variety of different mechanisms. Modified versions of these natural "riboswitches" (created by using various nucleic acid engineering strategies) can be employed as designer genetic switches that are controlled by specific effector compounds. Such effector compounds that activate a riboswitch are referred to herein as trigger molecules. The natural switches are targets for antibiotics and other small molecule therapies. In addition, the architecture of riboswitches allows actual pieces of the natural switches to be used to construct new non-immunogenic genetic control elements, for example the aptamer (molecular recognition) domain can be swapped with other non-natural aptamers (or otherwise modified) such that the new recognition domain causes genetic modulation with user-defined  effector compounds. The changed switches become part of a therapy regimen-turning on, or off, or regulating protein synthesis. Newly constructed genetic regulation networks can be applied in such areas as living biosensors, metabolic engineering of organisms, and in advanced forms of gene therapy treatments.

	Claims
	1. A regulatable gene expression construct comprising a nucleic acid molecule encoding an RNA comprising a riboswitch operably linked to a coding region, wherein the riboswitch regulates expression of the RNA,  wherein the riboswitch and coding region are heterologous. 

2. The construct of claim 1 wherein the riboswitch comprises an aptamer domain and an expression platform domain, wherein the aptamer domain and  the expression platform domain are heterologous. 

3. The construct of claim 1 wherein the riboswitch comprises an aptamer  domain and an expression platform domain, wherein the aptamer domain  comprises a P1 stem, wherein the P1 stem comprises an aptamer strand and  a control strand, wherein the expression platform domain comprises a  regulated strand, wherein the regulated strand, the control strand, or  both have been designed to form a stem structure 

4. A riboswitch, wherein the riboswitch is a non-natural derivative of a  naturally-occurring riboswitch. 

5. The riboswitch of claim 4 wherein the riboswitch comprises an aptamer  domain and an expression platform domain, wherein the aptamer domain and  the expression platform domain are heterologous. 

6. The riboswitch of claim 4 wherein the riboswitch is derived from a naturally-occuring guanine-responsive riboswitch, adenine-responsive  riboswitch, lysine-responsive riboswitch, thiamine  pyrophosphate-responsive riboswitch, adenosylcobalamin-responsive riboswitch, flavin mononucleotide-responsive riboswitch, or a  S-adenosylmethionine-responsive riboswitch. 

7. The riboswitch of claim 4 wherein the riboswitch is activated by a trigger molecule, wherein the riboswitch produces a signal when activated  by the trigger molecule. 

8. A method of detecting a compound of interest, the method comprising bringing into contact a sample and a riboswitch, wherein the riboswitch  is activated by the compound of interest, wherein the riboswitch produces  a signal when activated by the compound of interest, wherein the  riboswitch produces a signal when the sample contains the compound of  interest. 

9. The method of claim 8 wherein the riboswitch changes conformation when activated by the compound of interest, wherein the change in conformation  produces a signal via a conformation dependent label. 

10. The method of claim 8 wherein the riboswitch changes conformation when activated by the compound of interest, wherein the change in conformation  causes a change in expression of an RNA linked to the riboswitch, wherein  the change in expression produces a signal. 

11. The method of claim 10 wherein the signal is produced by a reporter protein expressed from the RNA linked to the riboswitch. 

12. A method of inhibiting gene expression, the method comprising bringing  into contact a compound and a cell, wherein the compound has the  structure 5wherein, when the compound is bound to a guanine-responsive  riboswitch, R.sub.7 serves as a hydrogen bond acceptor, R.sub.10 serves  as a hydrogen bond donor, R.sub.11 serves as a hydrogen bond acceptor,  R.sub.12 serves as a hydrogen bond donor, wherein R.sub.13 is H, H.sub.2  or is not present, wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5,  R.sub.6, R.sub.8, and R.sub.9 are each independently C, N, O, or S,  wherein each independently represent a single or double bond, wherein  the compound is not guanine, hypoxanthine, or xanthine, wherein the cell  comprises a gene encoding an RNA comprising a guanine-responsive riboswitch, wherein the compound inhibits expression of the gene by  binding to the guanine-responsive riboswitch. 

13. A method of inhibiting gene expression, the method comprising bringing  into contact a compound and a cell, wherein the compound has the  structure 6wherein, when the compound is bound to an adenine-responsive  riboswitch, R.sub.1, R.sub.3 and R.sub.7 serve as hydrogen bond  acceptors, and R.sub.10 and R.sub.11 serve as hydrogen bond donors,  wherein R.sub.12 is H, H.sub.2 or is not present, wherein R.sub.1,  R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, R.sub.8, and R.sub.9 are  each independently C, N, O, or S, wherein each independently represent a  single or double bond, wherein the compound is not adenine,  2,6-diaminopurine, or 2-amino purine, wherein the cell comprises a gene  encoding an RNA comprising an adenine-responsive riboswitch, wherein the  compound inhibits expression of the gene by binding to the  adenine-responsive riboswitch. 

14. A method of inhibiting gene expression, the method comprising bringing into contact a compound and a cell, wherein the compound has the  structure 7wherein R.sub.2 and R.sub.3 are each positively charged, wherein R.sub.1 is negatively charged, wherein R.sub.4 is C, N, O, or S,  wherein each independently represent a single or double bond, wherein  the compound is not lysine, wherein the cell comprises a gene encoding an  RNA comprising a lysine-responsive riboswitch, wherein the compound  inhibits expression of the gene by binding to the lysine-responsive  riboswitch. 

15. The method of claim 14 wherein R.sub.2 and R.sub.3 are each  NH.sub.3.sup.+ and wherein R.sub.1 is O.sup.-

16. A method of inhibiting gene expression, the method comprising bringing  into contact a compound and a cell, wherein the compound has the  structure 8wherein R.sub.1 is positively charged, wherein R.sub.2 and  R.sub.3 are each independently C, O, or S, wherein R.sub.4 is CH.sub.3,  NH.sub.2, OH, SH, H or not present, wherein R.sub.5 is CH.sub.3,  NH.sub.2, OH, SH, or H, wherein R.sub.6 is C or N, wherein each  independently represent a single or double bond, wherein the compound is  not TPP, TP or thiamine, wherein the cell comprises a gene encoding an  RNA comprising a thiamine pyrophosphate-responsive riboswitch, wherein  the compound inhibits expression of the gene by binding to the thiamine  pyrophosphate-responsive riboswitch. 

17. The method of claim 16 wherein R.sub.1 is phosphate, diphosphate or  triphosphate. 

18. A method comprising (a) testing a compound for inhibition of gene  expression of a gene encoding an RNA comprising a riboswitch, wherein the  inhibition is via the riboswitch, (b) inhibiting gene expression by  bringing into contact a cell and a compound that inhibited gene  expression in step (a), wherein the cell comprises a gene encoding an RNA  comprising a riboswitch, wherein the compound inhibits expression of the  gene by binding to the riboswitch.

19.  A method of identifying riboswitches, the method comprising assess  in-line spontaneous cleavage of an RNA molecule in the presence and  absence of a compound, wherein the RNA molecule is encoded by a gene  regulated by the compound, wherein a change in the pattern of in-line  spontaneous cleavage of the RNA molecule indicates a riboswitch.


The point of this exercise is to show that skimming a list of patent applications for relevance (to synthetic biology) or appropriateness (in terms of novelty, non-obviousness, etc.) is not as easy as reading through a feed of titles or abstracts.    

4. What options are available for setting up an automatic feed of applications?
There are at least three websites offering feeds of patent applications:

· Fresh Patents (http://www.freshpatents.com) lets you track patent applications by keyword. After signing up on the website and entering up to 20 keywords, you’ll receive a weekly email with patent application information. The service is free, and you can save a portfolio of patents on the website.

· Patent Lens (http://www.patentlens.com) lets you subscribe to an RSS feed for patent searches once you’ve conducted an initial search (on the results page is a button for RSS feeds).  You can subscribe to many searches of interest, although I don’t know if you can combine them in a single feed. 

· Free Patents Online (http://www.freepatentsonline.com/rssfeed/rssapp435.xml) offers a feed of patent applications by patent class.   

5. Where does this get you?  What can you do if you find a ‘bad’ application?
There seems to be significant potential for monitoring patent applications since most applications are published, keywords can narrow a search to a reasonable number, and there are easy methods for setting up a feed of applications.  You won’t be able to catch everything, given non-publication requests, secrecy orders, and the limitations of keyword searches, but you’d probably have a good sense of how the patent landscape is evolving. 


There is less potential, though, for using this monitoring to stop ‘bad’ patents.   The reason is that there are limited opportunities for influencing patent review.
  Rule 1.99 of the Code of Federal Regulations (37 CFR 1.99) allows third-party comment on patent applications only under the following conditions:  for a fee of $180, third parties can submit prior art to the USPTO within two months after an application is published.  Submissions must be “prior documents that are public information and which the Office would discover on its own with an ideal prior art search,” 
 including patents, applications, and journal articles.  Third parties cannot annotate these documents or include additional commentary or explanation.  They cannot demand that these materials be considered, and they receive no official response from the USPTO.   A patent squad may find this strategy useful against particularly aggregious and broad patent applications, especially since examiners may have trouble identifying prior art in this new and interdisciplinary area.  However, this is costly and time-consuming, and it comes with no promised results.  

In addition to this formal channel, there may be opportunities for informal influence within the scholarly community. As an outsider, it is difficult for me to gauge the viability of using social pressure to shape patenting.  I would note, though, that an increasing number of commercial actors are patenting in this area, which would probably reduce the effectiveness of community pressure.   

And what are the costs of doing this monitoring?  If you can spread out the work among several students, limit searches by keyword, and simply monitor ongoing patenting rather than fight the ‘bad’ ones, then this needn’t be a laborious effort.  There are potential downsides, though, to knowing everything that’s being applied for.  Namely, if you’re getting an RSS feed of all the patent applications in this area, than it would be very difficult to claim that you unknowingly infringed on a patent.  

� The official USPTO rules are at: � HYPERLINK "http://www.uspto.gov/web/offices/pac/mpep/documents/1100_1120.htm" ��http://www.uspto.gov/web/offices/pac/mpep/documents/1100_1120.htm� .  Additional information about patent application publishing is on the USPTO FAQ page: � HYPERLINK "http://www.uspto.gov/web/offices/dcom/olia/aipa/helpfulhints.htm" ��http://www.uspto.gov/web/offices/dcom/olia/aipa/helpfulhints.htm�


� Matthew Silver, a PhD students in the Engineering Systems Division, identified these classes and has conducted some preliminary analysis of patenting rates and cross-class correlations.


� This is an average over the past few years.  See USPTO chart of patents by class and year: � HYPERLINK "http://www.uspto.gov/go/taf/cbcby.htm#PartA2" ��http://www.uspto.gov/go/taf/cbcby.htm#PartA2�.  For patent application statistics, I used the USPTO search site (� HYPERLINK "http://www.uspto.gov/patft/" ��http://www.uspto.gov/patft/� ).


� The list of subclasses is available at: � HYPERLINK "http://www.ibiblio.org/patents/class/CLASS435.html" ��http://www.ibiblio.org/patents/class/CLASS435.html� 


� This comes from the � HYPERLINK "http://www.uspto.gov/patft/" ��USPTO� search site, since � HYPERLINK "http://www.google.com/advanced_patent_search" ��Google Patents� doesn’t include applications and � HYPERLINK "http://www.patentlens.net/patentlens/structured.cgi" ��Patent Lens� doesn’t seem to include a search by US classification.   


� The USPTO has just begun a pilot program on ‘community patent review’ in the area of software.  This is a fascinating project, but it is far too early to tell if when it will be implemented more broadly, if at all.   For technical documents on the pilot program, see:  � HYPERLINK "http://communitypatent.org" ��http://communitypatent.org�.  For an overview of the patent system and the need for open review, I’d recommend an article by Beth Noveck, an NYU law professor who helped spearhead the pilot project, at: � HYPERLINK "http://dotank.nyls.edu/communitypatent/docs/openreview_sep_02.pdf" ��http://dotank.nyls.edu/communitypatent/docs/openreview_sep_02.pdf� 


� 37 CFR 1.99 is available online at: � HYPERLINK "http://www.uspto.gov/web/offices/pac/mpep/documents/1100_1134_01.htm" ��http://www.uspto.gov/web/offices/pac/mpep/documents/1100_1134_01.htm� 
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