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Fee Transmittal Form
(PTO/SB/17 or equivalent)

2. Applicant asserts small entity status.
See 37 CFR 1.27

3. D Applicant certifies micro entity status. See 37 CFR 1.29.
Applicant must attach form PTO/SB/15A or B or equivalent.

4, Specification [Total Pages 23 ]
Both the claims and abstract must start on a new page.
(See MPEP § 608.01(a) for information on the preferred arrangement)

5.[v] Drawing(s) (35U.5.C. 113)  [Total Sheets & ]

6. Inventor’s Oath or Declaration [Total Pages 4 ]
(including substitute statements under 37 CFR 1.64 and assignments
serving as an oath or declaration under 37 CFR 1.63(e))

a. Newly executed (original or copy)
b. D A copy from a prior application (37 CFR 1.63(d))
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Power of Attorney

37 CFR 3.73(c) Statement
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English Translation Document
(if applicable)
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Information Disclosure Statement
(PTO/SB/08 or PTO-1449)

Copies of citations attached
Preliminary Amendment
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Certified Copy of Priority Document(s)
(if foreign priority is claimed)
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Nonpublication Request
Under 35 U.S.C. 122(b)(2)(B)(i). Applicant must attach form PTO/SB/35
or equivalent.

Other: Request to retrieve electronic priority application;

[<]

Authorization for internet communication

interest in the matter. See 37 CFR 1.46(b).

*Note: (1) Benefit claims under 37 CFR 1.78 and foreign priority claims under 1.55 must be included in an Application Data Sheet (ADS).
(2) For applications filed under 35 U.S.C. 111, the application must contain an ADS specifying the applicant if the applicant is an
assignee, person to whom the inventor is under an obligation to assign, or person who otherwise shows sufficient proprietary
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The address associated with Customer Number: 183715

OR I:I Correspondence address below
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A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply with an
information collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a currently valid OMB Control
Number. The OMB Control Number for this information collection is 0651-0032. Public burden for this form is estimated to average 12 minutes per response, including
the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the information
collection. Send comments regarding this burden estimate or any other aspect of this information collection, including suggestions for reducing this burden to the Chief
Administrative Officer, United States Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email InformationCollection@uspto.gov. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. If filing this completed form by mail, send to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA

22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.



Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. The United States Patent and
Trademark Office (USPTO) collects the information in this record under authority of 35 U.S.C. 2. The USPTO'’s
system of records is used to manage all applicant and owner information including name, citizenship,
residence, post office address, and other information with respect to inventors and their legal representatives
pertaining to the applicant's/owner’s activities in connection with the invention for which a patent is sought or
has been granted. The applicable Privacy Act System of Records Notice for the information collected in this
form is COMMERCE/PAT-TM-7 Patent Application Files, available in the Federal Register at 78 FR 19243
(March 29, 2013). https://www.govinfo.gov/content/pkg/FR-2013-03-29/pdf/2013-07341.pdf

Routine uses of the information in this record may include disclosure to: 1) law enforcement, in the event that
the system of records indicates a violation or potential violation of law; 2) a Federal, state, local, or international
agency, in response to its request; 3) a contractor of the USPTO having need for the information in order to
perform a contract; 4) the Department of Justice for determination of whether the Freedom of Information Act
(FOIA) requires disclosure of the record; 5) a Member of Congress submitting a request involving an individual
to whom the record pertains, when the individual has requested the Member’s assistance with respect to the
subject matter of the record; 6) a court, magistrate, or administrative tribunal, in the course of presenting
evidence, including disclosures to opposing counsel in the course of settlement negotiations; 7) the
Administrator, General Services Administration (GSA), or their designee, during an inspection of records
conducted by GSA under authority of 44 U.S.C. 2904 and 2906, in accordance with the GSA regulations and
any other relevant (i.e., GSA or Commerce) directive, where such disclosure shall not be used to make
determinations about individuals; 8) another federal agency for purposes of National Security review (35 U.S.C.
181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)); 9) the Office of Personnel
Management (OPM) for personnel research purposes; and 9) the Office of Management and Budget (OMB) for
legislative coordination and clearance.

If you do not furnish the information requested on this form, the USPTO may not be able to process and/or
examine your submission, which may result in termination of proceedings, abandonment of the application,
and/or expiration of the patent.

Additional Uses

Additional USPTO uses of the information in this record may include disclosure to: 1) the International Bureau
of the World Intellectual Property Organization, if the record is related to an international application filed under
the Patent Cooperation Treaty; 2) the public i) after publication of the application pursuant to 35 U.S.C. 122(b),
i) after issuance of a patent pursuant to 35 U.S.C. 151, iii) if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is referenced by either
a published application, an application open to public inspections, or an issued patent, or iv) without publication
of the application or patent under the specific circumstances provided for by 37 CFR 1.14(a)(1)(v)-(vii); and/or
3) the National Archives and Records Administration, for inspection of records.
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Attomey Docket Number | PP6807284
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | METHOD FOR PREDICITING COMPOUND-PROTEIN BINDING AFFINITY AND APPARATUS THEREOF

The application data sheet is part of the provisional or nonprovisional application forwhich itis being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patentand Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper fied application.

Secrecy Order 37 CFR 5.2:

] Portions orall of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1 Remove

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
SANGHYUN PARK

Residence Information (SelectOne) () US Residency (® NonUS Residency () Active US Miitary Service

City |Seoul Country of Residence KR

Mailing Address of Inventor:

Address 1 204-3701, 300 Omok+o, Yangcheon-gu

Address 2

City Seoul | State/Province |

Postal Code 08004 | Countryi KR

Inventor 2 Remove

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
SANGMIN SEO

Residence Information (SelectOne) () US Residency (® NonUS Residency () Active US Miitary Service

City |Jeju-si, Jeju-do Country of Residence KR

Mailing Address of Inventor:

Address 1 #801, 44 Goma-ro
Address 2
City Jeju-si, Jeju-do | State/Province |
Postal Code 63272 | Countryi KR

Inventor 3 Remove
Legal Name

EFS Web 2.2.13
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Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Papemwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attomey Docket Number | PP6807284
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | METHOD FOR PREDICITING COMPOUND-PROTEIN BINDING AFFINITY AND APPARATUS THEREOF

Prefix| Given Name Middle Name Family Name Suffix
SEUNGYEON CHOI
Residence Information (SelectOne) () US Residency (@ NonUS Residency () Active US Miitary Service

City |Seoul Country of Residence KR

Mailing Address of Inventor:

Address 1 101-803, 7-3 Dangsan-ro 45-gil, Yeongdeungpo-gu

Address 2

City Seoul | State/Province |

Postal Code 07213 | Countryi KR

Inventor 4 Remove

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
HWANHEE KIM

Residence Information (SelectOne) () US Residency (® NonUS Residency () Active US Miitary Service

City |Seoul Country of Residence KR

Mailing Address of Inventor:

Address 1 4F-401, 26 Yonsei-ro 11-gil, Seodaemun-gu

Address 2

City | Seoul | State/Province |

Postal Code 03788 | Countryi KR

Inventor 5 Remove

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
JIEUN LEE

Residence Information (SelectOne) () US Residency (@ NonUS Residency () Active US Miitary Service

City |Seoul Country of Residence KR

Mailing Address of Inventor:

Address 1 101-1004, 291 Donggyo-ro, Seodaemun-gu

Address 2

City | Seoul | State/Province
Postal Code 03716 | Countryi KR

EFSWeb 2.2.13
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Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Papemwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attomey Docket Number | PP6807284

Application Data Sheet 37 CFR 1.76
Application Number

Title of Invention | METHOD FOR PREDICITING COMPOUND-PROTEIN BINDING AFFINITY AND APPARATUS THEREOF

All Inventors Must Be Listed - Additional Inventor Information blocks may be e
generated within this form by selecting the Addbutton.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 183715

Email Address bwp@zionip.com | AddEmail |  [Remove Email|
Email Address patent 01@zionip.com | AddEmail |  [Remove Email|
Email Address pbwoong@hotmail.com

Application Information:

. . METHOD FOR PREDICITING COMPOUND-PROTEIN BINDING AFFINITY AND APPARATUS
Title of the Invention
THEREOF
Attorney Docket Number| PP6807284 Small Entity Status Claimed
Application Type Nonprovisional
Subject Matter Utility
Total Number of Drawing Sheets (if any) 6 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this reference

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country

filed application

Publication Information:

[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

] U.S.C. 122(b) and certify thatthe invention disclosed in the attached application has not and will notbe the
subject of an application filed in another country, or under a mutliateral international agreement, that requires
publication at eighteen months afterfiling.

35

Representative Information:

EFSWeb 2.2.13



PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Papemwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attomey Docket Number | PP6807284

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHOD FOR PREDICITING COMPOUND-PROTEIN BINDING AFFINITY AND APPARATUS THEREOF

Representative information should be provided for all practitioners having a power of attomey in the application. Providing
this information in the Application Data Sheet does not constitute a power of attomey in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: (® CustomerNumber (O US Patent Practitioner (O  Limited Recognition (37 CFR 11.9)
CustomerNumber 183715

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefitunder 35 U.S.C. 119(e), 120, 121, 365(c), or386(c) or indicate
National Stage entry froma PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This section allows forthe applicant to claim priority to a foreign application. Providing this informationin the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application that
is eligible for retrieval under the priority document exchange program (PDX) the'information wil be used by the Office to automatically
attempt retrieval pursuantto 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate responsibility for
ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual property office, or a
certified copy of the foreign priority applicationis filed, within the time period specifiedin 37 CFR 1.55(g)(1).

Remove
Application Number Countr)J Filing Date (YYYY-MM-DD) Access Codei('rf applicable)
10-2024-0180165 KR 2024-12-06 50E4
Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Statementunder 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

EFSWeb 2.2.13



PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Papemwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attomey Docket Number | PP6807284
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | METHOD FOR PREDICITING COMPOUND-PROTEIN BINDING AFFINITY AND APPARATUS THEREOF

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective fiing date on orafter March

[ ] 16, 2013.
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a fiing date on orafter March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFSWeb 2.2.13



PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Papemwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attomey Docket Number | PP6807284
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | METHOD FOR PREDICITING COMPOUND-PROTEIN BINDING AFFINITY AND APPARATUS THEREOF

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written authority
to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see paragraph A
in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant application
(see paragraph B in subsection 1 below).

Should applicant choose notto provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the comresponding box A or B or both in subsection 2 below.

NOTE: This section ofthe Application Data Sheetis ONLY reviewed and processed with the INITIAL fiing of an
application. After the initial fling of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 mustbe used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intelectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreementin which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority orbenéfit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)(1)

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submita
copy of search results from the instant application without delay in a European patent application that claims priority to the
instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to pemit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmittothe EPO any search results from the instant patent
[ ] application. If this box is checked, the USPTO wil not be providing the EP O with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with37 CFR 1.14.

EFSWeb 2.2.13



PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Papemwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attomey Docket Number | PP6807284
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | METHOD FOR PREDICITING COMPOUND-PROTEIN BINDING AFFINITY AND APPARATUS THEREOF

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignmentrecorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining jointinventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interestin the matter who is the applicant under 37 CFR 1.46. If the applicantis an applicant
under 37 CFR 1.46 (assignee, person towhom theinventor is obligated to assign, or person who otherwise shows sufficient proprietary
interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be identified in

this section.

(® Assignee (O Legal Representative under 35U.S.C. 117 (O Joint Inventor

Q Person to whom the inventor is obligated to assign. Q Person who shows sufficient proprietary interest

If applicantis the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here.

Organization Name UIF (University Industry Foundation), Y onsei University

Mailing Address Information For Applicant:

Address 1 50 Yonsei-ro, Seodaemun-gu

Address 2

City Seoul State/Province

CountryI KR Postal Code 03722
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignmentinformation in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.

EFSWeb 2.2.13




PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Papemwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attomey Docket Number | PP6807284
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | METHOD FOR PREDICITING COMPOUND-PROTEIN BINDING AFFINITY AND APPARATUS THEREOF

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified inthe "Applicant Information" section will appear on the patent application

publication as an applicant. Foran assignee-applicant, complete this section only if identification as anassignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. L]

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Countryi Postal Code
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the applicationand either box A or B is not checked in
subsection 2 ofthe “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more jointinventors, this form must be signed by a
patent practitioner, all jointinventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attomey (e.g., see USPTO Form PTO/AIA/81) on behalf of all jointinventor-applicants.

See 37 CFR 1.4(d) forthe manner of making signatures and certifications.

Signature |/Byungwoong Park/ Date (YYYY-MM-DD)| 2025-12-06

First Name | Byungwoong Last Name | Park Registration Number | 80,134

Additional Signature may be generated within this form by selecting the Add button.

EFSWeb 2.2.13
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Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Papemwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attomey Docket Number | PP6807284
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | METHOD FOR PREDICITING COMPOUND-PROTEIN BINDING AFFINITY AND APPARATUS THEREOF

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefitby the public which
is tofie (and by the USPTO to process) an application. Confidentiality is governed by 35U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to

complete this form and/or suggestions forreducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

EFSWeb 2.2.13



Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of the
application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy
Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Avrecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3 Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

4.  Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
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records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.
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METHOD FOR PREDICITING COMPOUND-PROTEIN BINDING
AFFINITY AND APPARATUS THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] A claim for priority under 35 U.S.C. 8 119 is made to Korean Patent
Application No. 10-2024-0180165 filed on November 06, 2024, in the Korean
Intellectual Property Office, the entire contents of which are hereby incorporated by

reference.

BACKGROUND
[0002] Embodiments of the inventive concept described herein relate to a method for
predicting compound-protein binding affinity, and an apparatus thereof, and more
particularly, relate to a compound-protein binding affinity prediction method that
accurately and effectively predicts compound-protein binding affinity based on
compound-protein complex free.
[0003] High-throughput screening is used in the early stages of drug development,
but it is impossible to evaluate all compound-protein interactions. To compensate for
this, protein structure-based virtual screening is employed. For example, molecular
docking is widely utilized. However, it has limitations in requiring significant
computational resources and having restricted accuracy.
[0004] Moreover, the scarcity of experimentally obtained 3D compound-protein
complex structures has limited training datasets, thereby hindering development.
[0005] Accordingly, inventors of the inventive concept endeavored to predict
compound-protein binding affinity independently of compound-protein complex

structures, thereby culminating in the completion of the inventive concept.

SUMMARY
[0006] Embodiments of the inventive concept provide a compound-protein binding
affinity prediction method that accurately and effectively predicts compound-protein
binding affinity based on compound-protein complex free.
[0007] Problems to be solved by the inventive concept are not limited to the
problems mentioned above, and other problems not mentioned will be clearly

understood by those skilled in the art from the following description.
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[0008] According to an exemplary embodiment, a compound-protein binding affinity
prediction method performed by at least one processor includes receiving compound
data and protein data, which interact with each other, generating an attribute vector
of a compound and an attribute vector of a protein based on the input compound data
and the input protein data, calculating an attention value based on the attribute vector
of the compound and the attribute vector of the protein, generating a first interaction
matrix based on the attention value, learning a first Al model to predict a binding
affinity and a non-covalent interaction of compound-protein by using the first
interaction matrix as learning data, and predicting the binding affinity and the non-
covalent interaction of the compound-protein based on an output value of the first Al
model.

[0009] According to an embodiment of the inventive concept, the receiving of the
compound data includes generating a compound structure graph. The compound
structure graph has an attribute of an atom as a node and has an attribute of a bond as
an edge.

[0010] According to an embodiment of the inventive concept, the calculating of the
attention value based on the attribute vector of the compound and the attribute vector
of the protein includes calculating a key, a value, and a query based on the attribute
vector of the compound and the attribute vector of the protein, and crossing the
calculated query of the compound and the calculated query of the protein, or crossing
a key and a value of the compound and a key and a value of the protein to provide
the crossed result to a sub-attention layer.

[0011] According to an embodiment of the inventive concept, the calculating of the
attention value based on the attribute vector of the compound and the attribute vector
of the protein further includes providing an output value of the sub-attention layer to
a self-attention layer, and providing an output value of the self-attention layer to a
feed-forward layer.

[0012] According to an embodiment of the inventive concept, the learning of the first
Al model includes calculating an interaction score between one or more elements of
the compound and one or more residues of the protein, extracting a latent variable
from the score, and providing the latent variable to a fully connected layer.

[0013] According to an embodiment of the inventive concept, the output value of the

first Al model includes the attribute vector of the compound, the attribute vector of
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the protein, the first interaction matrix, and the binding affinity predicted by the first
Al model.

[0014] According to an embodiment of the inventive concept, the predicting of the
binding affinity and the non-covalent interaction of the compound-protein based on
the output value of the first Al model includes performing knowledge distillation by
inputting the output value of the first Al model into a second Al model, and
predicting the non-covalent interaction and the binding affinity in the second Al
model. Data received by the first Al model is based on a compound-protein complex.
[0015] According to an embodiment of the inventive concept, the performing of the
knowledge distillation includes calculating a loss function by comparing the first
interaction matrix with a second interaction matrix generated by the second Al
model.

[0016] According to an embodiment of the inventive concept, a computer program
stored in a computer-readable recording medium is provided to execute the above-
described method on a computer.

[0017] According to an exemplary embodiment, a computing apparatus includes a
communication module, a memory, and at least one processor connected to the
memory and configured to execute at least one computer-readable program included
in the memory. The at least one program includes instructions for receiving a
structure of a compound and a structure of a protein, which interact with each other,
generating an attribute vector of a compound and an attribute vector of a protein
based on the input structure of the compound and the input structure of the protein,
calculating an attention value based on the attribute vector of the compound and the
attribute vector of the protein, generating a first interaction matrix based on the
attention value, learning a first Al model to predict a binding affinity and a non-
covalent interaction of compound-protein by using the first interaction matrix as
learning data, and predicting the binding affinity and the non-covalent interaction of

the compound-protein based on an output value of the first Al model.

BRIEF DESCRIPTION OF THE FIGURES
[0018] The above and other objects and features will become apparent from the
following description with reference to the following figures, wherein like reference

numerals refer to like parts throughout the various figures unless otherwise specified,
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and wherein:

[0019] FIG. 1 is a functional block diagram illustrating an internal configuration of a
computing apparatus, according to an embodiment;

[0020] FIG. 2 is a functional block diagram showing an internal configuration of an
Al model, according to an embodiment;

[0021] FIG. 3 is a flowchart of a compound-protein binding affinity prediction
method, according to an embodiment;

[0022] FIG. 4 is a diagram illustrating an operation of calculating an attention value
by using a layer, according to an embodiment;

[0023] FIG. 5 is a graph for comparing the performance of models predicting a
binding affinity of compound-protein, according to an embodiment; and

[0024] FIG. 6 is a block diagram showing a hardware configuration of a computing

apparatus, according to an embodiment.

DETAILED DESCRIPTION

[0025] Hereinafter, embodiments of the inventive concept will be described in detail
with reference to the accompanying drawings. However, the inventive concept is not
intended to be limited or restricted by embodiments. Unless otherwise defined, all
terms (including technical and scientific terms) used in the specification should have
the same meaning as commonly understood by those skilled in the art to which the
inventive concept pertains, but which may vary according to the intent or precedent
of those practicing in the art, the emergence of new technology, and the like.

[0026] Moreover, terms, such as those defined in commonly used dictionaries,
should not be interpreted in an idealized or overly formal sense unless expressly so
defined herein. Terms arbitrarily selected by the applicant of embodiments may also
be used in a specific case. In this case, the detailed meanings are given in the
corresponding description. Hence, these terms used in the inventive concept may be
defined based on their meanings and the contents of the inventive concept, not by
simply stating the terms.

[0027] It will be understood that the terms “comprises,” “comprising,” “includes”
and/or “including,” when used herein, specify the presence of stated elements and/or
components, but do not preclude the presence or addition of one or more other

elements and/or components. Moreover, as used in the specification, the singular
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terms “a,” “an” and “the” are intended to include the plural forms as well, unless the
context clearly indicates otherwise. Besides, the expression “at least one of a, b,
and/or c¢” described throughout this specification may encompass ‘a alone’, ‘b alone’,
‘calone’, ‘aand b’, ‘aand ¢’, ‘b and ¢’, or ‘all of a, b, and ¢’.

[0028] In the meantime, the term “first and/or second” used in the specification will
be used to describe various elements but will be described only for the purpose of
distinguishing one element from another element, not limiting an element of the
corresponding term. For example, without departing the scope of the inventive
concept, a first element may be referred to as a second element, and similarly, a
second element may be referred to as a first element.

[0029] In addition, terms such as “...unit”, “...module”, etc. described in this
specification mean a unit that processes at least one function or operation, which may
be implemented as hardware or software, or a combination of hardware and software.
Furthermore, an embodiment of the inventive concept described herein may be
represented by functional block configurations and various processing steps. These
functional blocks may be implemented in the variable number of hardware or/and
software configurations that perform specific functions. For example, embodiments
of the inventive concept may employ integrated circuit configurations such as a
memory, processing, logic, a look-up table, etc., which may execute various
functions under the control of one or more microprocessors or other control devices.
[0030] In an embodiment of the inventive concept, functions related to artificial
intelligence may be implemented through a processor and a memory. In this case, the
processor may be one of a general-purpose processor such as a center processing unit
(CPU), an application processor (AP), a digital signal processor (DSP), a graphics-
dedicated processor such as a graphic processing unit (GPU), a vision processing unit
(VPU), and an Al-dedicated processor such as a neural network processing unit
(NPU). The processor may process input data depending on an Al model or a
predefined operating rule, which is stored in the memory. Alternatively, when the
processor is an Al-dedicated processor, the Al-dedicated processor may be designed
with a hardware structure specialized for the processing of a specific Al model. In
some embodiments of the inventive concept, functions related to artificial
intelligence may be implemented through a plurality of processors.

[0031] In an embodiment of the inventive concept, the predefined operating rule or
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the artificial intelligence model may be configured to perform machine learning.
Here, being configured to perform machine learning means that the predefined
operation rule or the artificial intelligence model is configured to perform a desired
feature (or purpose) by learning pieces of learning data based on a learning
algorithm. This learning may be performed by a device itself, on which the artificial
intelligence according to an embodiment of the inventive concept is implemented, or
may be performed through a separate server and/or system.

[0032] The artificial intelligence model may be implemented with a neural network
(or an artificial neural network) and may operate based on a statistical learning
algorithm that mimics biological neurons in machine learning and cognitive science.
The neural network may refer to a model as a whole having the ability to solve
problems as artificial neurons (nodes), which form a network by connecting
synapses, changes the strength of their synaptic connections through learning. The
neural network may be composed of a plurality of neural network layers. For
example, the neural network may include an input layer, a hidden layer, and an
output layer. Each of the plurality of neural network layers may include at least one
node and at least one weight, and may perform neural network operations through
operations between weights and the operation results of the previous layer. At least
one weight of the plurality neural network layers may be optimized by the training
result of the artificial intelligence model. For example, during the training process,
the at least one weight may be updated such that a loss value or cost value obtained
from the artificial intelligence model is reduced or minimized. The neural network
may infer the desired result from an arbitrary input.

[0033] Training methods of the artificial intelligence model may be classified into
supervised learning, in which input data and output data are provided as training data
according to the learning method, and the correct answer (output data) corresponding
to the problem (input data) is determined, unsupervised learning, in which only the
input data is provided without the output data, and the correct answer (output data)
corresponding to the problem (input data) is not determined, reinforcement learning,
in which a reward is given whenever an action is taken in a current state, and training
proceeds to maximize the reward, and the like. Alternatively, the training methods
may be distinguished based on the architecture, which is the structure of the learning

model.
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[0034] According to an embodiment of the inventive concept, the artificial
intelligence model may use at least one of various artificial intelligence structures
and algorithms such as a convolution neural network (CNN) (e.g., GoogleNet,
AlexNet, or VGG Network), a region with convolution neural network (R-CNN), a
region proposal network (RPN), a recurrent neural network (RNN), a stacking-based
deep neural network (S-DNN), a state-space dynamic neural network (S-SDNN), a
deconvolution network, a deep belief network (DBN), a restricted Boltzman machine
(RBM), a fully convolutional network, a long short-term memory (LSTM) Network,
a classification network, Generative Modeling, eXplainable Al, Continual Al,
Representation Learning, Al for Material Design, algorithms for natural language
processing (e.g., BERT, SP-BERT, MRC/QA, Text Analysis, Dialog System, GPT-
3, and GPT-4), algorithms for vision processing (e.g., Visual Analytics, Visual
Understanding, Video Synthesis, and ResNet), algorithms for data intelligence (e.qg.,
Anomaly Detection, Prediction, Time-Series Forecasting, Optimization,
Recommendation, and Data Creation), but is not limited thereto. The above-
described examples are merely illustrative of artificial intelligence structures and
algorithms used in accordance with embodiments of the inventive concept, and do
not limit the artificial intelligence structures and algorithms used in accordance with
embodiments of the inventive concept.

[0035] Hereinafter, various embodiments of the inventive concept will be described
in detail with reference to the accompanying drawings. In describing an embodiment,
technical details that are well known in the art to which the inventive concept
pertains and are not directly related to the inventive concept will be omitted. This is
to avoid obscuring the essence of the inventive concept and to convey it more clearly
by omitting unnecessary explanations. For the same reason, some components in the
attached drawings are exaggerated, omitted, or shown schematically. Furthermore,
the size of each component does not necessarily reflect its actual size. In this
specification, the same reference numerals throughout the specification may refer to
the same or corresponding components.

[0036] In this specification, the term ‘interaction’ may refer to a non-covalent
interaction between a compound and a protein, specifically a non-covalent
interaction between elements of the compound and residues of the protein.

[0037] In this specification, the term ‘binding affinity’ may refer to the strength of
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the binding interaction between a compound and a protein.

[0038] In this specification, the term ‘knowledge distillation’ may refer to a method
by which a teacher model transfers learned knowledge to a student model. In this
specification, the teacher model may be a first Artificial intelligence (Al) model 100,
and the student model may be a second Al model.

[0039] FIG. 1 is a functional block diagram illustrating an internal configuration of a
computing apparatus 1000, according to an embodiment. Referring to FIG. 1, the
computing apparatus 1000 may refer to any Al device that receives protein data 101
and compound data 102 to predict the binding affinity and the non-covalent binding
of the corresponding protein-compound. The computing apparatus 1000 may include
a first Al model 100 and a second Al model 200, and the first Al model 100 and the
second Al model 200 may receive the protein data 101 and the compound data 102.
[0040] The first Al model 100 and the second Al model 200 are described as
physically separate components from each other. However, this is only an example.
In another embodiment, the first Al model 100 and the second Al model 200 may be
logically separate structures, in which case they may be implemented by separate
functions on a single server.

[0041] The first Al model 100 may be a device learned to predict binding affinity
and non-covalent interactions of compound-protein by using protein data and
compound data. The first Al model 100 may perform knowledge distillation by
delivering an output value to the second Al model 200.

[0042] The second Al model 200 may predict the binding affinity and the non-
covalent interaction of compound-protein based on the protein data, the compound
data, and data received from the first Al model 100.

[0043] A loss function may be calculated based on a first output value (a long
dashed-dotted-dotted line 1) of the first Al model 100 and the first output value (a
long dashed-dotted-dotted line 2) of the second Al model 200. Moreover, the non-
covalent interaction and the binding affinity may be predicted based on a second
output value (a dashed-dotted line 3) of the first Al model 100 and a second output
value (a dashed-dotted line 4) of the second Al model 200. The method for
predicting the binding affinity and the non-covalent interaction of compound-protein
by using the first Al model 100 and the second Al model 200 of the computing

apparatus 1000 will be described in detail below.
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[0044] FIG. 2 is a functional block diagram showing an internal configuration of an
Al model, according to an embodiment.

[0045] According to an embodiment, both the first Al model 100 and the second Al
model 200 may include a protein encoding module 110, a compound encoding
module 120, an attention module 130, and a prediction module 140. Hereinafter, the
descriptions of the protein encoding module 110, the compound encoding module
120, the attention module 130, and the prediction module 140 may be applied to both
the first Al model 100 and the second Al model 200.

[0046] The first Al model 100 and the second Al model 200 may receive the protein
data 101 and the compound data 102.

[0047] The first Al model 100 may obtain the protein data 101 and the compound
data 102 from a three-dimensional (3D) structure of a compound-protein complex,
for example, from a PDBbind database.

[0048] The second Al model 200 may obtain the protein data 101 and the compound
data 102 from a free compound-protein complex model, for example, from a
BindingDB database.

[0049] Here, the protein data 101 may include a ligand of a pocket region, which is a
recessed region on the protein surface, and the compound data 102 may include a
target molecule region, a region that binds to the protein.

[0050] When the protein data 101 and the compound data 102 are received, the
protein encoding module 110 and the compound encoding module 120 may perform
encoding to use the protein data 101 and the compound data 102 as an input of the
attention module 130. Here, the encoding may refer to a method of converting
original data into a different format.

[0051] The protein encoding module 110 and the compound encoding module 120
may respectively generate a protein attribute vector and a compound attribute vector
based on the protein data 101 and the compound data 102, and may transmit the
protein attribute vector and the compound attribute vector to the attention module
130. In detail, the protein encoding module 110 and the compound encoding module
120 may obtain residue information of a protein pocket and element information of a
compound by performing embedding based on the protein data 101 and the
compound data 102.

[0052] Here, the “embedding” may refer to converting a sequence (e.g., an amino
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acid sequence or an element of a compound) into a vector having a specific
numerical value to quantify data.

[0053] When receiving a protein attribute vector and a compound attribute vector,
the attention module 130 may calculate an attention value based on the protein
attribute vector and the compound attribute vector. Here, the attention value may
represent the interaction between the compound and the protein. When receiving the
protein attribute vector, the attention module 130 may calculate a protein attention
value and transmit the protein attention value to the prediction module 140. When
receiving the compound attribute vector, the attention module 130 may calculate a
compound attention value and transmit the compound attention value to the
prediction module 140.

[0054] When receiving the protein attention value and the compound attention value,
the prediction module 140 may generate an interaction matrix based on the protein
attention value and the compound attention value. In detail, the prediction module
140 of the first Al model 100 may generate a first interaction matrix, and the
prediction module 140 of the second Al model 200 may generate a second
interaction matrix. Here, the interaction matrix may be a matrix representing an
interaction score between a residue of a protein and an element of a compound.
[0055] Referring to FIGS. 1 and 2, the first Al model 100 may perform learning to
predict the binding affinity and the non-covalent interaction of a compound-protein
complex by using the first interaction matrix as learning data. The first Al model 100
may receive the compound-protein complex and may transmit the corresponding a
binding affinity prediction value and a non-covalent interaction prediction value of
the compound-protein complex to the second Al model 200.

[0056] The second Al model 200 may learn the binding affinity and the non-covalent
interaction of the compound-protein complex based on the output value of the first
Al model and the second interaction matrix.

[0057] In this case, the second Al model 200 may be based on complex free, but the
second Al model 200 may accurately predict the binding affinity of compound-
protein by receiving knowledge distillation on complex-based data from the first Al
model 100.

[0058] The specific details of a compound-protein binding affinity prediction method

according to an embodiment will be described in detail in FIGS. 3 and 4 below.
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[0059] FIG. 3 is a flowchart of a compound-protein binding affinity prediction
method, according to an embodiment. Referring to FIG. 3, the binding affinity
prediction method may include an operation of inputting compound data and protein
data (S100), an operation of generating a compound attribute vector and a protein
attribute vector (S200), an operation of calculating an attention value based on a
vector (S300), an operation of generating a first interaction matrix and learning a first
Al model (S400), an operation of generating a second interaction matrix and learning
a second Al model (S500), and an operation of making a prediction in the second Al
model (S600). Hereinafter, operations S100 to S300 may be performed by both the
first Al model 100 and the second Al model 200.

[0060] Operation S100 may refer to a step in which the encoding modules 110 and
120 of the Al models 100 and 200 receive compound data and protein data. Here, the
compound data and the protein data may be provided as compound-protein complex
data in the first Al model 100 and may be provided as compound-protein complex
free data in the second Al model 200.

[0061] The received protein data may include amino acid sequences of a residues in
a pocket region that bind to a compound. Here, the second Al model 200 may use a
protein binding pocket prediction tool to extract the input amino acid sequences
associated with a binding pocket of the protein by receiving the compound-protein
complex free data. Afterwards, the second Al model 200 may extract residue amino
acid embedding of the pocket region by using another pre-learned Al model.

[0062] In an embodiment, an operation of receiving the compound data may include
an operation of generating a compound graph. The compound graph may be
generated using a known Al graph. Here, the compound structure graph may have
atomic attributes as nodes and bond attributes as edges.

[0063] In this case, the compound data may include an elemental attribute and a
bond attribute. For example, the element attribute may include an element’s type,
chirality, formal charge, the number of bonded hydrogen atoms, the number of
bonded free electrons, hybridization, aromaticity, cyclicity, or the like. Here, the
bond may refer to a bond between elements of a compound. For example, the bond
attribute may include the type of bond (a single bond, a double bond, or a triple
bond) and the nature of bond (directionality, chirality, stereo, or conjugation).

[0064] Operation S200 may refer to a step for generating a compound attribute

11
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vector and a protein attribute vector in the encoding modules 110 and 120 of the Al
models 100 and 200.
[0065] In detail, the protein encoding module 110 may extract the protein attribute
vector by using the amino acid embedding of a residue as an input. For example, the
protein attribute vector may be extracted by using the amino acid embedding of the
residue as an input based on Equation 1 below.

[Equation 1]

p; = SelfAttLayerp_p (_x'j, {x1, -, XLP})

[0066] Here, Pj may denote the extracted protein attribute vector, and *i may
denote the amino acid of a residue.

[0067] The compound encoding module 120 may extract a compound attribute
vector by using the node and edge of a compound structure graph as inputs. For
example, the compound attribute vector may be extracted by using the node and edge
of a compound structure graph as inputs based on Equation 2 below.

[Equation 2]
hD = coMBINE (h0 ™, AGGREGATE ({(h{ ™", n{ ™, e,,) 1 u € N(»)})

[0068] Here, (v) may denote all neighbors of node v; e, may denote the edge
between nodes u and v; and, 4,("Y may denote the (-1)-th layer of node v.

[0069] This layer may be repeatedly applied to update nodes, and the updated nodes
may be used as the compound attribute vector.

[0070] Operation S300 may be a step in which the attention module 130 of the Al
models 100 and 200 calculates an attention value based on the compound attribute
vector and the protein attribute vector.

[0071] In particular, the attention module 130 may calculate each key, each value,
and each query based on the compound attribute vector and the protein attribute
vector. Here, each key, each value, and each query may be calculated by using a
known attention algorithm.

[0072] The attention module 130 may include a cross-attention layer to perform
cross-attention. Accordingly, the attention module 130 may cross the calculated
compound query with the calculated protein query, or cross the key and value of a
compound with the key and value of a protein, and may provide the crossed result to

a sub-attention layer.

12
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[0073] The sub-attention layer may perform attention by using a multi-head self-
attention layer and may provide an output value to a self-attention layer. The self-
attention layer may perform self-attention to provide an output value to a feed-
forward layer. The feed-forward layer may perform a feed-forward operation to
provide a compound attention value and a protein attention value. Accordingly, when
the attention module 130 receives a compound attribute vector, the output value may
be the compound attention value. When the attention module 130 receives a protein
attribute vector, the output value may be the protein attention value.

[0074] FIG. 4 is a diagram illustrating an operation of calculating an attention value
by using a layer, according to an embodiment. Referring to FIG. 4, the attention
module 130 may cross a query of a compound attribute vector ‘v’ with the query of a
protein attribute vector ‘p’, or may cross the key and value of the compound attribute
vector ‘v’ with the key and value of the protein attribute vector ‘p’. The attention
module 130 may include a sub-attention layer, a self-attention layer, and a feed-
forward layer to calculate a compound attention value and a protein attention value

by using multi-head attention, self-attention, and feed-forward. The finally calculated
compound attention value may be represented as '!)1-, and the finally calculated

protein attention value may be represented as .IU J.

[0075] Operation S400 may be a step in which the prediction module 140 of the first
Al model 100 generates a first interaction matrix and learns a first Al model. Here,
the first interaction matrix may represent an interaction score between the element of
a compound and the residue of a protein. The interaction score may be calculated
based on Equation 3 below.

[Equation 3]
M;; = a(7;Wy) - o(p;W,)T

[0076] Here, M ij represents the interaction score between the i-th element and the j-
th residue, and W1 and W- represent learning parameters, respectively.

[0077] The prediction module 140 of the first Al model 100 may extract a latent
variable based on the generated interaction score.

[Equation 4]

13
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aLJU

Vinter = ) D My[o(@I05), 0 (5, W)

i=1 j=1

[0078] Here, Vinter represents the latent variable, and W3 and W represent learning
parameters, respectively.
[0079] The prediction module 140 of the first Al model 100 may provide the latent
variable to a fully connected layer to predict a binding affinity.
[0080] Here, a loss function of the first Al model 100 may be expressed based on
Equation 5 below.

[Equation 5]

£tﬂtﬂl = L-:Iff + ﬂrfr“j:i'.rr,tvzr'.r"

I
[0081] Here, T denotes a weight parameter, and ~@ff and Linter may be
expressed by Equations 6 and 7, respectively.
[Equation 6]

N
1 2
Lagr = 5 ) 1Poe = Poreall;
n=1

N Ng Lp

=NZZZ |BistogMy; + (1 - Byiog (1 — M|,

n=1i=1 j=

[Equation 7]

P, o P
[0082] Here, ~ 9" may denote an actual binding affinity; * P7ed may denote a

predicted binding affinity; and B Ij may denote a binary label between an actual i-th
element and a j-th residue.

[0083] The first Al model 100 may deliver the output value of the first Al model to
the second Al model 200. Here, the output value of the first Al model may include
the predicted binding affinity, the attribute vector of a compound, the attribute vector
of a protein, and a first interaction matrix.

[0084] Operation S500 may be a step in which the prediction module 140 of the
second Al model 200 generates a second interaction matrix and learns a second Al

model. In detail, operation S500 may refer to a step of inputting the output value of
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the first Al model into the second Al model to perform knowledge distillation, and
may be a step in which the prediction module 140 of the second Al model 200
generates the second interaction matrix and learns the second Al model based on the
output value of the first Al model. Here, the output value of the first Al model may
include the predicted binding affinity, the attribute vector of a compound, the
attribute vector of a protein, and a first interaction matrix.
[0085] The prediction module 140 of the second Al model 200 may learn the second
Al model by generating the second interaction matrix by using the same procedure as
operations S100 to S400, except that it receives compound-protein complex free
data.
[0086] Operation S600 may refer to a step of predicting a non-covalent binding
interaction and a binding affinity from the learned second Al model 200. In an
embodiment, operation S600 may include an operation of comparing the first
interaction matrix and the second interaction matrix to derive a loss function.
[0087] In particular, the second Al model 200 may calculate two loss functions
through a two-stage optimization process. The first loss function may be expressed
by Equations 8 and 9 below.

[Equation 8]

£5tﬂg€l = Linter + Lhint

[Equation 9]

N
Jtmre"r" = Ez Z _”MS'IDQME} + (l - M;‘}_)]Og (1 - Mr})”n
n=1i=1 j=1
N

1 _
L.'u‘nt = U-S(EZ (Dn ”‘z["'?‘(fi Wr}fmt.) o i,bf U; gcuide)”i +

n=1
1 N
2
5D RallUR (W) — 9 (W) D)
n=1
5
[0088] Here, Mif may denote the interaction between the i-th element and the j-th

g T
residue predicted by the second Al model 200; My may denote the interaction

between the i-th element and the j-th residue predicted by the first Al model 100;
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Whint and Wouide may denote a parameter of a layer for calculating an attention

value based on a compound attribute vector, and a parameter of a layer for

calculating an attention value based on a protein attribute vector, respectively; [rbT

and '}b.‘f may denote deep neural functions of the first Al model 100 and the second

Al model 200, respectively; and, (pﬂ

may denote a parameter that quantizes the
confidence for the prediction of the first Al model 100.

[0089] The second loss function calculated from the second Al model 200 may be
expressed based on Equation 10 below.

[Equation 10]

'Csragez = Lreg + ﬂ.\“:imit

N
1 2
Jf:1"\434_:;' = EZ ”P\ - Pgt”n

n=1

1
Limie = % ) ®allPs = Pyl

n=1

[0090] Here, As may denote a weight parameter controlling the final predicted

affinity, and P‘- PT, and Pgt may denote the prediction of the second Al model
200, the prediction of the first Al model 100, and an actual label, respectively.

[0091] FIG. 5 is a graph for comparing the performance of models predicting a
binding affinity of compound-protein, according to an embodiment. In FIG. 5,
Blendnet(s) represents the second Al model 200 according to an embodiment of the
inventive concept. Referring to FIG. 5, compared to other prediction models, the
prediction method according to an embodiment of the inventive concept
demonstrates superior prediction performance in all of new protein-based
segmentation, new compound-based segmentation, and random segmentation model
evaluation.

[0092] FIG. 6 is a block diagram showing a hardware configuration of a computing
apparatus, according to an embodiment.

[0093] The computing apparatus 1000 may include a memory 1100, a processor

1200, a communication module 1300, and an input/output interface 1400. As shown
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in FIG. 6, the computing apparatus 1000 may be configured to exchange information
and/or data over a network by using the communication module 1300.

[0094] The memory 1100 may include any computer-readable recording medium.
According to an embodiment, the memory 1100 may include a permanent mass
storage device such as a random access memory (RAM), a read only memory
(ROM), a disk drive, a solid state drive (SSD), a flash memory, or the like. For
another example, the permanent mass storage device such as a ROM, a SSD, a flash
memory, or a disk drive may be included in the computing apparatus 1000 as a
permanent storage device separate from the memory. Moreover, the memory 1100
may store the first Al model 100 and the second Al model 200, and may store an
operating system and at least one program code.

[0095] These software components may be loaded from a computer-readable
recording medium independent of the memory 1100. Such the separate computer-
readable recording medium may include a recording medium capable of being
directly connected to the computing apparatus 1000, and may include, for example, a
computer-readable recording medium such as a floppy drive, a disk, a tape, a
DVD/CD-ROM drive, and a memory card. For another example, the software
components may be loaded into the memory 1100 through the communication
module 1300, not the computer-readable recording medium. For example, at least
one program may be loaded into the memory 1100 based on a computer program
installed by files provided by developers or a file distribution system, which
distributes a file for installing an application, through the communication module
1300.

[0096] The processor 1200 may be configured to process instructions of a computer
program by performing basic arithmetic, logic, and input and output operations. The
instructions may be provided to another user terminal (not shown) or another
external system by the memory 1100 or the communication module 1300.

[0097] The communication module 1300 may provide a configuration or function
that allows a user terminal (not shown) and the computing apparatus 1000 to
communicate with each other over the network. The computing apparatus 1000 may
provide a configuration or function for communicating with an external system (e.g.,
a separate cloud system, etc.). For example, control signals, commands, data, or the

like provided under the control of the processor 1200 of the computing apparatus
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1000 may be transmitted to a user terminal and/or the external system through the
communication module of the user terminal and/or the external system via the
communication module 1300 and a network.

[0098] Moreover, the input/output interface 1400 of the computing apparatus 1000
may be a means for interfacing with an apparatus (not shown) for an input or an
output, which is connected to the computing apparatus 1000 or is included in the
computing apparatus 1000. In FIG. 6, the input/output interface 1400 is shown as an
element configured separately from the processor 1200, but is not limited thereto.
For example, the input/output interface 1400 may be configured to be included in the
processor 1200. The computing apparatus 1000 may include more components than
those of FIG. 6. However, there is no need to clearly illustrate most conventional
components.

[0099] The processor 1200 of the computing apparatus 1000 may be configured to
manage, process, and/or store information and/or data received from a plurality of
user terminals and/or a plurality of external systems.

[00100] The above-described method and/or various embodiments may be
implemented by digital electronic circuits, computer hardware, firmware, software,
and/or a combination thereof. Various embodiments of the inventive concept may be
implemented as a data processing apparatus, for example, one or more programmable
processors and/or one or more computing apparatuses, or as a computer-readable
recording medium and/or a computer program stored on the computer-readable
recording medium. The computer program described above may be written in any
programming language, including a compiled or interpreted language, and may be
distributed in any form, such as a standalone program, module, subroutine, or the
like. The computer program may be distributed through a single computing
apparatus, a plurality of computing apparatuses connected through the same network,
and/or a plurality of computing apparatuses distributed to be connected through a
plurality of different networks.

[00101] Meanwhile, embodiments disclosed in the specification may be
implemented in a form of a recording medium storing instructions executable by a
computer. The instructions may be stored in a form of program codes, and, when
executed by a processor, generate a program module to perform operations of the

disclosed embodiments. The recording medium may be implemented as a computer-
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readable recording medium. The computer-readable recording medium includes all
kinds of recording media in which instructions capable of being decoded by a
computer are stored. For example, there may be a ROM, a RAM, a magnetic tape, a
magnetic disk, a flash memory, an optical data storage device, or the like.

[00102] The above description refers to detailed embodiments for
implementing the inventive concept. The inventive concept may include
embodiments in which a design is changed simply or which are easily changed, as
well as the embodiments described above. In addition, the inventive concept may
include technologies that are easily changed and implemented by using the above-
described embodiments. While the inventive concept has been described with
reference to embodiments thereof, it will be apparent to those of ordinary skill in the
art that various changes and modifications may be made thereto without departing
from the spirit and scope of the inventive concept as set forth in the following claims
[00103] According to an embodiment of the inventive concept, compound-
protein binding affinity may be accurately and effectively predicted based on
compound-protein complex free.

[00104] Effects according to the inventive concept are not limited to the
effects mentioned above, and other effects not mentioned will be clearly understood
by those skilled in the art from the following description.

[00105] While the inventive concept has been described with reference to
exemplary embodiments, it will be apparent to those skilled in the art that various
changes and modifications may be made without departing from the spirit and scope
of the inventive concept. Therefore, it should be understood that the above

embodiments are not limiting, but illustrative.
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WHAT IS CLAIMED IS:

1. A compound-protein binding affinity prediction method performed by
at least one processor, the method comprising:

receiving compound data and protein data, which interact with each other;

generating an attribute vector of a compound and an attribute vector of a
protein based on the input compound data and the input protein data;

calculating an attention value based on the attribute vector of the compound
and the attribute vector of the protein;

generating a first interaction matrix based on the attention value;

learning a first Al model to predict a binding affinity and a non-covalent
interaction of compound-protein by using the first interaction matrix as learning data;
and

predicting the binding affinity and the non-covalent interaction of the
compound-protein based on an output value of the first Al model.

2. The method of claim 1, wherein the receiving of the compound data
includes:

generating a compound structure graph, and

wherein the compound structure graph has an attribute of an atom as a node

and has an attribute of a bond as an edge.

3. The method of claim 1, wherein the calculating of the attention value
based on the attribute vector of the compound and the attribute vector of the protein
includes:

calculating a key, a value, and a query based on the attribute vector of the
compound and the attribute vector of the protein; and

crossing the calculated query of the compound and the calculated query of
the protein, or crossing a key and a value of the compound and a key and a value of

the protein to provide the crossed result to a sub-attention layer.

4. The method of claim 3, wherein the calculating of the attention value
based on the attribute vector of the compound and the attribute vector of the protein

further includes:
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providing an output value of the sub-attention layer to a self-attention layer;
and

providing an output value of the self-attention layer to a feed-forward layer.

5. The method of claim 1, wherein the learning of the first Al model
includes:

calculating an interaction score between one or more elements of the
compound and one or more residues of the protein;

extracting a latent variable from the score; and

providing the latent variable to a fully connected layer.

6. The method of claim 1, wherein the output value of the first Al model
includes the attribute vector of the compound, the attribute vector of the protein, the
first interaction matrix, and the binding affinity predicted by the first Al model.

7. The method of claim 1, wherein the predicting of the binding affinity
and the non-covalent interaction of the compound-protein based on the output value
of the first Al model includes:

performing knowledge distillation by inputting the output value of the first
Al model into a second Al model; and

predicting the non-covalent interaction and the binding affinity in the second
Al model, and

wherein data received by the first Al model is based on a compound-protein

complex.

8. The method of claim 7, wherein the performing of the knowledge
distillation includes:
calculating a loss function by comparing the first interaction matrix with a

second interaction matrix generated by the second Al model.

9. A non-transitory computer readable recording medium including
computer program to perform the compound-protein binding affinity prediction of

claim 1.

21



10

15

20

Attorney Docket No. PP6807284

10. A computing apparatus comprising:

a communication module;

a memory; and

at least one processor connected to the memory and configured to execute at
least one computer-readable program included in the memory,

wherein the at least one program includes instructions for:

receiving a structure of a compound and a structure of a protein, which
interact with each other;

generating an attribute vector of a compound and an attribute vector of a
protein based on the input structure of the compound and the input structure of the
protein;

calculating an attention value based on the attribute vector of the compound
and the attribute vector of the protein;

generating a first interaction matrix based on the attention value;

learning a first Al model to predict a binding affinity and a non-covalent
interaction of compound-protein by using the first interaction matrix as learning data;
and

predicting the binding affinity and the non-covalent interaction of the

compound-protein based on an output value of the first Al model.
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ABSTRACT

A compound-protein binding affinity prediction method performed by at least
one processor includes receiving compound data and protein data, which interact
with each other, generating an attribute vector of a compound and an attribute vector
of a protein based on the input compound data and the input protein data, calculating
an attention value based on the attribute vector of the compound and the attribute
vector of the protein, generating a first interaction matrix based on the attention
value, learning a first Al model to predict a binding affinity and a non-covalent
interaction of compound-protein by using the first interaction matrix as learning data,
and predicting the binding affinity and the non-covalent interaction of the compound-

protein based on an output value of the first Al model.
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FIG. 3

Input compound data and protein data L~ 5100
v
Generate compound attribute vector and | -~ S200
protein attribute vector
v
Calculate attention value based on vector P~ 5300
v
Generate first interaction matrix and | -~ S400
learn first Al model
v
Generate second interaction matrix and |~ S500
learn second Al model
|~ S600

Make prediction in second Al model
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U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.



Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

L.

The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether the
Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual
has requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of information
shall be required to comply with the requirements of the Privacy Act of 1974, as amended,
pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency
for purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic
Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as part
of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in
accordance with the GSA regulations governing inspection of records for this purpose, and any
other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandoned or in
which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or
local law enforcement agency, if the USPTO becomes aware of a violation or potential violation
of law or regulation.
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Application ¢ umber

Giling | ate
INFORMATION DIS CLOSURE Qirst §ameA Inventor | SAE- i Y™ & PARK
STATEMENT BY APPLICANT At it

( Not for submission under 37 CFR 1.99)

Mtaminer ¢ ame
Attorney | ocket & umber PP68A7284

CERTIFICATION STATEMENT

Please see 37 COR 1.97 anA 1.98 to make tAe appropriate selection(s):

MAat eacA item of information containeA in tAe information Aisclosure statement was first citeA in any communication
[ ] froma forelgn patent office in a counterpart foreign application not more tAan tAree montAs prior to tAe filing of tAe
information Aisclosure statement. See 37 COR 1.97(e)(1).

OR

MAat no item of information containeA in tAe information Aisclosure statement was citeA in a communication from a
foreign patent office in a counterpart foreign applicationAanAAto tAe knowleAge of tAe person signing tAe certification
after making reasonable inquiryAno item of information containeAin tAe information Aisclosure statement was known to

[ ] any inAviAual AesignateA in 37 CER 1.56(c) more tAan tAree montAs prior to tAe filing of tAe information Aisclosure
statement. See 37 COR 1.97(e)(2).

[[] See attacAeAcertification statement.
[] MAe fee set fortAin 37 CER 1.17 (p) Aas been submitteA AerewitA.

A certification statement is not submitteA AerewitA

SIGNATURE
A S|gnature of tAe applicant or representative is require Ain accorAance witA COR 1.33A1A 18. Please see COR 1.4(A) for tAe
form of tAe signature.

Signature /Byungwoong Park/ | ate (YYYY-ceoel | ) 2A25-12-A6

& ame/Print Byungwoong Park Registration & umber 8AN 34

MAis collection of information is requireA by 37 CCR 1.97 anA 1.98. MAe information is requireAto obtain or retain a benefit by tAe
public wAicA is to file (anAby tAe ~ SPMi to process) an application. Conflﬁentlallty is governeA by 35~ .S.C. 122 anA37 CCR
1.14. MAis collection is estimateA to take 1 Aour to completeAncIuAmg gatAerlngApreparlng anA submitting tAe completeA
application form to tAe ~ SPMd . Mme will vary AepenAing upon tAe inAiviAual case. Any comments on tAe amount of time you
require to complete tAis form anA/or suggestions for reAucing tAis burAenAsAoulA be sent to tAe CAief Information d fficerA” .S.
Patent anA Mafemark d fficeA” .S. | epartment of CommerceAP.d . Bo# 145AAAlet#tanAriaAVA 22313-145A. | d ¢ AMSME |
OMVB d R Cd cePhMVMI G RoeS Mi M IS Al | RMSS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA
22313-1450.
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Privacy Act Statement

MAe Privacy Act of 1974 (P.h. 93-579) requires tAat you be given certain information in connection witA your submission of tAe
a}tacAeA form relateA to a patent application or patent. AccorAinglyApursuant to tAe requirements of tAe ActAplease be aAviseA

t: (1) tAe general autAority for tAe collection of tAis information is 35~ .S.C. 2(b)(2); (2) furnisAing of tAe information soliciteAis

voluntary, anA (3) tAe principal purpose for wAicAtAe information is useA by tAe ~ .S. Patent anA MaAemark d ffice is to process
anAVor e#amine your submission relateA to a patent application or patent. If you Ao not furnisAtAe requesteAmformahonAtAe

S. Patent anA MaAemark dffice may not be able to process anAor e#tamine your submissionAwAicAmay result in termination of
proceeAings or abanAonment of tAe application or e#fpiration of tAe patent.

MAe information proviAeA by you in tAis form will be subject to tAe following routine uses:

1.

MAe information on tAis form will be treateA confifentially to tAe e#tent alloweA unfer tAe (reeAom of Information Act
(5~ .S.C. 552) anAthAe Privacy Act (5 © .S.C. 552a). RecorAs from tAis system of recorAs may be AiscloseA to tAe
| epartment of Justice to Aetermine wAetAer tAe Greeom of Information Act requires Aisclosure of tAese recorAs.

A recorA from tAis system of recorAs may be AiscloseMas a routine useAin tAe course of presenting eviAence to a
courtAmagistrateAor aAministrative tribunalAincluAing Aisclosures to opposing counsel in tAe course of settlement
negotiations.

A recorAin tAis system of recorAs may be AiscloseAAas a routine useAto a ceember of Congress submitting a
request involving an inAiviAualAo whom tAe recorA pertainsAwAen tAe inAiviAual Aas requesteA assistance from tAe
ceember witA respect to tAe subject matter of tAe recorA.

~ ArecorAin tAis system of recorAs may be AiscloseAas a routine useAto a contractor of tAe Agency Aaving neeA for
tAe information in orAer to perform a contract. Recipients of information sAall be requireAto comply witAtAe
requirements of tAe Privacy Act of 1974Aas amenAeAApursuant to 5~ .S.C. 552a(m).

A recorArelateAto an International Application fileA unAer tAe Patent Cooperation Meaty in tAis system of recorAs
may be AiscloseMAas a routine useAto tAe International Bureau of tAe WorlAlntellectual Property d rganizationApursuant
to tAe Patent Cooperation Mreaty.

A recorAin tAis system of recorAs may be AiscloseMas a routine useAto anotAer feAeral agency for purposes of
¢ ational Security review (35 ~ .S.C. 181) anAfor review pursuant to tAe Atomic Mnergy Act (42~ .S.C. 218(c)).

A recorA from tAis system of recorAs may be AiscloseAAas a routine useAto tAe AAministratorA- eneral Services/Aor
Ais/Aer Ae3|gneeAAur|ng an inspection of recorAs conAucteA by - SA as part of tAat agency's responsibility to
recommenAimprovements in recorAs management practices anA programsAunAer authority of 44 ~ .S.C. 29A4 anA
29A6. SucA Aisclosure sAall be maAe in accorAance witAtAe - SA regulations governing inspection of recorAs for tAis
purposeAanA any other relevant (i.e. A SA or Commerce) Airective. SucA Aisclosure sAall not be useA to make
Aeterminations about inAiviAuals.

A recorA from tAis system of recorAs may be AiscloseMas a routine useAto tAe public after eitAer publication of
tAe application pursuant to 35~ .S.C. 122(b) or issuance of a patent pursuant to 35 ~ .S.C. 151. QurtAerAa recorA
may be AiscloseAAsubject to tAe limitations of 37 COR 1.14Aas a routine useAto tAe public if tAe recorAwas fileA in
an application wAicA became abanAoneA or in wAicAtAe proceeAings were terminateA anA whicA application is
referenceAby eitAer a publisAeA applicationAan application open to public inspections or an issueA patent.

A recorA from tAis system of recorAs may be AiscloseMas a routine useAto a OeAeralAStateAor local law
enforcement agencyAif tAe ©~ SPMI becomes aware of a violation or potential violation of law or regulation.
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COMBINED DECLARATION (37 CFR §1.63) FOR UTILITY PATENT
APPLICATION AND ASSIGNMENT FORM'

The undersigned acknowledges that this document is being used both as an assignment of the
invention and as the declaration (37 CFR 1.63) for a Utility or Design Application.

WHEREAS, the undersigned, hereinafter referred to collectively as Assignor, has invented:

Title: METHOD FOR PREDICITING COMPOUND-PROTEIN BINDING AFFINITY
AND APPARATUS THEREOF

for which Assignor is about to make or has made United States or International application
for patent.

WHEREAS, as a below named inventor(s), I/(we) hereby declare that:
Section I. Declaration

This declaration is directed to:

X]  The attached U.S. non-provisional patent application, or

[[]  U.S. non-provisional patent application number , filed
on , or

[]  PCT international patent application number __,filedon

The above-identified application was made or authorized to be made by me (us).

I (we) believe that I am (we are) the original inventor (original joint inventors) of a claimed
invention in the above-identified application.

I (we) hereby acknowledge that any willful false statement made in this declaration is

punishable under 18 U.S.C. 1001 by fine or imprisonment of not more than five (5) years, or
both.

I hereby state that I have reviewed and understood the contents of the above identified
application, including the claims.

! This form requires the use of an Application Data Sheet.

COMBINED DECLARATION (37 CFR 1.63) FOR UTILITY PATENT APPLICATION
AND ASSIGNMENT FORM
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I acknowledge that I am aware of the duty to disclose information which is material to
patentability as defined in 37 CFR § 1.56.

Section I1. Assignment

In consideration of the sum of One Dollar ($1.00) and other good and valuable consideration
paid to each of the undersigned, the undersigned hereby sell(s) and assign(s) to

UIF (University Industry Foundation), Yonsei University

having an address at 50 Yonsei-ro. Seodaecmun-gu. Seoul. 03722, Republic of Korea
(hereinafter designated as the Assignee), the entire (100%) right, title and interest for the
United States as defined in 35 USC §100, in the invention described in the application
identified in Section I of this document.

Assignor hereby confirms any prior assignment to Assignee, and to the extent that Assignor
has not already done so, agrees to assign, and hereby does, sell, assign and transfer unto
Assignee and its successors in interest, the full and exclusive right, title and interest in the
United States of America and throughout the world, including the right to claim priority
under the laws of the United States, the Paris Convention, and any foreign countries, to the
inventions as described in the aforesaid application, to the aforesaid application itself, and all
divisions, continuations, continuations-in-part, or other applications claiming priority directly
or indirectly from the aforesaid application, and any United States or foreign Letters Patent,
utility model, or other similar rights which may be granted thereon, including reissues,
reexaminations and extensions thereof, and all copyright rights throughout the world in the
aforesaid application and the subject matter disclosed therein, these rights, title and interest to
be held and enjoyed by Assignee to the full end of the term for which the Letters Patent,
utility model, or other similar rights, are granted and any extensions thereof as fully and
entirely as the same would have been held by Assignor had this assignment and sale not been
made, and the right to sue for, and recover for past infringements of, or liabilities for, any of
the rights relating to any of the applications, patents, utility models, or other similar rights,
resulting therefrom, and the copyright rights;

Assignor hereby covenants and agrees to execute all instruments or documents required or
requested for the making and prosecution of any applications of any type for patent, utility
model, or other similar rights, and for copyright, in the United States and in all foreign
countries including, but not limited to, any provisional, continuation, continuation-in-part,
divisional, renewal or substitute thereof, and as to letters patent any reissue, re-examination,
or extension thereof, and for litigation regarding, or for the purpose of protecting title and to
the said invention, the United States application for patent, or Letters Patent therefor, and to
testify in support thereof, for the benefit of Assignee without further or other compensation
than that above set forth;

Assignor hereby covenants that no assignment, sale, license, agreement or encumbrance has
been or will be entered into which would conflict with this Assignment; and

COMBINED DECLARATION (37 CFR 1.63) FOR UTILITY PATENT APPLICATION
AND ASSIGNMENT FORM
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Assignor hereby requests the United States Patent and Trademark Office to issue the Letters
Patent of the United States of America to Assignee, and requests that any official of any
country or countries foreign to the United States, whose duty it is to issue or grant patents and
applications as aforesaid, to issue the Letters Patent, Utility Model Registration or other
similar right to Assignee.

The undersigned hereby grant(s) the law firm of ZION IP Law PLLC the power to insert on
this Declaration and Assignment any further identification which may be necessary or desirable
in order to comply with the rules of the U.S. Patent and Trademark Office for recordation of
this document. '

Section III. Inventor(s)/Assignor(s) Signature(s)

Family Name First Given Name Second Given
LEGAL NAME OF Name
INVENTOR/ASSIGNOR
PARK SANGHYUN
DATE
SIGNATURE %Vé 25 12.3
Family Name First Given Name Second Given
LEGAL NAME OF Name
INVENTOR/ASSIGNOR
SEO SANGMIN

SIGNATURE ﬁ?w‘» Seo DATEzg/ Z 3

Family Name First Given Name Second Given

LEGAL NAME OF Name

INVENTOR/ASSIGNOR

CHOI SEUNGYEON

SIGNATURE MJM—O’O( DATE 2. ]) %

COMBINED DECLARATION (37 CFR 1.63) FOR UTILITY PATENT APPLICATION
AND ASSIGNMENT FORM
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Family Name First Given Name Second Given
LEGAL NAME OF ——
INVENTOR/ASSIGNOR
KIM HWANHEE
Y DATE
SIGNATURE % Hordn, 25.(x,0%
Family Name First Given Name Second Given
LEGAL NAME OF Nistie
INVENTOR/ASSIGNOR
LEE JIEUN
/ DATE
SIGNATURE ¢ Jipun 25.12.03
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