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@ SOLICITUD DE: -

D Correccion de Error Material | i Modificacion a una solicitud
» Nombre: XY, INC. . )
Sociedad constituida y existente'bajo-las leyes del
Estado de Colorado, Estados Unidos de América.
SOLICITANTE Direccion: 1108 North Lemay Avenue, ‘ IDENTIFICACION
Fort Collins,
Colorado 80524, ‘ C.C. D NIT D
Estados Unidos de Amerqca CE. D Otro D
Domicilio: Fort Collins, . _
Colorado, Namero:
Estados Unidos de America
Teléfono: 546 09 70 Fax: 2494070
E-mail: clientes@camyp.com
‘ IDENTIFICACION
Nombre: Emilio FERRERO
Direccién: Carrera 42 No. 72-35 ce T
REPRESENTANTE |Teléfono: 347 36 11 Fax: 2179211
O APODERADO N . . ce. O o DO
E-mail: cavelier@cavelier.com
Numero: 438.019 TP 31.929
@ Numero de expediente: 03.054.828

Descripcion de la correccién o modificaciérh“,solicitada:
Atentamente informo a Su Despacho quela presgp‘t‘é solicitud de patehte ha sido transferida de la

sociedad COLORADO STATE UNIVERSITY . domiciliada en Colorado State University, Research

Foundation, Room 410, 601 South Howes Street, Fort Collins, Colorado 80522, Estados Unidos de

América a la Sociedad XY, INC., domiciliada en 111018»North Lemay Avenue, Fort Collins, Colorado

80524, Estados Unidos de América. Por lo tanto s‘olicfito la'inscripcién de este cambio para que el

titulo sea expedido a favor de esta ultima sociedad.

Para lo anterior solicito a su Despacho téheﬁ eqv;»cughit"a‘ elboder de'la:Sociedad XY, INC. que reposa

en el expediente y que se presento al m0me,n_tog_défs\o|icita‘r“Ia patente.

@ Comprobante de pagd‘;vNo. 09-2,936 “‘5Eé<>:‘sl‘|“a:> 14 de enero de 2009

Anexos

: Comprobante de pago de la tasa por $111.000, por concepto de modificaciones.

Documento que acredita el traspaso otorgado por la sociedad COLORADO STATE
UNIVERSITY a favor de la sociedad XY, INC. debidamente legalizado.
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EMILIO FERRERO - /FIRMA' . Zzc
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APOSTILLE

(Convention de La Haye du 5 Octobre 1961)

Country: United States of America

This public document
has been signed by CHERYL A SWANSON

acting in the capacity of ~ Notary Public, State of Colorado

bears the seal/stamp of CHERYL A SWANSON, Notary Public, State of Colorado
CERTIFIED

at Denver, Colorado 6. this 1st Day of December, 2008.

By MIKE COFFMAN, Secretary of State, State of Colorado / '

Certificate Number 173069 .
(OFFICIAL SEAL) 10. Signature:

TN TN
\.. T \ ﬁ&a%gégelpu .
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UNITED STATES OF AMERICA )

\STATE OF COLORADO

COUNTY OF LARIMER

I, Cheryl A. Swanson, a Notary Public in and for said state Colorado, County of Larimer, do certify
that on November 20, 2008, I carefully compared with the original the attached facsimile of
SUMMARY OF ASSIGNMENT OF PATENT RIGHTS and the facsimile I now hold in my
possession. They are complete, full, true, and exact facsimiles of the document they purport to

(,}W/ﬂ QDb on

reproduce.

( -
COPY CERTIFICATION
)
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Notary Public

My Commission Expires: 2; L //,'2 ol
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SUMMARY OF ASSIGNMENT OF PATENT RIGHTS

THIS SUMMARY ASSIGNMENT OF PATENT RIGHTS is made as of the
effective date of the Original Assignment, 29 September 2006, between and among
Colorado State University Research Foundation, 601 South Howes, Fort Collins, CO
80521, a Colorado Corporation (“CSURF”) and XY, Inc., 1108 North Lemay, Fort Collins,
CO 80524, a Colorado Corporation (“XY”),

WHEREAS, this Summary Assignment incorporates by reference the Assignment
of Patent Rights of 29 September 2006 and does not modify or supersede the terms of the
Original Assignment; '

WHEREAS, CSURF, otherwise known as “CSU through its agent CSURF”,
“C.S.U.RF.”, and “CSU of CSURF”, own certain intellectual property developed by CSU
employees under Research Agreements between CSU and XY

WHEREAS, CSURF by virtue of assignment directly from CSU employees, owns

in whole or in part the grants of patents and patent applications set forth in Schedule A;
and

WHEREAS, to facilitate recording, CSURF and XY desire to summarize their
assignment of all Patent Rights listed in Schedule A.

NOW, THEREFORE, for good and valuable consideration, receipt of which is
hereby acknowledged, each of the undersigned agrees as follows:

CSURF hereby assigns all its right, title, and interest in and to the Patent Rights

listed in Schedule A to XY in accordance with the terms of the Original Assignment of 29
September 2006.

The parties grant the firm of Santangelo Law Offices, P.C., the power to insert on
this Summary of Assignment of Patent Rights or any other document any further
identification which may be necessary or desirable such as to indicate filing information or
to comply with the rules of the United States Patent Office or any foreign patent office for
recordation of this document, including, but not limited to, inserting the application

number, the execution date, mailing information, or the filing date of the above-identified
Patent Application(s).

EFFECTIVE as of the day and year first above written.

SIGNATURES ON FOLLOWING PAGES

\ 6
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Colorado State University Research Foundation, a.k.a. CSUREF, C.S.U.R.F., and CSU

thrmwggxt CSURF |
( \ | o i
By: [ O‘y ) N Date:_([[y]
Todd Headley ) !
Director of Techno ‘Transfer of Colorado State University Research Foundation

Witness: %%5752_@\« Witness: /@/«- /é?'n/rw;/\——

Date: ////57/9 & Date: /) - §$-0F
UNITED STATES OF AMERICA )
STATE OF COLORADO ) ,
COUNTY OF LARIMER )

SUSCRIBED AND AFFIRMED OR SWORN to before me in the City of Fort Collins,
County of Larimer, State of Colorado, United States of America, by Todd Headley, as
Director of Technology Transfer of Colorado State University Research F oundation, a.k.a.
CSURF, C.S.URF., and CSU through its agent CSURF, this 5_ day of November, 2008.

WITNESS my hand and official seal pursuant to the authority vested in me as a Notary
Public by the State of Colorado. i

oy & Sev

" \
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My Corflg;sson Expiresc%‘&@_mﬁ

|
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XY, Inc. ) | |
By: m& Date: WQO N“”wﬂ

Co-CEQJof XY, Inc. ’
Witness( . z ~ Witness: 7,3 7@3

Date: [Ygdlng Date: J//’/v/é}/& 7.

UNITED STATES OF AMERICA )
STATE OF | JNQD
COUNTY OF _VBricicS )

SUSCRIBED AND AFFIRMED OR SWORN to before me in the City of L\au (60‘{(0

, County of YxXeos , Statf\ of Texas, United States of America, by Juan
Moreno, as Co-CEO of XY, Inc., this day of November, 2008. WITNESS my hand
and official seal pursuant to the authority vested_in me as a Notary Public by the State of

Texas. |
;/ /7? Ll LOMU

Notary Public

1 MY COMMISSION EXPIRES My Commission Expires: OMTV/U 29,2012
October 22, 2012

‘:m"" ’*49; LORENZA R. NUNEZ

B



SCHEDULE A
Technology Country Serial No Filing Date
Equine - Argentina Argentina 99 01 03763 7/29/1999
Freeze Then Sort -
Argentina Argentina P0105573 11/30/2001
Frozen - Argentina Argentina P 0001 06162 11/22/2000
Herd Management System
— Argentina Argentina P010102801 6/13/2001
IVF - Argentina Argentina P0105574 11/30/2001
Lodo - Argentina Argentina 98 01 06775 12/30/1998
Lodo - Argentina Div 1 Argentina P0601103544 8/14/2006
Super O - Argentina Argentina P99 0100362 1/29/1999
Freeze Then Sort - NP-
Australia Australia 2002237689 6/30/2003
Freeze Then Sort - NP-
Australia - Div 1 Australia 2008200810 2/21/2008
Herd Management System
- NP Australia Div | Australia 2006230658 | 10/17/2006
Herd Management System ,
- NP-Australia Australia 2001269795 12/20/2002
Lodo - NP-Australia Australia 20239/99 | 6/30/2000
Lodo - NP-Australia -
Divisional 1 Australia 2003213537 7/17/2003
Lodo - NP-Australia -
Divisional 2 Australia 2007200700 2/15/2007
Low Pressure - NP —
Australia Australia 2003265362 8/1/2003
Sonicator — NP-Australia Australia 33037/99 8/17/2000
Equine - NP-Brazil Brazil PI 991.2539-0 1/29/2001
Freeze Then Sort - NP-
Brazil Brazil P1011.5792-2 5/29/2003
Herd Management System
- NP-Brazil Brazil PI1011.1618-5 2/12/2002
IVF - NP-Brazil Brazil PI0115791-4 5/29/2003
Lodo - NP-Brazil Brazil PI 981.4568-1 6/30/2000
Low Pressure - NP - Brazil | Brazil P1031.3163-7 2/1/2005




Equine - NP - Canada

Canada 2338194 7/29/1999
Freeze Then Sort - NP- |
Canada Canada 2468772 ‘| 5/28/2004
Herd Management System ;
- NP-Canada Canada 2411462 1 12/12/2002
IVF - NP-Canada Canada 2468774 || 1/24/2005
|
Lodo - NP-Canada Canada 2316080 i 7/21/2000
Low Pressure - NP — i
Canada Canada 2532376 /| 3/10/2006
Sonicator —~ NP-Canada Canada 2321075 : 8/15/2000
Equine — Chile Chile 1767-2000 5 6/30/2000
Freeze Then Sort - NP-
Chile Chile 3017-2001 2/11/2002
IVF — Chile Chile 3016-2001 12/11/2001
Lodo — Chile Chile 1766-2000 t 6/30/2000
Lodo - NP-China China 98813255.9 1| 7/21/2000
Sonicator — NP-China China 99803760.5 : 9/17/2000
Freeze Then Sort - NP- l
Colombia Colombia 03.054.825 11 6/27/2003
IVF - NP-Colombia Colombia 03054828 1| 6/30/2003
Equine - NP-Europe Europe 99937611.4 H 1/26/2001
Equine - NP-Europe - Div f
1 Europe 07 023 690.6 1| 12/6/2007
Herd Management System I
- NP-Europe Europe 01948330.4 'l 1/10/2003
Lodo - NP-Europe Europe 98965046.0 '| 8/29/2000
Lodo - NP-Europe-Divl Europe 7008703.6 1| 4/27/2007
Low Pressure - NP — f
Europe Europe 03767201.1 || 5/25/2005
Sonicator — NP-Europe Europe 99934338.7 /| 8/18/2000
Lodo - NP-Georgia Georgia 1998 004031 7/27/2000
198 82 943 4 |
Lodo - Germany Germany (#confirmed) 6/30/2000
Lodo - Germany - Div 1 Germany DE 19861445.4 8/3/2007
f
Lodo - Germany-Utility | Germany 298 24 915.4 il 3/5/2003
Lodo - NP-Hong Kong Hong Kong 01102769.4 Il 4/18/2001
. |

| §0



Lodo - NP-Israel Israel 137079 6/29/2000
Lodo - NP-Israel Div 1 Israel
Sonicator - NP-Israel Israel 137944 8/18/2000
Equine - NP-Japan Japan 2000-562047 1/26/2001
Herd Management System :
- NP-Japan Japan 2002-510001 12/11/2002
Lodo - NP-Japan Japan 2000-526614 6/29/2000
Lodo - NP-Japan - Divl Japan 2002-44035 2/20/2002
Lodo - NP-Japan - DivIl Japan 2005-380486 12/12/2005
Lodo - NP-Japan - DivIIl | Japan 2007165690 6/22/2007
Low Pressure - NP - Japan | Japan 2004-526449 | 3/29/2005
Sonicator - NP-Japan Japan 2000-532701 | 8/17/2000
Equine - NP-Mexico Mexico PA/a/2001/000968 1/26/2001
Herd Management System :
- NP-Mexico Mexico PA/a/2002/012313 12/11/2002
Lodo - NP-Mexico Mexico PA/a/2000/006526 | 6/30/2000
Low Pressure - NP —
Mexico Mexico PA/a/2005/001100 | 3/17/2005
Sonicator — NP-Mexico Mexico 008024 | 8/17/2000
Equine - NP-New Zealand | New Zealand | 509434 1 1/17/2001
Equine - NP-New Zealand ’
- Div 1 New Zealand | 527659 | 8/18/2003
Herd Management System :
- NP-New Zealand New Zealand | 523569 | 1/10/2003
Lodo - NP-New Zealand New Zealand | 505330 1 6/21/2000
Lodo - NP-New Zealand — :
Div New Zealand | 522607 | 11/15/2002
Lodo - NP-New Zealand -
Div 2 New Zealand | 522607 1 5/13/2004
Low Pressure - NP - New '
Zealand New Zealand | 538462 | 212412005
Sonicator - NP-New : i
Zealand New Zealand | 506454 | 8/21/2000
Lodo - NP-Norway Norway 2000-3424 6/30/2000
Equine - PCT PCT PCT/US99/17165 | 7/28/1999
Freeze Then Sort - PCT PCT PCT/US01/45023 11/29/2001
Herd Management System . ;

| =PCT PCT PCT/USO01/18879 | 6/12/2001
IVF —PCT PCT PCT/US01/45237 | 11/29/2001
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Lodo — PCT PCT PCT/US98/27909 12/31/1998

Low Pressure - PCT PCT PCT/US03/24460 | 8/1/2003

Sonicator — PCT PCT PCT/US99/03638 | 2/19/1999

Lodo - NP Russia Div 1 Russia 2007112783 | 4/5/2007

Lodo - NP-Russia Russia 2000120216 7/28/2000

Herd Management System !

- NP-South Africa South Africa | 2003/0186 11/8/2003

Lodo — Spain Spain 2000-500526 1 6/30/2000

Lodo - NP-Ukraine Ukraine 2000074569 :| 7/28/2000
United | ‘

Lodo - United Kingdom Kingdom 0016132.3 7/3/2000

Lodo - United Kingdom- | United . @

Divisional 1 of 00 161 32.3 | Kingdom 0300479.3 '| 1/9/2003

Lodo - United Kingdom- United :

Divisional 2 of 00 161 32.3 | Kingdom 0300478.9 it 1/9/2003

Lodo - United Kingdom- United l

Divisional 3 of 00 161 32.3 | Kingdom 0300480.1 i 1/9/2003

Equine - NP-United States | United States | 09/744,675 : 1/29/2001

Freeze Then Sort - NP- ‘ i

United States United States | 10/433,183 i| 5/29/2003

Freeze Then Sort - United 1, :

States Continuation United States |'11/536,576 ! 9/28/2006

Herd Management System

- United States-CIP United States | 09/879,480 16/12/2001

IVF - NP-United States United States | 10/433,191 ' 5/29/2003

IVF - NP-United States - ,

Cont 1 United States | 11/508,133 : 8/21/2006

Lodo - NP-United States United States | 09/582,809 ' 6/30/2000

Lodo - United States - |

Continuation 1 United States | 11/536,492 | 9/28/2006

Lodo - United States - |

Continuation 2 United States | 11/613,605 12/20/2006

Lodo - United States - : !

Divisional 1(Div of Patent }

No. 6,149,867) United States | 09/511,959 | 2/23/2000

Lodo - United States -

Divisional 2 (Divisional of : | '

6,524,860) United States | 10/378,109 1 2/25/2003

Lodo - United States- | '

NonProvisional United States | 09/001,394 | 12/31/1997

uLO 0
0
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Low Pressure - NP - US United States | 10/523,268 1/31/2005
Sonicator - NP-United

States United States | 09/622,621 8/18/2000
Super O - United States-

Continuation (Continuation

0f 09/015,454) United States | 09/448,643 1 11/24/1999
Super O - United States-

Continuation 2

(Continuation of ‘ .

09/015,454) United States | 10/081955 1 2/2/2002
Super O - United States- i
NonProvisional United States | 09/015,454 I} 1/29/1998
Freeze Then Sort — !

Uruguay Uruguay 27.052 '| 11/30/2001
Herd Management System !

—Uruguay Uruguay 26.761 1 6/12/2001
IVF — Uruguay Uruguay 27.051 | 11/30/2001
Lodo — Uruguay Uruguay 25.333 | 12/30/1998
Lodo - Uruguay - E

Divisional 1 (Divisional of ;

25.333) Uruguay 26.669 | 4/17/2001

L8>
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TRADUCCION OFICIAL No. 12.30/08b realizada por Diego Vargas, Traductor

-

Oficial, Resolucién No. 0001 de 1999 del Ministerio de Justicia y

R

registrado ante el Ministerio de Relaciones Exteriores de Colombia.

RESUMEN DE LA CESION DE DERECHOS DE PATENTE

ESTE RESUMEN DE LA CESION DE DERECHOS DE PATENTE se suscribe
en la fecha de entrada en vigencia de la Cesién Original el 29 de
septiembre de 2006 entre Colorado University Research Foundation,

'601 South Howes Collin, CO 80521, una sociedad de Colorado
i!’ ("CSURF”) y XY, Inc., 1108 North Lemay, Fort Collins, CO 80524, una

sociedad de Colorado (“XY”).

CONSIDERANDO, que esta Cesidn Resumida incorpora por
referencia a la Cesién de Derechos de Patente del 29 de septiembre
de 2006 y no modifica ni sobresee los términos de la Cesién

Original;

CONSIDERANDO, gque CSURF, también conocida como “CSU a través

; \ de su agente CSURF”, “C.S.U.R.F.” y “CSU de CSURF”, es propietaria
de cierta propiedad intelectual desarréllada por los empleados de

CSU de conformidad con los Acuerdos de Investigacién entre CSU y

XY;

CONSIDERANDO, que CSURF en virtud de una cesién directa de los
empleados de CSU es propietaria total o parcialmente de los
derechos de patente y de las solicitudes de

el Anexo A;

CONSIDERANDO, que para facilitar el

el Anexo A.
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POR CONSIGUIENTE, por contraprestacidén legal y wvalida, el

recibo y suficiencia de la cual se reconoce por el presente, cada

una de las suscritas acuerda lo siguiente:

CSURF por el presente cede todo su derecho, titulo e interés
en y a los Derechos de Patente relacionados en el Anexo A a XY de

conformidad con los términos de la Cesién Original del 29 de

septiembre de 2006. ‘

Las partes otorgan a la firma de abogados Santangelo Law
Office, P{C., el poder para inscribir en este Resumen de Cesién de
Derechos de Patente o de cualquier otro documento cualqguier otra
identificacién que sea necesaria o conveniente para que indique la
informacién de presentacién o para cumplir con las normas de 1la
Oficina de Marcas y Patentes de los Estados Unidos o de cualquier
oficina extranjera de patentes para el registrq de este documento,
incluyendo, mé&s no limitado, a la anotacéén del numero de
solicitud, 1la fecha de suscripcién, la informacién de envio por

correo, o la fecha de presentacién de las solicitudes de patente

indicadas anteriormente.

CON VIGENCIA a partir del dia y la fecha in

SPANCL l' t(l - \[{\

\[s H>« SPANOL
FIRMAS EN LAS PAGINAS SIGUIENTES RES. 0001 DE ENERD) 4 DE 1999
MAMISTERIO DE JUSTICIA
Colorado State University Research Foundation, también conocida
como CSURF, C.S.U.R.F. y CSU a través de su agente CSURF.
Por Firma Ilegible Fecha: a 0GOTA,
T “‘*oce.';az
Todd Headley o] AM moam/
Director de Transferencia de Tecnologia b a’“l . <
University Research Foundation 1 J \
,»’ SCOLL
‘ .:v DA
Testigo: Firma Ilegible Testigo: Firm A
=N
Fecha: 11/5/08 Fecha: 11-5-08 \\\ -
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ESTADOS UNIDOS DE AMERICA ) x

‘ESTADO DE COLORADO )

. CONDADO DE LARIMER )

SUSCRITO Y DECLARADO O JURAMENTADO ante mi en la ciudad de Fort
Collins, Condado de Larimer, Estado de Colorado, Estados Unidos de
América, por Todd Headley, como Director de Transferencia de
Tecnologia de Colorado State University Research Foundation también
conocida como CSURF, C.S.U.R.F. y CSU a través de su agente CSURF,
hoy 5 de noviembre de 2008. TESTIFICA mi firma y sello de oficio de

N . . . . . . s
. conformidad con la autoridad investida en mi como Notario Publico

AR

por el Estado de Colorado.

Firma Ilegible
Notario Publico
Mi Comisidén Vence: Julio 2 de 2009

XY, Inc.

Por Firma Ilegible Fecha: Nov 14 de 2008

Juan Moreno

Lo Co~-Director ejecutivo de XY, Inc.

Testigo: Firma Ilegible Testigo: Firma Ilegible
Fecha: 11/14/08 Fecha: 11/14/08

ESTADOS UNIDOS DE AMERICA ) ; _
ESTADO DE Texas ) RADUCTOR B INTERPRETE CFICIAL

CONDADO DE Brazos ) ESPARNOL - INGLES — INGLES - E5PANOL
RES. Q001 DE ENERO 4 DE19YY
MUINISTERIC DE JUSTICIA

' IRGULG F BOGOTA. )
E |\ ¥ PIA:
p 'g‘,°°°|sr¢_;

Navasota, Condado de_Brazos, Estado de Texas |coMd ARy

América, por Juan Moreno, como Co-Director Ej

hoy 14 de noviembre de 2008. TESTIFICA mi firm4

de conformidad con la autoridad investida en mi

Piblico por el Estado de Texas.




LORENZA R. NUREZ Firma Ilegible
" Mf COMISION VENCE Notario Publico

Octubre 22 de 2012 Mi Comisidén Vence: Julio 2 de 2009

ANEXO A

Tecnologia Pais No. de Expediente |Fecha presentacién
[...]

Freeze then Sort-|Colombia 03.054.825 6/27/2003
NP-Colombia

IVFE-NP-Colombia Colombia 03054828 6/30/2003

[...]

‘F CERTIFICACION DE COPIA
ESTADOS UNIDOS DE AMERICA )
ESTADO DE COLORADO )

CONDADC DE LARIMER )

Yo, Cheryl A. Swanson, Notario Publico en y para el Estado de
Colorado, Condado de Larimer, por el presente certifico que el 20
de noviembre de 2008, comparé de manera con diligencia la copia
facsimilar con el original del RESUMEN DE CESION DE DERECHOS DE
PATENTE y que la copia facsimilar que tengo en mi poder es una
copla completa, entera y exacta del documento que reproduce.

Firma Ilegible
Notario Publico

Sello Notarial
' Mi Comisidén Vence: 8/21/2011

L QUEN A
QINAL QUE B
ne - 84biRLICA DE

Escudo de Armas

APOSTILLA

1. Pais: Estados Unidos de América OHilia
Ol INGLES = INGLES - ESFAROL
Este documento plblico RES. 0001 D ENERG 4 DE 1999
BMISTERIO) DE JUSTICIA
2. ha sido firmado por CHERYL A SWNASON




L

.3.' actuando en calidad de Notario Publico, Estado de Colorado

4. lleva el sello/estampilla de la CHERYL A SWNASON, Notario

Pﬁblicb, Estado de Colorado

CERTIFICADO

5. en Denver, Colorado 6.hoy 1 de diciembre de 2008

j
7. por MIKE COFFMAN, Secretario de Estado, Estédo de Colorado

| !

8. Certificado Numero 173069 | v

|
9. (SELLO OFICIAL): 10. Firma:

Firma Ilegible

Es traduccién fiel y completa de la cual se deja copia en esta

oficina para su confrontacién.

DVZ\DVZ\ID-141422\WPCLO02H\WPCL0O02G\COLO 13577-841-002-1

o)

| 85

SR ANOL

NERG 4 DE 1999



SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

NIT @ 8001760892

RECIBO OFICIAL DE CAJA

: 09 - 2,939
FECHA : ENERD 14 DE 2009
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
A
| re s pos D IOLREREDN
Act. 329 CTOINFORMACGION  Folios: 18
et CONSIGNACION 18 )
DEPOSITANTE " TIPO PAGO BANCO CUENTA No. PAGD FECHA P&O Yr. PAGD
- wIER ABOGADOS CONSIGNACION  BANCO DE BOGOTA 062754387 107218922  13/01/2009

1y C 0 N CEP T 0 ik

CANT.

RENTISTICD

61,689,000.00

CONCERTD

TOTAL CONCEPTO

1 50005-01-03 CAMBIO DE MODALIDAD Y HODIFICA

S0M:  CIENTD ONCE MIL PESOS

RESPONSABLE :

e
u .

3 ,

PT"TBG DE CAJA APLICADD AL EXPEDIENTE Ho.

(o 18534 H3007LO

12 HARCAS Y LEMAS CORERCIALES

111,000.00

TOTAL $ 111,000.00

LY A
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Industria y Comercio
SUPERINTENDENCIA

DIVISION DE NUEVAS CREACIONES

RADICACION EXPEDIENTE No. 03-54828

EL EXTRACTO DE LA PRESENTE SOLICITUD DE PATENTE DE INVENCION
FUE PUBLICADO EN LA GACETA DE PROPIEDAD INDUSTRIAL No 546 DE
FECHA 30 DE NOVIEMBRE DE 2004 EL. TERMINO HABIL SENALADO POR LA

LEY EXPIRA EL 24 DE FEBRERO DE 2005

NOTA: Dentro del plazo de los seis (6) meses siguientes a partir de la fecha de publicacién
en la gaceta de Propiedad Industrial, deberd solicitar y cancelar el examen de
patentabilidad so pena de que la solicitud caiga en abandono, de acuerdo con lo
establecido en el Articulo 44 de la Decision 486/2000.

SE PRESENTARON OPOSICIONES POR PARTE DE TERCEROS.
Sl NO X
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US006149867A

United States Patent 9

Seidel et al.

[54] SHEATH FLUIDS AND COLLECTION
SYSTEMS FOR SEX-SPECIFIC CYTOMETER
SORTING OF SPERM

[75] Inveniors: George Seidel, LaPorte; Lisa
Herickhoff; John Schenk, both of Fort
Collins, all of Colo.

[73] Assignee: XY, Inc., Fort Collins, Colo.

[21] Appl. No.: 08/001,394

[22] Filed: Dec. 31, 1997
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SHEATH FLUIDS AND COLLECTION
SYSTEMS FOR SEX-SPECIFIC CYTOMETER
SORTING OT SPERM

1. BACKGROUND OI Tl INVENTION

This invention relates generally to the field of sex selec-
lion in mammalian oftspring. It is cspecially relevant to the
aspect of low dose artificial insemination for creating the
desired sex of offspring. Particularly, the invention relates to
systems [or sorting sperm via flow cytometry for sex-
specific and low dose efforts al artificial insemination or the
like.

For ages it has been desired to select the sex of specific
offspring. Beyond obvious psychological aspects, the actual
sex selection of mammalian offspring has significant eco-
nomic consequences when one considers its application to
food producing animals such as cattle as well as celebrated
trophy animals such as horses and the like. This great desire
has resulted in a significant varicty of cfforts to achieve
sex-selected offspring. Probably the effort which has
appeared most likely to achieve the desired results has been
efforts at sorting and selecting between X and Y sperm prior
o insemination.

One of the challenges that effort at sorting X and Y sperm
has faced is the large numbers of sperm involved. In natural
insemination sperm are produced in some specics by the
billions; in artificial insemination less, but still significantly
large numbers of sperm are used. For instance, artificial
insemination techniques commonly use ten million to five
hundred million sperm (depending on species). Thus a
significant number of sperm are nccessary cven in an
artificial insemination environment.

Many methods have been attempted to achieve the sepa-
ration of X- and Y-chromosome bearing sperm. These meth-
ods bave ranged from magnetic techniques such as appears
disclosed in U.S. Pat. No. 4,276,139 to columnar techniques
as appears disclosed in U.S. Pat. No. 5,514,537 to gravi-
metric techniques as discussed in U.S. Pat. No. 3,894,529,
reissue U.S. Pat. No. 32350, U.S. Pat. Nos. 4,092,229,
4,067,965, and 4,155,831, Electrical propertics have also
been attempted as shown in U.S. Pat. No. 4,083,957 as well
as a combination of electrical and gravimetric properties as
discussed in U.S. Pat. Nos. 4,225,405, 4,698,142, and 4,749,
458. Motility efforts have also been attempted as shown in
U.S. Pat. Nos. 4,009,260 and 4,339,434, Chemical tech-
piques such as those shown in U.S. Pat. Nos. 4,511,661 and
4,999,283 (involving monoclonal antibodies) and U.S. Pat.
Nos. 5,021,244, 5,346,990, 5,439,362, and 5,660,997
(involving membrane proteins), and U.S. Pat. Nos. 3,687,
803, 4,191,749, 4,448,767, and 4,680,258 (involving
antibodies) as well as the addition of serum components as
shown in U.S. Pal. No. 4,085,205. Whilc cach of these
technigues has been presenied as if to be highly efficicnt, in

fact at present none of those lechniques vield the desired s

level of sex preselection.

At present, the only quantitative technique used to
achicve the scparation of X -and Y-chromosome bcearing
sperm has been that involving individual discrimination and
separation of the sperm through the techniques of flow
cytometry. This technique appeared possible as a result of
advances and discoveries involving the differential dye
absorption of X- and Y- chromosome bearing sperm. This
was discussed early in U.S. Pat. No. 4,362,246 and signifi-
cantly expanded upon through the fechniques disclosed by
Lawrcence Johnson in U.S. Pat. No. 5,135,759. The Johnson
technique of utilizing flow cytometry to separate X- and
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Y-chromosome bearing sperm has been so significant an
advancement that it has for the first time made the commer-
cial scparation of such sperm feasible. While still
experimental, separation has been significantly enhanced
through the utilization of high speed flow cytometers such as
the MoFlo® flow cytometer produced by Cytomation, lnc.
and discussed in a variety of other patents including U.S.
Pat. Nos. 5,150,313, 5,602,039, 5,602,349, and 5,643,796 as
well as international PCT patent publication WO 96/12171.
While the utilization of Cytomation’s MoFlo® cylometers
has permitted great increases in speed, and while these speed
increases are particularly relevant given the high number of
sperm often used, certain problems have still remained. In
spite of the almost ten-fold advances in speed possible by the
MoFlo® flow cytometer, shorter and shorter sorting times
have been desired for several reasons. First, it has been
discovered that as a practical matter, the sperm are time-
critical cells. They loose their effectiveness the longer they
remain unused. Second, the collection, sorting, and insemi-
nation timings has made speed an item of high commercial
importance. Thus, the time critical nature of the sperm cells
and the process has made speed an essenfial clement in
achieving high efficacy and success rates.

Other problems also exist ranging from the practical to the
theoretical. On the practical side, it has been desired to
achieve sex-sorted sperm samples using inexpensive dispos-
able components and substances. Also on the expense side,
it has been desired to be able to achieve sorting (as well as
collection and insemination) in as efficient a labor event as
possible. Thus, for commercial production and success in
this ficld, improvements which might only represent an
increase in cfficicncy may still be significant. Related to the
practical aspect of expense, is the practical aspect of the
delicateness and sensitivity of the entire process. In this
regard, it has been desired to simplify the process and make
it as procedurally robust as possible so that operator crror or
skill can play an ever decreasing role.

In addition to the delicateness of the process, it has always
been known that the sperm themselves are extremely deli-
cale cells. While this factor at first glance seems like it might
be considered easily understood, in fact, the full extent of the
cells’ sensitivities have not yet been fully explored. In the
context of flow cytometry in general, most sorted cells or
particles have often been spherical or otherwisc physically
able to withstand a variety of abuses. This is not the case for
sperm cells. In fact, as the present invention discloses, the
processing through normal flow cytometer techniques may,
in fact, be unacceptable for cytometric sorting of sperm cells
in certain applications. The sensitivities range from dilution
problems and the flow cytometer’s inherent need o isolate
and distinguish each cell individually as well as the pressure
and other stresses which typical flow cytometry has, prior to
the present invention, imposed upon the cells or other
substances that it was sorting. This may also represent a
unique factor for sperm cells because it appears that even
though the sperm cell may appear to pass through the flow
cytometer and be sorted with no visually discernable side-
effects, in fact, the cells themselves may have been stressed
to the point that they perform less than optimally in the
insemination process. Thus, an interplay of factors seems
involved and has raised unusual problems from the perspec-
tive of sperm cell sorting and ultimate use for artificial
insemination.

Aunother problem which has remained—in spite of the
great advances achieved through the Johnson patent and
related technology—is the fact that prior to the present
invention it has been extremely difficult to achieve lower
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dosage insemination with sexed sperm. While historically,
some achievement of low dose insemination has occurred, it
has appcared to be morc on a theorctical or laboratory
cnvironment rather than from eavironments which are likely
10 be experienced in or applicable to a commercial applica-
uon. In this regard, the desire has not been merely to achieve
low dose insemination but rather to achieve low dose
inscmination with pregnancy success rates which arc com-
parable 1o existing unscxed, high dosage artificial insemi-
nation efforts. Thus, the advances achicved by the present
inventors in both sexed and low dose artificial insemination
represent significant advances which may, for the first time,
make commercial applications feasible.

Another problem which has been faced by thosc in the
industry—again, in spite of the great advances by the
Johnson patent and related technology—is the fact that the
problem itself, namely, artificial insemination with a high
suceess rate is one of  statistical nature in which a multitude
of factors seem to interplayv. Thus, the solutions proposed
mav 1o some degree involve a combination of factors which,
when thoroughly statistically studicd. will be shown to be
necessary elther in isolation or in combination with other
factors. Such a determination is {urther compounded by the
fact that the results themselves vary by species and may be
difficult to ascertain due to the tact that testing and statistical
sampling on a large cnough data basc is not likely to be
worth the effort at the iniual stages. For these reasons the
invention can also involve a combination of [actors which
mav, individually or in combination, represent the appropri-
atc solutions for a given application. This disclosure is thus
to be considered broad enough so that the various combi-
nations and permeations of the techniques disclosed may be
achieved. Undiscovered synergies may exist with other
tfactors. Such factors may range trom factors within the

sarting or flow cytometer steps to those in the collection as

well as lnsemination steps. At present, studics have been
primarily achieved on bovine species, however, it is not
believed that these techniques will be limited to such species
or. for that matter to only sperm cells. It appears that the
technigues used may have application beyond just sperm
cells into arcas which involve cither sensitive items to be
sorted or merely minimization of the impacts of the stresses
of flow cytometry upon the item sorted.

Interestingly, while the present invention takes an
approach 0 minimize the impacts and stresses upon the
sperm cells, others appedr to have actually taken steps away
from this direction by increasing pressures and demands for
speed and other such performance. Essentially, the drive for
low dose insemination and high speed processing may, in an
individual or perhaps interrelated fashion bave posed prob-
lems which limited one another. Thus, while there has been
a long felt but unsatisfied need for high speed, low dose
sexed insemination, and while the implementing arts and
clements have long been available, prior to the present
invention the advances or perhaps combinations of advances
had apparcntly been overlooked by those skilled in the art.
Perhaps to same degree they failed to appreciate that the
problem involved an interplay of factors as well as peculiar
necessities tor the types of cells (sperm cells or perhaps
species-specific sperm cells) involved in this field.
Interestingly, as the listing of efforts earlier in this discussion
shows, substantial attempts had been made but they appar-
ently failed to understand the problem inherent in such an
arca as low dose. sexed insemination and had perhaps
assumed that because the natural service event involves
perhaps billions of sperm, there may have been physical
limitations to the achievement of artificial insemination with
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numbers which are as many as four orders of magnitude less
in number. Thus, it may not be surprising that there was to
somc extent an actual tcaching away from the technical
direction in which the present inventors went. Perhaps the
results may even be considered unexpected to a -degree
because they have shown that sexed, low dose artificial
insemination can be achieved with success rates comoarable
to those of unsexed, high dose artificial insemination. It
might cven be surprising to some that the techniques and
advances of the present invention in fact combinc to achicve
the great results shown. While each technique could, in
isolation, be viewed by some as unremarkable, in fact, the
subtle changes appear to afford significant advances in the
end result—whether considered alone or in combination
with other subtle changes.

Thus, until the present invention the achicvement of
success rates for low dose, sexed artificial insemination has
not been possible with levels of performance necessary or
simplified procedures hkely to be necessary to achieve
commercial implementation. The present invention dis-
closcs techniques which permit the achicvermcent of
improved performances and thus facilitate the crd result
desired, namely, low dose, sexed artificial insemination on a
commercial basis.

I1. SUMMARY OF THE NVETION

Accordingly, the present invention provides improved
sheath and collector systems for sorting of sperm cells 1o
determine their sex through a flow cytometer. The sheath
fluid as typically used in a flow cytometer is replaced with
a fluid which minimizes the stress on the sperm celis as they
are sorted. Furthermore, the collection system is improved to
minimize both the physical and chemical stress to which the
sperm cells are subjected. Various techniques and substances
are represented but as those skilled in the art will readily
understand, various combinations and permutations can be
uscd in the manner which may be optimized for performance
bascd In the species, goals and other paramcters involved in
a specific processing application.

An object of the invention is thus to achieve better sorting
for substances such as sperm cells. A goal is to minimize the
impact the sorting function itsclf has on the cells or other
sensitive iterms which may be sorted. A particular goal 1s o
minimize the impact the sheath fluid imposes upon the cells
and to potentially provide a sheath fluid which affirmatively
acts to assist the cells in handling the various stresses
involved. A parallel goal is to provide substances and
techniques which are especially suited for sperm cells in
general, for bovine sperm cells, for equine sperm cells, and
for the scparation of such sperm cells into X- and
Y-chromosome bearing components. Similarly a goal is to
minimize the impacts that the collection phase {e.g., alter
sorting) has upon the cells and to minimize the physical
impact as well as chemical impacts on such sex serted sperm
cells. Thus a goal is to achieve as unaffecied a sorted result
as possible.

Another object of the invention is to achieve low dose,
sorted insemination on levels and with success rates which
arc comparable to those of the typical unscxed, high dosc
artificial insemination. Thus the prior goals of minimizing
the stress or potential damage upon the sperm cells 1s
important. Sorting in a manner which affords both high
speed and low stress sorting, and which is especially adapted
for sperm cell sorting in a low dose conlext 1s an important
goal as well. The goals of providing sheath and other fluids
which do not negatively affect the fertility of the sperm and
which arc compatiblc with artificial inscmination arc also
important.
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Naturally further objects of the invention are disclosed
throughout other areas of the specification and claims.

T11. BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram of a sorter system accord-
ing to the present invention.

FI1G. 2 is a diagram of the entrained cells in the free fall
area of a typical flow cytometer.

FIG. 3 is a conccptual diagram showing differences as
{hey roughly appear as a result of the present invention.

FIG. 4 is a diagram of the sorted cell stream as they are
collected in the landing zone area.

V. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

As will be seen, the basic concepts of the present inven-
tion can be combined and embodied in a variety of ways,
The invention involves both improved flow cytomcter sys-
tems as well as systems for the creation of sex-specific
sperm samples which may be used in artificial insemination
and the animals produccd by such techniques. Furthermore,
the techniques are disclosed in a general [ashion so that they
may be applied to specific systems and applications once the
general principals are understond. While device enhance-
ments are disclosed it should be understood that these
cnhancements not only accomplish certain methods but also
can be varied and combined in a number of ways.
Importantly, as to all of the foregoing, each of these facets
should be understood to be encompassed by this disclosure.

As mentioned, the basic goal is that of scparating the
X-bearing sperm from the Y-bearing sperm. This is done in
a manner which isolates the two types of sperm so that each
can be separately packaged and dealt with, The isolation is
preferably done through the use of flow cytometry. Flow
cylometry in geocral is a technique which is well under-
stood. For instance, the basic aspects of it are shown and
discussed in a variety of patents to Cytomation, Inc. such as
the U.S. Patents and other publications liSted earlier. Each of
these patents and the references cited therein, are incorpo-
rated by reference, thus those skilled in the art can casily
understand the basic principles involved.

Esscntially, flow eytometry involves sorting items, such
as cells, which are provided to the flow cytomelter instrument
through some type of cell source. A conceptual instrument is
shown in FIG. 1. The flow cytometer instrument includes a
cell source (1) which acts to establish or supply cells or some
other type of item to be analyzed by the flow cytometer. The
cells are deposited within a nozzle (2) in a manncr such that
the cells are surrounded by a sheath fluid (3). The sheath
fluid (3) is usually supplied by some sheath fluid source (4)
s0 that as the cell source (1) supplies its cells, the sheath fluid
(3) is concurrently fed through the nozzle (2). In this manner
it can be casily understood how the sheath fluid (3) forms a
sheath fluld environment for the cells. Since the various
fluids are provided to the flow cytometer at some pressure,
they flow out of nozzle (2) and exit at the nozzle orifice (5).
By providing some type of oscillator (6) which may be very
precisely controlled through an oscillator control (19), pres-
sure waves may be established within the nozzle (2) and
transmitted fo the fluids exiting the nozzle (2) at nozzle
orifice (8). Since the oscillator (6) thus acts upon the sheath
fluid (3), the stream (7) exiling the nozzle orifice (§)
eventually and regularly forms drops (8). Because the cells
are swrrounded by a sheath fluid environment, the drops (8)
may contain within them individually isolated (gencrally)
cells or other items.
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Since the drops (8) generally contain isolated cells, the
flow cytometer can distinguish and separate droplets based
upon whether or not the appropriate cell or cells is/arc
contained within the drop. This is accomplished through a
cell sensing system (9). The cell sensing system involves at
least some type of sensor (10) which responds to the cells
contained within each drop (8) as discussed at length in the
seminal work (no pun intended) by Larry Johnson, namely,
U.S. Pat. No. 5,135,759. As the Johnson patent explains for

sperm cells, the cell sensing system (9) may cause an action,

depending upon the relative presence orrelafive absence.of,

‘Fparticilardye-which_may_e excnedM()merumuJam
Suchmasahe: iaser,exmter,(ll)‘Whﬂc:fcach type of sperm cell
is ssl'au"l?d" Sy ihe, dyc?"

lh(’: s-differing—length-—ofzthe
,and lhc Y chromosomc causes different levs
i3 hus, by qensmg the degree of dye presentin

-chromoson
kls of stammg
s e o

He"'s] sperm Cells 1 1t .is possible to discriminate between

-hcarmg spérm and Y- “bearing sperm by their differing
Emiddidn lovels.
“I1oTdéTio achieve the ultimate separation and isolation of
the appropriate cells, the signals received by sensor (10) are
fed to some type of sorter discrimination system (12) which
very rapidly makes the decision and can differentially charge
cach drop (8) based upon whether it has decided that the
desired cell does or does not exist within that drop (8). In this
manner the sorter discrimination system (12) acts to permit
the clectrostatic deflection plates (13) to deflect drops (8)
based on whether or not they contain the appropriate cell or
other item. As a result, the flow cytometer acts to sort the

cells. by,causmg them.to.land.in one-or-more collectors(14)-.

Thus by scnsmg some property of the cclls or other items the

) an dlscnmmuc between cells based on a
parl ular Characteristic and plaw them in the dpproprmlc
éoll ctor (145”1 the system presentl§ used tosort sperm; thé
X bearmg sperm droplets are charged positively and thus
deflect in onc direction, the Y-bearing sperm droplets are
charged negatively and thus deflect the other way, and the
wasled stream (that is unsortable cells) is uncharged and thus
is collected in an undeflected stream into a suction tube or
the like.

Referring to FIG. 2, the process can be cven further
understood. As shown in that figure, the nozzle (2) emits a
stream (7) which because of the oscillator (6) (not shown in
FIG. 2) forms drops (8). Since the cell source (1) (not shown
in FIG. 2) may supply sperm cells (15) which have been
stained according to the Johnson technique, the light stimu-
lation by laser exciter (11) is ditferentially determined by
sensor (10) so that the existence or nonexistence of a charge
on each drop (8) as it separates from stream (7) can be
controlled by the flow cylometer. This control results in
positively charged, negatively charged, and uncharged drops
(8) based upon their content. As shown in FIG. 2, certain
drops arc shown as deflected drops (16). These deflected
drops (16) arc those containing sperm cclls (15) of the onc
or the other scx,_J,hcy.ar/thcn deposited in the appropriate
collector (14)jfor later use

One of the aspects of low cytometry which is particularly
important to its application for sperm sorting is the high
speed operation of a flow cytometer. Advances have been
particularly made by the flow cytometers available through
Cytomation, Inc. under the MoFlo® trademark. These flow
cytometers have increased sorting speeds extraordinarily
and have thus made flow cylometry a technique which is
likely to make feasible the commercial application of sperm
sorting (among other commercial applications). T'hey act o
achicve high spced sorting, that is at a speed which is
notably higher than those otherwise utilized. Specifically,

)qs



6,149,867

7

Cyvtomation’s MoFlo® How cytometers act with oscillator
frequencies of greater than about five kilohertz and more
specifically can be operated in the 10 10 30 or cven the 50
kilohertz ranges. Thus droplets arc formed at very high
requencies and the cells contained within the sheath fluid
environment can be emitied very rapidly {rom the nozzle (2).
As a result, each of the components such as the nozzle (2)
oscillator (6), and the like which make up and arc part of a
flow cylometer system result in a high speed cell sorter. In
the application of a high speed cell sorter to the sorting of
sperm cells, sorting at rates of greater than about 500 sorts
per second is achieved. In fact. rates of sorting in the
thousand and twelve hundred ranges have already becn
achicved through a high specd cell sorter. Importantly, it
should be understood that the term “high speed” Is a relative
term such that as other advances in flow cytometry and
specific applications are achieved, the aspect which is con-
sidered “high” mav be varied or may remain absolute. In
cither definition, the general principle is that the sorting may
occur at rates at which the parameters and physical charac-
teristics of the flow cytometer are significant to the cells
themselves when sorting particular cells such as sperm cells.

One aspect of high speed sorting which appears o come
mto play when sorting sperm cells is that of the pressures
and other stresses to which the sperm cells are subjected
withn the flow cytometer. For instance, when operating at
high speeds (and an alternative definition of “high speed™),
flow cytometers can be operated at a pressure ol 50 pounds
per squarc inch and even 60 and higher pounds per square
inch. Thesc pressures may be considered high because they
may result in cffcets upon the cells being sorted. The key as
discloscd in the present invention for this facet is the fact
that the stress thresholds of the particular cells are the
determining tactor. Additionally as further knowledge is
gained 1t may be shown that the stress thresholds arc a
function of combined effects such as the particular specics or
the particular prior or subsecquent handling of the cells. The
Kev in this regard is that the stress imposed upon the cells
can, in fact, alter their viability and their ability 10 achieve
the desired resull. In the pressure case, il may be thal merely
subjecting the sperm cells to a higher pressure as a result of
the operation ol the flow cvtometer at that pressure may
result 1n decreased performance of the cells. The present
invention in one regard acts to minimize these stresscs and
thus results in greater efficacies as well as lower dosages as
discussed later.

In considering the stress aspect of the cells, the present
vention acts in a fashion which minimizes the stresses.
Thesc stresses can be minimized at any point in the over all
cyele or process of collecting, sorting or even Inseminating
the animal. Importantly, the stress imposed by the handling
of the cells within the flow cytometer appears significant for
this application. In onc cmbodiment of the invention, the
sheath fluid is specifically sclected so that it can scrve in a
courdinated lashion with both (or either) the pre-sort cell
fluid environment or the post-sort cell fluid environment.
While naturally it is possible to adjust either the pre- or
post-sort fluids, in onc cmbodiment the invention adjusts the
sheath Huid (3) so that it imposcs significantly less stress
upon the cells than was previously accomplished. In one
regard the invention is remarkable in that it removes the total
focus [rom that of operation of the flow cytometer 1o a focus
on handling and removing stress {rom the cells themselves.
For instance. while 1t has been knowan to utilize Huids having
a proper pH factor or osmolality, the present invention
rccognizes that there may be certain chemical compositions
1o which the cells may be hyvper-responsive. These hyper-
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responsive chemical compositions may naturally vary based
upon the cells or even the prior handling of the cells.
Importantly at present it appears that for sperm cclls certain
metabolic chemical compositions such as citrate seem (0
prevent unusually high stresses upon the cells. Thus, the
hyper-responsive chemical compositions can be defined as
those to which the cells are particularly responsive in the
context of their functionality and the then-cxisting hardling
techniques. As to sperm cells it appears that metabolic
compositions, specifically citrate constancy for bcvine
sperm cells and hepes buffer constancy for equine sperm
cells may be very important. Thus the present invention acts
to minimize the changes through the type of operation orithe
stlection of substances which may act as a means tor
minimizing the changes which the cells experience.

For the sheath fluid, a substance is selected according 10
one embodiment of the invention so that it may be chemi-
cally coordinated to prevent minimal changes. Thus, by
selecting the appropriate sheath fluid not only in context of
flow cytometry paramcters, but rather also in context of the
cell parameters themselves, the changes experienced by the
cells and the over all result of the sorting can be ¢nhanced.
This is shown conceptually in FIG. 3. FIG. 3 shows some
tvpe of chemical factor (such as citrate or other factors) as
it may cxist throughout the various phases of the process.
For instancc, the four phases shown might represent the
following: phase | may represent the existence of the cells
within the cell source (1), phase 11 might show the existence
of the cells as they are sorted in the sheath fluid environment,
phasc 111 mmight show the cells as they arc collected aficr
sorting and phase IV might show the reconstituted cells in a
storage medium after sorting. These four phases as shown
for the prior art mayv experience vastly different chemical
factor environments. As shown conceptually, however, in
the present invention the cells may expericnee very little
change, most notably the dip or drop experienced between
phases I and If may be virtually absent. This is as a result of
the sclection of the appropriate sheath fluid as mentioned
above. Thus, as a result of being subjected to an appropriate
sheath fluid, the cells in the present invention may experi-
ence a much lower level of stress.

Onc of the potential generalitics that may cxist with
respect to this phenomenon is the fact that certain chemical
compositions may represent more hyper-responsive chemi-
cal compositions than others. While naturally this may vary
based upon the species of sperm, the handling, or even the
type of ccll involved, it appears that the viability of the cells
for their intended purpose (here, artificial insemination)
varies greatly, naturally or because of sorting or both, and so
the cells exhibit a hyper-responsive character with respect to
that chemical composition. By selecting certain metabolic
chemical compositions, most notably citrates or chemicals
which arc within the citric acid cycle, great advances appear
possible. Thus tor the bovine sperm application, the sheath
fluid (3) is sclected and coordinated so that it prescnts about
a 2.9 percent sodium citrate composition. Specifically, the
2.9 percent sodium citrate solution may be created as
follows:

1. Placc 29.0 grams of sodium citraic dihydrate
(Na;CeH05211,0) in a 1,000 ml volumetric flask
a. Dissolve sodium citrate in % of water hatch, then add

water to volume.

2. Add deionized or Nanopure water to make 1,000 ml
final volume. .

3. Transfer to bottles and autoclave at 15 lbs pressurc
(245° ) for at least 30 minutes
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a. Autoclave solution using conditions to minimize
evaporation (loose cover)
b. Be carcful that watcr docs not boil away.

4. *Gool=slowly TTTO0M (emperalure:

5. Store sealed in 3-524, cold room.

Further, for a sheathfluid, the sodium citrate solution may
be filtered.

6. Filter with a 0.22 micron filter using aseptic techniques.

Interestingly, for equine sperm cells such a composition
does not perform as well. Rather, it has been discovered that.
for equine sperm cells, a hepes buffered medium such as a
hepes bovine gamele medium—particularly HBGM3 as
previously created by J. J. Parrish for a bovine application—
works well. This medium is discussed in the article “Capaci-
tation of Bovinc Sperm by Heparin”, 38 Biology of Repro-
duction 1171 (1988) hereby incorporated by reference. Not
only 1s this surprising because it is not the same type of
substance as is utilized for bovine sperm, but the actual
huffer, originally was developed for a bovine application.
Thus in the cquine application the sheath fluid is sclected
which contains the hepes buffer. ‘This solution may have a
pH at room temperature of about 7.54 (pH at 39° C.=7.4)
with the following composition:

Chemical Dry weight (g/500 ml)
CaCl, 0.145
KClg 0.115
MgCl, - 617,0 0.004
NaH,PO, - H,0 0.018
NaCl 2.525
NaPyruvate 0.011
Tactic Acid (60%) 1.84 mi
TTEPES 4,765
NaHCO, 0.420
BSA (fraction V) 2.0

One other aspect which may interplay in the present
invention is the fact that the cells involved may experience
unusual sensitivities. In one regard this may be due to the
fact that sperm cells are in a class of cells which are
non-repairing cells. That is, they do not have the ability to
repair themsclves and hence, they may need to be treated
much more sensitively than is typical for low cytometers or
other handling equipment. Thus, it may be appropriate that
lhe enhancement is particularly applicable when the flow
cytometer acts to establish a source of sperm cells. Another
potentially related aspect which may be unique to a class of
cclls such as sperm cells is the fact that their DNA is
non-repairing, non-replicating, and non-transcribing. Either
of these factors may come into play and so they may be
relevant either individually or together. Thus, it may be that
the teachings of the present inveation apply to all gamete
cells or even to viruses and the like which arc non-repairing,
non-translating, non-transcribing cells.

A separate aspect of the flow cytometér processing which
may also be important is the fact of properly treating the
cells both chemically and physically after they arc sorted. As
shown in FIG. 4, as the cells within drops (8) land in
collector (14), it may be important that the container which
makes up the collector be properly sized so that it acts as
some means of avoiding an impact between the cells and the
container itself. While it has been known to place an initial
collector fluid (17) in the bottom of the container to collect
the cells so that they do not hit the bottom of the container,
it appears that a simple widening of the container to address
variations in stream presentation as well as the inevitable
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splashing due to the impact of the cells into the container can
be used to enhance the result. In one regard this can act as
a cushioning c¢lement so that cells which may be mechani-
cally delicate, that is, they may break or be damaged by an
impact can be treated appropriately. Thus when the cylom-
eter source establishes cells which are physically delicate
cells as the cells to be sorted, it may be important to provide
some type of cushioning clement such as a wide collection
tube for which the opening width (18) serves to position the
walls of the container in a manner which avoids contact with
the cells. Thus the tube does not present side walls so close
that there is any significant probability of confact between
those cells being sorted and the walls of the tube. In this
manner, in addition to the collector Huid (17), it may be
desirable to include a wide collection tube as well. Perhaps
mercly providing a wide opening to the container which
serves as part of the collector (14) may be sufficient. For
applications utilizing high speed sorting of sperm cells, it
has been found that providing 2 container having an inner
diameter opening of at least 15 millimeters is believed to be
sufficient. Specifically when utilizing a 14 m] Falcon test
tube in such an application, minimal physical damage to the
cells as a result of the collector (14) has been discovered.

It should be noted that even the 14 ml Falcon test tube
may not be optimum. Specifically, it is believed that design-
ing a collection container which matches the geometry of the
stream (that is, a “stream-matched container”) may be most
optimal. This stream-matched container may have any or all
of the following characteristics: a relatively wide orifice, an
elliptically shaped orifice, a lesser height to width ratio than
currently involved, an angled or otherwise coordinated pre-
sentation such as may present side walls which are parallel
to the falling streams, and the like. It may also be desirable
to provide a mounting element such as a movable element or
medium like ball bearings or the like to permit variable
orientation of the tube to match the falling stream desired to
be collected. In addition, the physical characteristics for the
class of containers such as the existing tube (described as a
“Falcon-type” test tube) may include not only the width of
the tube but also the material (such polystyrene to which the
cells do not stick) out of which it is made and the like.
(These material options are well known for the 14 ml Falcon
tube.) Thus the container and it collection fluid may also
serve as a cushioning element to minimize physical damage
o the cells. It also can serve, by its size, to [acilitate
collection of adequate numbers of sperm without a signifi-
cant dilution effect.

Another aspect of the collector fluid (17) can be the fact
that it, too, may serve to minimize chemical stresses upon
the cells. In one regard, since it may be important to provide
a nutrient to the cells both before and after sorting, the
collector fluid (17) may be selected so as to provide a
coordinated level of nutrient so that the levels are balanced
both before and after sorting. For bovine sperm in which a
nutrient of egg yolk citrate is utilized at a two percent egg
yolk level, it has been discovered that utilizing a six percent
egg volk citrate level (that is six percent egg yolk content in
a citrate solution) provides good results. This is as result of
the volumes existing before and after the sorting event. The
collector fluid (17) may start (before sorting) with about 2 ml
of volume. The sorting event may add about double this
volume (ending at three times the initial starling volume)
with very litile egg yolk citrate in solution (due to clogging
and other flow cytometer considerations). Thus, the end
result in terms of the level of the amount of egg yolk cirate
present may be cquivalent to the starting result, namely, two
percent egg yolk content in a citrate solution due to the

|6
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volumes involved. Thus the collector fluid (17) may be
selected so as to create an ending collector fluid environment
which is balanced with the initial nutrient or other fluid
eavironment. In this manner, it may serve to minimize the
time and changed level of composition to which the cells are
subjected. Naturally, these fluid environments mayv be pre-
sented within the flow cytometer or may exist at some other
prior time, the important point being mercly minimizing the
stress 1o which the cells arc subjected at any time 1o their life
cyele. Furthermore, since the initial chemical substance
content can be varied (for instance the percent egg volk
content in the citrate may be varied up or down), likewise the
starting collection fluid environment or various volumes
may also be varied so that the ending resull is the same.
Thus, prior to commencing the sorting process, the collector
fluid cxists with a six pereent cgg volk content in the citrate
solution and after completion of the sorting event the
collector Huid—with the sex-specitic sperm—may result in
a rwo percent egg volk content in the citrate solution similar
to the minal nutricnt content.

Note that in later use these sperm cells may be treated to
a 20% cyyg volk content in the citrate fluid [or other reasons,
however these changes are not deemed to provide stress to
the cells as they are merely a known part of the total
inscmination process. While naturally the levels may be
varied as those skilled in the art readily understand, a 20%
egy volk citrale bufter may be constituted as tollows:
1. FINAL COMPOSITION:

S80% sodium citrate solution (72 mM)

20% (volivol) egg-yolk
1. PREPARATION FOR 1 LITER:
A. Sodium citrate solution

1. Place 29.0 grams of sodium citrate dihydrate

(Na;C4sHsO52H,0) in a 1,000 ml volumetric Hask

2. Add deionized or Nanopure water to make 1,000 ml
final volume.

3. ‘Iransfer to bottles and autoclave at 15 lbs pressure
(245° F) for at least 30 minutes.
a. Autoclave solution using conditions to minimize

evaporation (loose cover)

b. Be careful that water does not boil away.

4. Cool slowly at room temperature.

5. Store sealed in & 5° C. cold room.
B. kEgg preparation
1. Obtain fresh hen’s eggs from a good commercial
source.
2. Wash the egps free of dirt (do not use too much
detergent) and rinse.
3. Immerse eggs in 70% ethanol for 2--5 minutes.
4. Remove eggs and allow to dry (or wipe drv) and store
on a clean towel.
C. Preparation of extender
L. Use sterile, clean glassware
2. A-fraction (non-glycerol fraction)

a. Place 800 ml of 2.9% sodium citrate solution in a
1,000 ml graduated cylinder.

b. Antibiotic levels for the non-glycerol containing
fraction (A-fraction) of the extender may be as
follows:

1. Tvlosin=100 ug/ml
1. Gentamicrn=500 ug/ml
1. Linco-spectin=300/600 ug/ml

¢. Add 200 ml of fresh egg-yolk as outlined below
(Scction D)

1. Mix very thoroughly.
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d. This provides A-traction extender based on 2.9%
sedium citrate, with 20% egg-yolk and antibiotics at
concentrations known to be non-toxic to bull sperm.

c. Extcnder can be stored overnight at 5° C.

{. Decant supernatant (upper 800 ml) the next day.

g. Warm 10 37° C. prior to use the next day.

D. To add egg-volk to a buffered solution, the following
procedure works well.

1. Wash cgg and clean the cggs (sce B above)

2. Open egg and separate volk from albumin using a volk
separator. Alternatively, pour yolk back and forth 2-3
times between the two half shells. Do not rupture the
membrane around the volk.

3. Placc the yolk onto a sterile picce of 15 cm filier paper.

4. Hold the filter paper over the graduated cylinder
containing buffer and squeccze the volk (rupruring the
membrane) and allow the yolk o run out of the golded
filter paper into the cylinder. Typically about 12-15 ml
of the yolk can be obtained from one egg.

Another aspect which may interplay in the various factors
of the prescnt invention is that of utilizing low dosc amounts
of sperm for artificial insemination or the like. Additional
background on the aspect of sexed, artificial insemination
may be found in “Prospects for Sorting Mammalian Sperm”
by Rupert P Amman and George E. Scidel, Ir., Cclorado
Associated University Press (1982) hereby incorporated by
reference. As mentioned, natural insemination involves
numbers of sperm on the order of billions of sperm. Typical
artificial insemination is presently conducted with millions
of sperm for bovine species and hundreds of millions of
sperm for cquine species. By the term “low dosc™ it 1s meant
that the dosage of sperm utilized in the insemination event
are less than one-half or preferably even less than about 109
of the typical number of sperm provided in a typical artificial
insemination event. Thus, the term “low dose” is to be
viewed in the context of the typical artificial inscmination
dosage or also as an absolute number. For bovine sperm
where currently 1 to 10 million sperm are.provided, a low
dose process may be considered an-absolute number of
about 500,000 sperm or perhaps as low as 300,000 sperm or
lower. In fact, through utilization of the techniques of the
present invention, artificial insemination with good percent-
ages of success has been shown with levels of insemination
of sperm at 100,000 and 250,000 sperm (41% and S07%,
respectively pregnancy rates). As shown in the article *Uter-
ine Horn Insemination of Heifers With Very Low Numbers
of Non-frozen and Sexed Spermatozoa” as published 1n 48
Theriogenology 1255 (1997) hereby incorporated by refer-
cnce. Since sperm cells appear to display a scnsitivity to
dilution, these results may display particular inte:depen-
dence on the utilization of low dose sperm samples with
regards to various techniques of the present invention. The
absolute numbers may be species dependent, for cquine
species, merely less than about ten, five, or even one million
sperm may be considered a low dose process.

Another aspect which may be important is the fact that the
sperm sexed through the present invention techniques is
utilized in an artificial inscmination systcm. Thus, whea the
collector (14) is used to provide sperm for artificial inscmi-
nation the techniques of the present invention may be
particularly relevant. Further, it is possible that the combi-
nation of both artificial insemination use and the use in a low
dose environment may together creale synergies which
makes the various techniques of the present invention par-
ticularly appropriate. Naturally, the sexed sperm can be
utilized not just in an artificial insemination mode, but in
other techniques such as in vitro fertilization and - the like.
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The process of collecting, sorting, and eventually insemi-
nating an animal through the use of flow cytometry involves
a varicty of steps. In the context of bovine insemination, first
the semen is collected from the bull through the use of an
artificial vagina. This occurs atl rates of approximately 1.5
billion sperm per ml. This neat semen may be checked
through the use of a spectrophotometer to assess concentra-
tion and may be microscopically cvaluated to assurc that jt
meets appropriate motility and viability standards. Antibi-
otics may then added. As a result the initial sample may have
approximately 60 to 70 percent of the progressively motile
sperm per ejaculate. For processing, a dilution through of
some type TALP (tyrode albumin lactate pyruvate) may be
used to get the numbers of sperm at a manageable level (for
flow analysis) of approximately 100 million per ml. The
TALP not only nurtures the sperm cells, but it may make
them hyper-activated for the staining step. Prior (0 staining,
in some species such as the equine species, centrifugation
may be accomplished. Staining may be accomplished

according to a multi-stained or single-stained protocol, the :

Tatter, the subject of the Johnson Patent and related technol-
ogy. The staining may be accomplished while also adjusting
the extender o create the appropriate nutrient environment.
In bovine applications this may involve adding approxi-

matcly 20% cgg volk content in a citrate solution immedi- 2

atcly after staining. Further, in staining the sperm cells, it has
been discovered that by using higher amounts of stain than
might to some extent be expected better results may be
achieved. This high concentration staining may involve

using amounts of stain in the tens of micro-molar content 3

such as discussed in the cxamples below where 38 micro-
molar content of Hoechst 33342 stain was used.

After adding the stain, an incubation period may be used
such as incubating at one hour at 34° C. to hasten the dye
uptake with concentrations at about 100 million sperm cells
per ml. Filtration may then be accomplished to remove
clumps of sperm cells and then dilution or extending may or
may oot be accomplished to the desired sort concentration of
approximately 100 million sperm cells per ml may be
accomplished. Sorting according to the various techniques
discussed earlier may then be accomplished from which
sperm cells may he recovered in the collection phase. As
mentioned carlier, the collection may result in samples with
approximately 2% egg volk citrate concentrate content (for
bovine species). T'his sample may then be concentrated to
aboul 3-3 million sperm cells per ml through the use of
centrifugation after which the sheath fluid and preserving
fluid may be removed. A final oxtension may then be
accomplished with cither 20% cgg yolk citrate or a Cornell
Universal Llixtender or the like. The Cornell Universal
Extender may have the following composition for 1000 ml:

14.5 g sodium citrate dihydrate

2.1 g NaHCO,

0.4 g KCl

3.0 g glucose

9.37 g glycine

0.87 g citric acid -

For 20% egg-yolk
using 800 ml of above preparation and may include about
200 ml of egg-yolk composition.

Alter this last extending, 3 to 5 million sperm per ml (for
bovine species) may result, This sample may then be cooled
to slow the sperm’s metabolism and 1o permit use over
longer periods of time. In the equine species the sample may
then be uscd in oviductal or other insemination processcs as
those skilled in the art well understand. In bovine sperm, the
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sample may be diluted yet one more time to the desired
dosage level. It has been discovered that dilution may create
an cffect upon the sperm cell’s viability and so it may be
appropriate to avoid too large a level of dilution by provid-
ing a smaller sample. At present, low dosages of approxi-
mately 300,000 sperm per 0.184 ml may be achieved.
Furthermore, it may be desirable to maintain a level of
seminal plasma at approximately a five percent level,
although the results of this rcquirement arc, at present,
mixed. The sperm cell specimen may then be placed in a
straw for use in artificial insemination and may be trans-
ported to the cows or heifers to be inseminated.

In order to achieve conveniently timed artificial
insemination, heifer or cow estrus may be synchronized
using known techniques such as the utilization of prostag-
landin F2, according to techniques well known in the art.
This latter substance may be particularly valuable in that it
has been reported to potentially achieve enhanced fertility in
heifers as discussed in the article “Prostoglandin F2,—A
Fertility Drug in Dairy Cattle?”, 18 Theriogenology 245
(1982) hereby incorporated by reference. While recent
results have not maintained this premise, it may be that the
present invention demonstrates its particular viabilily in
situations of sexed, low dose insemination. or bovine
species, artificial insemination may then be accomplished
through the use of embryo transfer equipment with place-
ment of the sperm cells deep within the uterine horns. This
may be accomplished not at the pcak moment as typically
used in artificial insemination, but rather at a somewhat later
moment such as 12 hours after that time since there is some
possibility that fertility for sexed artificial insemination may
occur slightly later. The utilization of embryo transfer equip-
ment may be used because there may be high sensitivity of
the uterine wall for such low dose, sexcd inseminations.

Interestingly, rather than inseminating within the uterine
body where such insemination are usually placed, by
insemination deep within the uterine hom, better resulls may
be achieved. Perhaps it is also surprising that the samples
thus far studied have shown no difference between ipsi- and
contra-lateral inseminations when accomplished deep within
the uterine horn. By deep, it should be understood that the
insertion is placed well into the uterine horn using the
embryo transfer equipment. The fact that results do not
appear significantly diffcrent using ipsi- and contra-latcral
inscminations has led the prescnt inventors to proposc the
use of insemination in both so that the process of identifying
the appropriate uterine horn may no longer be needed.

As a result of the insemination, it is of course desired that
an animal of the desired sex be produced. This animal may
be produced according to the systems discussed carlier
through the use of the sexed sperm specimen. It should also
be understood that the techniques of the present invention
may find application in other techniques such as laproscopic
inscmination, oviductal insemination, or the like.

As examples, the following experiments have been con-
ducted. While not all use every aspect of the inventions
described here, they do show the performance enhancements
possible through differing aspects of the invention. Further,
a summary of some experiments is contained in the article

“Uterine Horn Insemination of Heifers With Very Low

Numbers of Non-frozen and Sexed Spermatozoa” as refer-
cnced carlicr. This article summarizes some of the data
showing the efficacy of the present invention. As to the
experiments, one has been conducted with sexed, unfrozen
sperm cells with high success as follows:

EXAMPLE 1

Angus heifers, 13-14 mo of age and in moderate body
condition, were synchronized with 25 mg of prostaglandin

‘A
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F-2 alpha at 12-day intervals and inseminated 6-26 h after
observed standing estrus. Pre<h1v collected_semen..from
threc 14-26 mo-.old-bulls: wis incubated in 38- uM,IImchsl,
33342 at-73% 107 sperm/ml in a TALP medium’ Iq Tt 34°5

CFSperm.were:sored-by sex-chromosomes on; Ahes ba:n of =8

‘ep\ﬁouru\ccnw trom:laser-excitation-at:351~and 364 .nm-at
150 mW using a Moﬂo@ flow cytometer/cell sorter opers
ating .a.50"psi and uing 2.9% Na-citrateassticatly’ ﬂmd X
chromosome-bearing sperm ('QO”’puulv as verified by
resorting sonicated sperm aliquots) were collected at ~500
live sperm;sec into 2-ml Eppendorf tubes containing 100 ul
Cornell Universal Extender (CUE) with 20% egg volk.
Collected sperm were centrifuged at 600xg for 10 min and
resuspended to 1.63x10° live sperm/m! in CUE. For a liquid
semen unsexed control: Hocchst 33342-stained sperm were
diluted with sheath fluid to 9x10° sperm/ml and centrifuged
and resuspended (o 1.63x10% progressively motile spermml
11 CUE. Sexed semen and liquid control semen were cooled
0 3% C. over 75 min and loaded into 0.25-ml straws (184
ulsstraw). Straws were transperted—at—3~o 5° C n a
temmperature- -controlled beverage cooler240°Km forihsemi-
nation 5 to 9 h after sorting. Sexed semen and liquid control
semen were Inseminated using side-opentng blue sheaths
(IMV), one half of each straw into each uterine horn (3x10°
live sperm/hceifer). As a standard control, scmen from the
same bulls had been frozen in 0.5-cc straws by standard
procedures (mean 15.6x10% motile sperm/dose post-thaw),
thawed at 33° (. for 30 sec, and inseminated into the uterine
body. Treatments were balanced over the 3 bulls and 2
inseminators in a ratio of 3:2:2 inseminations for the sexed
semen and two controls. Pregnancy was determined ultra-
sonically 31-34 davs after insemination and confirmed
6467 davs later when fetuses also were sexed (blindly).
Data arc presented in the table.

No. Heifers  No. Pregnani No. Pregnant No {cmale

Treatmen: bred d3i-34 d64-¢7 {etuses
Sexed semen: 4% 19 (42% c) 18 (95%)"
n o8 15 (54% 8 (5. .)“

2y is (52%) 12 (80%)°

*PSex ratios of values with different superscripts differ (P < 0.02).

Although the pregnancy rate with sexed semen was only
80% of controls, this difference was not stalis!ically signifi-
cant (>0.1). One pregnanecy was:lost-hy-64—-67d-in.each-ofy
. Ihc sexed.and fxozcn control groups;-1§&. of. 19 fetuses (95%)
we rc,fcmalL in'the.séxed. oroup,.and 720701 30 (67%)-wert
female i the control £roups. ‘The liquid semen control
yielded a wvirtually identical pregnancy rate to the frozen
semen control containing over 50 times more motile sperm
(over 120 tmes more total sperm), demonstrating the cffi-
cacy of low-dose inscmination mto the uterine horns. We .
have aliered the sex ratio in catile significantly using flow
cvtometer technology and armificial insemination.

Similarly, an experiment was conducted with unsexed,
unfrozen sperm cells and may be reported as follows:

EXAMPLE 2

The objective was to determine pregnancy rates when
heifers are inseminated with extiremely low numbers of
[rozen sperm under 1deal field conditions. Semen {rom three
Holstein bulls of above average fertility was extended in
homogenized milk, 7% glycerol (CSS) extender plus 5%
homologous seminal plasma to 2x10%. 5x10° or_10x10°
(control) total sperm per 0.25 ml French stfaw and frozc‘n)i'n
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moving liquid pjtrogen vapor. Semen was thawed_in 37° (

watet for 20 sec. Holstein heifers 13-15 ma of age \ve)ghmg
350-450 kg were injected with 25 mg proslaglandm F-2-

alpha (Lulalyse®) twice at a 12-day interval and icsemi-
nated with an embryo transter straw gun and side-opening
sheath, halt of the semen deep into each uterine horn 12 or
24 h after detection of estrus. The experiment was done in
five replicates over 5 months, and balanced over two inscmi-
nation technicians. Ambient tcmperature at breeding was
frequently -10 10 -20° C., so care was taken to keep
insemination equipment warm. Pregnancy was determined
by detection of a viable fetus using ultrasound 40-44 days
post-cstrus and confirmed 55-62 days post-cstrus; 4 of 202
conceptuses were lost between these times. Day 55-02
pregnancy rates were 55/103 (53%), 71/101, (70%), and
72/102 (71%) for 2x10%, 5x10° and 10x10° total sperm/
inseminate (P<0.1). Pregnancy rates were different (P<0.05)
among bulls (59, 62, and 74%), but not between technicians
(64 and 65%) or inseminations times post-estrus (65% for 12
h and 64% for 24 h, N=153 at each time). With the mzthods
described, pregnancy rates in heifers were similar with
5x10° and 10x10° total sperm per inseminale.

Prior a experimenmt has also been conducted on sexed,
unfrozen sperm cells and may be reported as follows:

EXAMPLE 3

Semen was collected from bulls at Atlantic Breeders
Cooperative, diluted 1:4 with a [IFHEPES-buffered extender
+0.1% BSA, and transported 160 km (~2 HR) to Beltsville,
Md. where it was sorted at ambicnt temperature by flow
cytometry into a TEST yicld (20%) cxtender using mcthods
described previously (Biol Reprod 41:199). Sorting rates of
up 1o 2x 1 0° sperm of each sex per 5-6 h at ~90% purity were
achieved. Sperm were concentrated by centrifugation (300 g
for 4 min) to 2x10° sperm/ml. Some sperm were sorted into
cxtender comaim‘nb homologous sc¢minal plasma (final
concentration, 5%). Sorted. sperm-were stuppcd by_air_toy
Colorado (~2.600 km)-and.stored at- cnher ambient. le'npera)
re—or 5° C. (coo]ed durm” shipping over 6 hr in an
Equuamcr an " iosulated device with an ice-conlaining
compartment). Heifers or dry cows detected in estrus 11 to
36 h earlier were inseminated within 9 to 29 h of the end of
the sperm sorting session. Sperm (1 to 2x10° in 0.1 ml) were |
deposited deep in the uterine horn ipsilateral to the ovary
with the largest follicle as determined by ultrasound at the
time of insemination.

None of 10 females became pregnant when inserinated
with sperm shipped and stored at ambient temperature. Of

29 females inseminated with sperm cooled to 5° C. during

shipping, 14 were pregnant at 4 weeks of gestation, and 12
(41%) at 8 weeks. Eleven of the 22 inseminated within 10
h of the end of sorting were pregnant at 8 wecks, but only
1 of 7 inseminated 17-24 h afier sorting was pregnant. There
was no signiticant cffect of adding seminal plasma. One of
the 12 fetuses was not of the predicted sex, one was unclear,
and 10 were of the predicted sex,
sonography at 60--70 davs of gestation: Subsequently, 33
additionral heifers were in seminated with 0.05 ml (secmen
cxtended as described above) into cach uterine horn without
using ulirasonography: only 3 were pregnant 4 weeks after
insemination, and only 1 remained pregnant at 8 weeks.
However, different buffs were used from the previous group,
and all inseminations were done 18-29 h post-sorting. An
additional 38 heifers were inseminated similarly (~22 h
post-sorting) 200 km from our laboratory with sorted sperm
from another bull; none of thesc was pregnant 8 weceks after
Insemination.

as determined by ultra- -
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To summarize, it i1s possible to achieve pregnancies in
cattle via artificial insemination of sperm sorted for sex
chromosomes by flow cytometry, and the sex ratio of fetuscs
approximates that predicted by reanalysis of sorted sperm
for DNA content (90%). However, pregnancy rates varied
greatly in these preliminary experiments which required
shipping sperm long distances. Tertility decreased drasti-
cally by 17 h postsorting, but there was some confounding
because differcnt bulls were used at the differcnt times.
Further studies are needed to determine whether variation
observed in pregnancy rates was due to bull dfferences,
insemination techniques, interval between sorting and
inscmination, or other factors.

Finally, an experiment also has been conducted with
unsexed, unfrozen sperm cells and may be reported as
follows:

EXAMPLE 4

The objective was to determine pregnancy rates when
heifers were inseminated with very low numbers of sperm
under ideal experimental conditions. Semen from three
Holstein bulls was extended in Cornell Universal Extender
plus 5% homologous seminal plasma o 1x10° or 2.5%10°
sperm per 0.1 ml; 2.5x10° total sperm per 0.25 ml was used
as a control. Fully extended semen was packaged in modi-
fied 0.25 ml plastic French straws to deliver the 0.1 or 0.25
ml inscminatc doscs. Semen was cooled to 53° C. and used
26-57 h after collection. Holstein heifers 13-15 mo of age
weighing 350-450 kg were injected with 25 mg prostaglan-
din F-2 alpha (Iutalyse®) at 12-day intervals and insemi-
nated with an cmbryo transfer straw gun and sidce-opening
sheath into one uterine horn 24 h after detection of estrus.
Insemination was ipstlateral to the side with the largest
follicle determined by ultrasound 12 h after estrus; side of

ovulation was verified by detection of a corpus luteum by -

ultrasound 7-9 days post-cstrus. Pregnancy was determinced
by detection of a fotus by ultrasound 42-45 days post cstrus.
The experiment was done in four replicates and balanced
over three insermnation technicians. Side of ovulation was
determined correctly in 205 of 225 heifers (91%);
surprisingly, pregnancy rales were nearly identical for ipsi-
lateral and contralateral inseminates. Pregnancy rates were
38193 (419%), 45/87 (52%), and 25/45 (56%) for 1x10°,
2.5%10° and 2.5x10° sperm/inseminate (P>0.1). There was
a significant difference in pregnancy rate (P<0.05) among
technician, but not among bulls. With the methods
described, it may be possible to reduce sperm numbers per
inseminate sufficiently that sperm sorted by sex with a flow
cytometer would have commercial application.

As mentioned and as can be seen from the various
experiments, the field is statistically based and thus a variety
of additional experiments may be conducted to show the
appropriatc combination and limitation strategics. Thus syn-
crgics among various affects will further be identified, such
as instances in which the dye effects and combined dye
effects with laser exciration may be studied.

The discussion included in this application is intended to
scrve as a basic description. The reader should be aware that
the specific discussion may not explicitly deseribe all
embodiments possible; many alternatives are implicit. It also
may not fully explain the generic nature of the invention and
may not explicitly show how each feature or element can
actually be representative of a broader function or of a great
variely of allernalive or equivalent elements. Again, these
are implicitly included in this disclosure. Where the inven-
tion 1s described in deviec-oriented terminology, cach cle-
ment of the device implicitly performs a function. Apparatus
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claims may not only be included for the device described,
but also method or process claims may be included to
address the functions the invention and cach clement per-
forms. Neither the description nor the terminology is
intended to limit the scope of the claims which may be
submitted. It should be understood that a variety of changes
may be made without departing from the essence of the
invention. Such changes are also implicitly included in the
description. They still fall within the scope of this invention.
A broad disclosurc encompassing both the explicit
embodiment(s) shown, the great variety of implicit alterna-
tive embodiments, and the broad methods or processes and
the like are encompassed by this disclosure.

In addition, each of the various elements of the invention
and claims may also be achieved in a varicty of manners.
This disclosure should be understood to cncompass cach
such variation, be il a variation of an embodiment of any
apparatus embodiment, a method or process embodiment, or
even merely a variation of any element of these. Particularly,
it should be understood that as the disclosure relates {o
clements of the invention, the words for cach clement may
be expressed by equivalent apparatus terms or mcthod
terms—even if only the function or result is the same. Such
equivalent, broader, or even more generic terms should be
considered to be encompassed in the description of each
element or action. Such terms can be substituted where
desired to make explicit the implicitly broad coverage to
which this invention is entitled. As but one cxample, i
should be understood that all actions may be expressed as a
means for taking that action or as an element which causes
that action. Similarly, each physical element disclosed
should be understood to encompass a disclosure of the
action which that physical element facilitates. As but one
cxample of this aspecet, the disclosure of a “collector” should
be understood to encompass disclosure of the act of
“collecting”—whether explicitly discussed or not— and,
conversely, were there only disclosure of the act of
“collecting”, such a disclosure should be understood to
encompass disclosure of a “collector” Such changes and
alicrnative terms are to be understood to be cxplicitly
included in the description.

Any references mentioned in the application for this
patent as well as all references listed in any information
disclosure filed with the application are hercby incorporated
by reference; however, to the extent stalcments might be
considered inconsistent with the patenting of this/these
invention(s) such statements are expressly not to be consid-
ered as made by the applicant(s).

We claim:

1. A flow cytometer system for isolating desired: cells
comprising:

a. a cell source which supplies cells to be analyzed by the

flow cytometer;

b. a sheath fluid source which creates a sheath fluid
environment for said cells which contains about 2.9%
sodium citrate; .-

¢. a nozzle through which said cells pass while subjected
to said sheath fluid environment;

d. an oscillator which acts upon said sheath fluid as it
passcs through said nozzle;

¢. a ccll scosing system which responds to said cells;

f. a sorter discrimination system which acts to sort cells
having a desired characteristic; and

g. a collector into which cells having a desired charac-
teristic are placed.

2. A flow cytometer system for isolating desired cells as

described in claim 1 wherein said cell source compriscs
bovine sperm cells.
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3. A tlow cytometer systemn for isolating desired cells as
described in claim 2 wherein said nozzle, oscillator, cell
sensing system, and sorter discrimination system arc part of
a flow cytometer svstem and wherein said flow cytometer
system comprises a flow cytometer sorting alrates greaterA-
han about 500 sorts per second.

4. A flow cytometer system for isolating desired cells
comprising:

a. a cell source which supplies cells to be analyzed by the

flow cytometer:

b. a sheath fluid source which creates a sheath fluid
environment for said cells which contains a hepes
butfered medium;

. a nozzle through which said cells pass while subjected
o said sheath fluid environment:

[¢]

d. an oscillator which acts upon said sheath fluid as it
passes through said nozzle,
e. a cell sensing system which responds to said cells:

f a sorter discrimination system which acts to sort cclls

having a desired characteristic; and

g. a collector into which cells having a desired charac-

teristic are placed.

5. A flow cytometer systemn for isolating desired cclls as
described in claim 4 whercin said cell source comprises
equine sperm cells.

6. A flow cvtometer system for isolating desired cells
comprising:

a. a cell source which supplies cells 1o be analvzed by the

fHow cytometer:

b. a shcath fuid source which creates a sheath fluid

environment for said cells:

¢. a nozzle through which said cells pass while subjected

0 said sheath fluid environment,

d. an oscillator which acts upon said sheath fuid as it

passes through said nozzle;

e. a cell sensing system which responds to said cells;

f. a sorter discrimination system which acts to sort cells

having a desired characteristic; and

2. a collector into which cells having a desired charac-

teristic are placed and which comprises a citrate ¢ol-
lector fluid containing about six percent ¢gg volk.

7. A flow cytometer system for isolating desired cells as
described in claim 6 whereln said sheath fuid souree com-
prises 4 solution containing about 2.9% sodium citrate.

8. A flow cytometer system for 1solating desired cells as
described in claim 6 or 7 wherein said ccll source compnses
bovine sperm cells.

9. A flow cytomcter system for isolating desired cells as
described in claim 1, 4, or 6 wherein said celk source
comprises cclls which are hyper-responsive to a chemical
compasiiion in a surrounding fluid environment.

10. A flow cytometor system {or isolating desired cells as
described in claim L. 4. or 6 wherein sawd collector 1s used
to provide a low dose of sperm.

11. A flow cytometer system for i1solating desired cells as
described in claim 10 wherein said nozzle, oscillator, ccll
scnsing system, and sorter discrimination system arc part of
a flow cvtometer system and whercin said flow cytometer
system comprises a flow cytometer sorting at rates greater
than about 500 sorts per second.

12. A flow cylometer system for isolating desired cells
comprising:

a. a ccll source which supplics cells 1o be analyzed by the

flow cytometer:
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b. a chemicallv coordinated sheath fluid source which
creates a sheath fluid environment for said cells which
is sclected to be coordinated with both a pre-sort and a
post-sort cell fluid environment;

¢. a nozzle through which said cells pass while subjected
to said sheath fluid environment;

d. an oscillator which acts upon said sheath Huid as it
passes through said nozzle;

¢. a cell sensing system which responds to said cclls;

f. a sorter discrimination system which acts to sort cells
having a desired characteristic; and

2. a collector into which cells having a desired charac-

teristic are placed.

13. A flow cytometer system for isolating desired cells as
described in claim 12 wherein said pre-sort and post-sor: ccll
fluid environments contain at least one hyper-responsive
chemical composition to which said cclls are particularly
responsive and wherein said chemically coordinated sheath
fluid source minimizes changes to said hyper-responsive
chemical composition.

14. A flow cytometer system for isolating desired cells as
described in claim 13 wherein said hyper-responsive chemi-
cal composition comprises a metabolic chemical composi-
tion.

15. A flow cytometer system for isolating desired cells as
described in claim 13 wherein said hyper-respensive chemi-
cal composition comprises a citrale.

16. A low cytometer system for isolating desired cells as
described in claim 15 wherein said chemically coordinated
shcath fluid source compriscs a solution containing about
2.9% sodium citrale.

17. A flow cytometer system for isolating desired cells as
described in claim 16 wherein said cell source compriscs
bovine sperm cells.

18. A flow cytometer system for isolating desired cclls as
described in claim 17 wherein said collecior is used 10
provide a sperm for artificial insemination.

19. A flow cytometer system for isolating desired cells as
described in <laim 17 wherein said collector is used 10
provide a low dose of sperm for artificial insemination.

20. A tlow cytometer system for isolating desirec cells as
described in claim 13 wherein said cell source compriscs
non-repairing cells.

21. A flow cytometer system for isolating desired vells as
described in claim 20 wherein said cell source comprises
cells which have non-transcribing DNA.

22. A flow cytomcrer system for isolating desired cclls as
described in claim 20 wherein said cell source comprises
cells which have non-replicating DNA.

23. A flow cvtometer svstem for isolating desired cells as
described in claim 20 wherein said cell source camprises
sperm cclls

24. A flow cyvtometer system for isolating desired cells as
described in claim 23 wherein said collector 15 used (o
provide a low dose of sperm.

25. A flow cvtometer system for isolating desired cells as
described in claim 24 wherein said low dosc of sperm
comprises a dosage of less than about ten percent of a dosage
selected from the group consisting of one millon bovine
sperm, ten million bovine sperm, and one hundred million
equine sperm.

26. A flow cytometer system for isolating desired cells as
described in claim 24 wherein said sperm cells comprise
bovine sperm cells and wherein said low dosz of sperm
comprises a dosage of less than about five hundred thousand
sperm.




