10

15

20

25

30

SPERM CRYOPROTECTI VE MEDI A CROSS- REFERENCE TO RELATED
APPLI CATI ONS. This application clains the benefit of
wo b@7fikdsing date of U S. Provisional Applicatignr/e2007/013884

60/ 812,833, filed June 12, 2006, entitled "Spermnatozoa
Cryoprotective 5Media", by Osterneier et al., U S.
Provi si onal Application No. 60/840, 744, filed August
29, 2006, entitled "Spermatozoa Cryoprotective Mdia",
by Osterneier et al., and U S. Provisional Application
hb 60/ 854, 501, filed Cctober 25, 2006, entitled

" Sper mat ozoa terei mer et
al . The teachﬁ%ﬁ%agﬁg Iﬁayﬂgen?gghﬁﬁrﬁﬁbat|ons are

i ncor porated by reference herein in the|r entirety. 10

croFAE ST TR D e o
38 ) B RO UE TE o

Appligatier Noe6/8h2, 833 diledilmne 12)12086, emtiltlhé “Spme:mtbm Ciyoprotective

- BA D.
v SRS T ML oSSBT g pom
29, 29 entided ‘I‘Spea;lpetuzba CryopraiensvoMedia’ebj a)sernmeulet ekl and U.S.

X SLrains
provifn St RBEAHBR NG SRR Pieo o fRe S5 2800 RGeS hbipeon
Cryo;sbte&tms Meplakt it by L@Wﬂeynérhanale Tllib whilihgd Gths réfetahced applications

. ut a ﬁ? nﬁlntaj ha | oi d gernplasm are
are mﬁﬂ?(orai B¥f? E’feé‘ﬁ? VaNsis ?’68 ‘freezing and storing
sperm The nethods currently enpl oyed for
STATENGENEBREGAR DONGAFEDBRAA ISP SFONSORELY RESHARCH OR

uccess, are dependent on the genetic
Iﬂngggﬁiiéﬁgson of the male and have, thus, in general,
n dee d |nade uatg}for t he safe preser atigp qf

m) S f“nVISP Y WET GRS TP ET HLCrIETH TSI BRYI VAR IEL Nym
RROIQ62 %, esarded tbiyahe DlatiopsiTattitules ol FRERh! THS pad¥@nsst Mas certain

aff cted b genetlc background, 25 are needed. SUMVARY
rightsip the pave | ON The cry protective nmedia and

nmet hods of the present invention, which include

- BACKEIROUBN D OFCYHBABIVENTIQNpr eservi ng sperm (e. g.,

mammal i an, includi ng human and non human manmmal s, such
aRevodgitnar am‘uaudésng genome resedrchaind tB@elmmy afﬁeaé genetically

.ﬁregt inéene %ﬁ use the % g |stent ncrease

speci FI g %IB% 8 ggcer Vg ge (S lﬂ 88 EW l}?n fl nﬁli,eggee Fﬁ?f mouse

straindavaitade fiebedrmeditdlacicardh. STasemeniyeEsated s&@ﬁ‘x&,@e&ﬁéﬁlaﬂy those

. ggeéga%pzoa The crég eservat g medi o referred

in wh PR rotiatin 680 Rememtaiged Prbaple tiTRposm, ars mos

efficiemippries@ved b fiebLing ERACIOMHRR speidn. CTHO RieM B! dAbleniAbHPloyed
referred to as a cryoprotective agent); a nenbrane

for eryppreaEafitn ehmeus ?Spﬁdi-“@é%varlg@bf woderate cgess) A gepedent
on th@&eﬂ@i&%ﬂﬂﬂﬁtl@ﬁ oS R Hhle ARE havd, HB&, B 8ieral bcse(hadé%ﬁﬂ:@r

(e reduci ng agent, an_anti oxi dant).
madee\% 69rot{ﬂe Sl GHeseEALON; of Thast inbredimopstheirains Aédmpmﬂ methods
for cr&pr%EJer%ﬁ(ﬁf SBdpeMA, @m%gﬁe@%adxte? CAHOREE Eg & ﬂéﬁcolghckground

dia includes two of the above- ted co nent s:

aI'enféffidyéprotectant (C') and a free radlcal scavenger

(FRS). This cryopreservation nedia is referred to as

SUMSEARROF B naviewtiaay enbodi ment, the cryoprotection

nmedi a i ncl udes a free radical scavenger. This
CIr RN hRGibbidfe MBdhank %Jtﬁé&rcff?ge B Rs@R iy ifyetion which ifSlude
used herein, the term"a" includes or refers to "at
methedsficryraenicaly Pagserying Aeery (ermyaarmmiatian) inchwinshurean and non
hume Y rAE bu RS OBBRC el itk mo s HIGE SpBiy) Ul Breat Hidtest
as water or a phyS|o ogl C BUt T er p cterFal
becaysg ghry(edpsistontly inaease(thy sucanssi rafes abtaimpehwith Xy paserved sperm.
15i ncl uded, as needed. In particul ar enbodi nents, such
as those in which rodent (e.g., nouse, rat), bovi ne or
human sperm are cryopreserved, the cryopreservation
nedla (CPN® used conprlses a (at | east one; one or

I T T 7 oy



10

15

20

25

30

. protegiap datsipkilizes grassighs {n b

enbodi nents, the cryoprotectant is glycerol or
propyl ene glycol, which can be used alone or in
w@ovbieatd on wi th each ot her (gl ycerol/ propyl erer/gs200m013884

together) or in 25conbination with raffinose and/ or
| actose (e.g., raffinose and/or |actose in conbination
with glycerol and/or propylene glycol). In specific
enbodi ments, the nmenbrane protectant is a protein, a
non-protein or a conmbination of a protein and a
non-protein. In specific enbodi ments, the nenbrane

As used diepaih,ahé tdrs speti refets tn spednk ané geeryatdeoar Tae coygpeeseiation

.of/in/derived from any. of t foregoi ng. 30 BRI EF.
medi B (58 < BRoRRANE et o The HReilon SQmBtiAcS: i gne
embodifientha eglopeReahntgakanERfred e ad £ Edyiobldt¥ctBie agent); a membrane

cryopreserved C57BL/ 67 %BernL FIG 2. illustrates that

P FiEpyizgtor Pl BisFbses Of SesTEng # free

radic8RRhVenger (e.g., a Féd@cing dgbhilgh ﬁﬁﬁ&ﬁd&hﬁt TME@&C%QH&@@OA RRdia is

ROS in cryopreserved spermfromboth C57BL/6J (B6) and
referngd t@hersimay /cBy) mice. 5FIG 4 illustrates an

e s af i ded ' i-] i

CrABBAER BB HE L AL AL ] o
above-fisted conwroentsf a goreprdtecight(€31) ond @NiEE)radignl segvenger (ERS).

: v:at. S st-thaw viability.

ois S RAEAAANS REEH BRI ANEpSgsl e Va0 LY

bulnl ssfurdererhbodiarent, the éryopratswivnenedia MEBides atfiee ra0ical

n T ati i.ndi . X - . For each

Scaveg%ﬂc' gg]%lls %ﬁo%? 0\7\‘5&% 21[ rglg(?)l? q? ﬁe?%rtég(g Or%s\;\af/asis% ach were created

ands asel lyzeid, theiteren Fatinslndesorviesiiys ko Yat.ledsk bhalt anicstso Fone or

spermycell viability. ampng the treatnents were .
more5? F f ERboaiadhi, sltio A bs s ¢ 2 ebonie PEfivigh such as water
or a ghyaivddgicatbufips raneriasteniall agons(@); ainaibibtie Wypaitivian agdnd(sh)tan be
el gqftrolgff no MIG using Dunnett's nethod. Panel A
included, asppededs t he nean and standard errors for the 6

b ulln! gartidiilhreeniediRingnts, $ut 48 Bhdde 1B WHidtSiodeht(eld) SmBRics fiT),

of viable spermfor the indjviduals. An overal

DOVIRe; A URAT PSP 85 CTXARIEFTYES ThS cTOPEsevRen Bifdis((HNhpsed
compri3es 8 (RUbds$ oA AN o PadR8) &Y SprBtectant2¥eh Bs a sugar; a (§1&ast Bne;
conpares frozen versus frésh nonothioglycerol and its
one osfpqre} Mmegwrgnerprpicctant; iapd arfsgegradical scavenger (atfi¢ass ong, gne or

morey,gqcﬂ B8 h@&b&iﬁ% ggeérg, fich 38 ARARIROLS oGl @ggg? Wbk n

_identify suita ree I cal “scav s
antiogidant, sudhanedveed gletgthadne§r ). Mineipecific spdodithem s, the sugar is a

. . . |
i CRLERY SR G120 4 BodSHAR] ELOOSALCUID RIRI S
embagddments othe icryopr eteciantas gilycerd tor pronydéneelpedywhbishfcanipe used

. PR t hi .
aloneX BB EA woind Shch dn AR CER M el G SRR ORG prin
combjuatidnesith 2ATBESE/ANdFD | DESERIeRT) 1ORiGRe Bhiffof MYENEliDkbmbination
with R3S B8&or lrY ot ts” TR s BE Bitofirionisitie Slirane
protetant Graympteqs arnoak-protein br 8 pembidatiomod ayréteinvard £hon-pfotein. In

. | s.an n- ma |s. In one enbodinen t he
specif PR BO B Fea R Sbrolb T Sl Sl Aol or a
compBHN dfHakletived ropl aiyesfi thaforegoidpTbr ane protect ant t hat
stabilizes or assists in stabilization of nenbranes of

BRI e O TR BN er ef . %W th 1 of or ence

CP- E d FR | | f ..
& oI, 3Gl 8 b B Riol slbREs e foreitiey of pryopreprzgd

C57Blaéi spdrnscavenger” refers to a substance or agent that
renmoves or inactivates free radicals, such WO
2007/ 146344PCT/ US2007/ 013884 as a substance or agent
added to a mxture in order to renove or inactivate
free radicals. As used herekn, with reference to CPM
CP-FRS and FRS (all types of cryoprotective nedi a
descri bed herein), the term"reducing agent" refers to

I o
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which, in a redox (reduction-oxidation) reaction,
reduces anot her species (elenent or 5 conpound). As
waois@didsiei n, with reference to CPM CP-FRS aneCHBR®007/013884

(all types of cryoprotective nedia described herein),

the term"antioxidant"” refers to a substance or agent

that reduces oxidative damage to cells and

bi onol ecul es. The conposition typically additionally

conprises water in sufficient quantity to maintain

functionality of sperm Alternatively, a liquid or

s di1Ge Btillostrees thht@GSHambances tladhfeaslityad fionpopresereedlO57BL/6J

hysi ol ogi cal buffer, such as phosphate (PBS),

Spemgicarbonate, HEPES, MOPS, CHES, MES, CAPS or Tris, can

beF1Gs sdliustnecthar MTIG fediobéstht ROB W ¢lfopREeived sperm fromboth

e ' , r rotective nedia includes
C57Bj“r},'gi %@r%ﬁcﬁﬂﬁgwg%y Wfical scavenger and does
NAHIG. AGHlugteates dbsHiaatandit OF efdraifertiThioacupaiRtyestdr ve
nedia,, referred to herein as CP-FRS, is useful for
CWOPE?%?BYﬂ‘@ger vation of spermfroma wide 15 variety of
NerTeRl S A24¥d dBRRN SRS TaS the| ﬂies’ienf:é' bmﬁﬁaoﬁimgsiwsm\ambl @uring

cryoprotectlve medi a i ncludes a free radical Scavenger
bovingf@pers SEYapsescration gehances pegirthew vignlityo Spgrmdram &y

colle&f&fs%rﬁ Rhch b6 Bﬂﬁ?&t %ﬁh@ UeFBRbSen inlthe PAIERAR 41 M‘T‘G at the

typically additionally conprises water in sufficient

conceiiEptions yldleﬁtwhmﬂmmwfqan &or earll ¢allpctien. dpersats afshige straws each
were %?ea@é%fjéﬂd eﬂﬁ ze8 ‘i’ﬁ&g Q&n%:%]{méﬁalgﬁ%p rf)ﬁf‘ege&gg ﬁ{ s':l)e Oc-ghevlablhty
e use or cryopres

conposi tion "can ervation-o
amorigrtbt trhimeentavree determgpast waing amﬂyss of vatéamice 08 .agesine transforrned

perce;rTx]Ps B pregltgéh?cp O%Vmwa%sogsaw the Fo%t ol ol}g{o 1§M‘Cp gsr},p%%augﬂett’s method.

cal ne

Panekaﬁnﬁasttrz&wihb wan asg stanardrives forahe ﬁmmm&rlmalpaaals B though H

illusti% rﬁei%e%gl f &bagiérf.ge?{x g?,}gttx? Hbcﬁg lﬁt:ngé\i'(q%%l trggttme%{ affect was
noted:memrmxffenncqssamﬂﬁm thasehmils ghowh S;lﬂ )aamapeBnC, dieD.

tective.25 nedia ds,useful. for c reservation
R R e s S L T
&nﬂaﬁnﬂ@ﬁﬁals i ncludi ng genetically nodified vertebrates
of _all _types |nclud|pg genetlcally nodi fi ed manmal s
J@S; 7 Bypitoay Hist'*f PotsgemenieErTy AdPAdey Seidle free

radicél&c8ven Jse, rat), bovine, canine, feline, sw ne,

goat s ep, rabbit,  horse, canelida, other

oﬁlﬁ’a DOWFIRTHISIOF Vigsk jib MhichoSPgER QT 54517@%ﬁmeéepzen in 18%
Raffilo4 @Bl’é%e%técﬁ%ﬁﬁ 493 %@ nﬁﬁ%&ﬁbgi%é&‘ol‘ efni £ w ire thawed and

enetically nodified b|r s (e.qg., chicken, tur

used gyrip e ferblirationasing eastitestirnss supsrowileted GYBL/6T ¥emales With
[ [
this R R s RS bl S oA SOTPRE e BBytes.
cryogenically preserV|ng sperm |n one enbodlnent t he
DETK?LQB%%C?(FWWU&% § RABSQITYORA sperm (produci ng
cryogeni cal I'y preserved sper conprises (a) conbining
s peeseribed bereim w@@mnmitiqn, rqfenecé ta/ajcranplromcuaﬂpmdnat oon

cWOﬁTQ@cn&? ﬁmerdé ?efat %))r %g%%e%glevéq ion O ?e feO| agiﬁ ?P ﬁ/éc%e(\;grle%' of

mams'ta&stnﬂd z@esmamnaessi ki (md em&icﬁﬂmeht it ¢r§wapnmftecni&a‘nieamnes referred

and a free dlcal sgavenge
to as PR Eha SBinebRs Sonv bR o d ety ottt Bt Jablizes or
assxsmﬁ‘stabawaﬁan O e e @ﬁ“lsyeﬁmradu& fs&aﬁmoapgﬂawa—ager 0g., a

also 5 referred. t S |th|aI nblnatl or..the
reducigBESRL: LA R0, % hefipe aslﬂlarﬁ TERFE 18 {3F %S and
FRS (d1Etypearbf mbpme&@e,ﬁmea ddsenbed harein) b lérni ‘ﬂfree radical

cryQpreservation of spermin the conbination, thereby

scavenesH Fefars toa ERRAAEEAPE agw thiyt seBPVRSPTABHII VRS iTEsih r?fHa%ls such
conprises cryogenically preserved sperm In a specific
enbodi nent, the nethod of cByogenically preserving
sperm 10 (produci ng cryogenically preserved sperm
conprlses (a) conblnlng spern1to be cryogenlcally

o o o " a o IR A
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WD 2007/ 146344PCT/ US2007/ 013884 The
fertilization capacity or ability of sperm can be
w@s®essasa usi ng net hods known to those of skilPCT/0S100B013884
art, such as by an in vitro nethod (e.g., by assessing
the ability to fertilize oocytes with which they are
conbi ned/i ncubated (their ability to form 2-cel
enbryos, for exanple)) and/or by an in vivo nethod
(e.g., by assessing the 5 production of offspring by
females into whomthe fertilized oocytes are
as a substaneg exggentpddasep Bgaixgyn iperdes &yrempvergrdgestivate frge radicals.
As ulARALKCWRR ARG A Lo I CRPRCLIER A 1y nggbgl%wcﬁve
mammal s” and nor nnammal s,” of all types, 1 Pudr i perm
mediglslesdrited bierain), gentetth ¢séduyingogent” adteveta abelamest ¢rea gpmpound

. ' i fi | icall
e T N T
compatindheAs swedberey0 atith refeeape t6 AP CPHRRS end ERS (all types of

ey BRSSP R e TEITEL A BN €l L

agenbiliafifed(Cestoxid@ilietdeihge ttdl EMEYandI BRI DI THE) cotipdsftionh

]%Bho ,pro?uced f.or consunption, conpanion fish) Refer.
typt y‘i’g%ﬂt‘ém lly Gemerisgsavaten ipspifypent quanlity tp gpaiggincfinetignality of
sperl] @dfMhativRIKE AllicAid 6PbIht BaRE than waiet, lsat a £ 5IRdi sNt S,

t he .nmet hod of cryo enlcallé§§reserV|ng égern115

physidagFsidedier siph ap phesahaly (Sp&»-tieasberaterJBBERI MRS, CHES,
MES) (288 ¥£8ri§en e GRED ARdde! 2in LORbIRABRWiRERalel) @

crﬁ;)pr otectant, such as one or nore sugars (e.g., :

r aftf $nesaes embadiner) thegryenspisktivmancdia ipelydys @pryopropesint and a
free faflcaPsIREREANRA R0t R6HiAhde ﬁ’%&ﬁs e ﬁd{@&&ﬁ%@%&l}o@r%cﬁw

mxture of macronol ecules that stabiTizes or assists
medianrofereast toihezein am CFFFREnisusefod fofcrygmresaryatiog. of speink from a wide

i : . ) wder - a
vl bR s PSS b Rl PR Blreive
medinlincledds)g freemrchdf@) seavbnge and dioeahotsinclvdagefyopsoiebiaatsoraa

reduci ng a r _an_.antioxi dant (e.dq.. . o
menf SRS B PRGRIE e R ubinoie, PA eatrBipnepyisat afdiionall
compit o€ wekerdn Goffiviem lquaitity 66 yepitaheRhitichaliBdbBspeRal 48 well as
dd.c%rﬁfgi nation); ar&dgé‘me %u%j,ecti ng the conbination to
2ddINA] FPPBRLCI, g5 dP g BEREr yopreservati on of spermin

t h&he ostBpositibn Ban bdasedr PiyogtseMation 6f zpa@ﬁ@ SRINME

conbi nation that conprises cryopreserved sperm 25 The
mamgalia SBF b 1 &5 1Rt ccrimpEsea Al Y HSn EAtERGy (feline, swine, goat,

sheeflaabbit,tRgs) 84BERID ?e@aycomﬂaa{cm&m 88 Wufrah RBErn{1AS well as
the desired characteristics. The initial conbination

non-magunal KN SPREN, WiEh @8 apian £¢-g o shicken. Jarkey Reter 6amapaion bird) and
fish @hdsRIprbucel YOPERREMYAbA Yot BF i Iethe i
. ffggndiptri ons that&lr%esgl %) ’icﬁhétgr s%lg%e}‘slglr?\i}git{)ibégﬁﬁgf qg%gfyrﬁplr%tecme
mediaiiguredion axvopresermatian af speymathteined fropms vestabuiaieedf all types, such
os miloL AR BERREN Bibth Pl orlcborkiEs B ALHREE inliaing,
genefieal uppiisiedirnammabds. gaspesn ghlaineddintthgeachiailyehgdified rodent
t i abjl i t he. sper For e le, wWith.
(o2 3bEE g Bolil Lot ding, MEEPEAT, AicBh aR0BE ek Ppelian,
othegpgt oatompymibh mearmingh)j a5 wdlbad gQRtiohlivwinedifidd ein-inhmingals (such as
roduce As .uht her .ex l.e. cryopreseryation of . .
spenf o BHREL rol el M IROA KA TR 1 61 RREER Sl Sipion bire)
and f2sh (tloase praduced fpr aohyamption, abripaficuoheh))) aliébmposition described
here,.Prces rvat [ %nar; S %ar rtj ed out .a e tenperature of from
5800 pre TP G Red R P oGy BV B SRE ™00
delir @escrileddimaent, thamsthediof ictyopeheallyBisssving sperm (producing

cryopreservatjon is carried out at a tenperature
°W°%Eé¥%£‘&r?fﬁ%¥ﬁ iP&B‘P?ﬁ?’HB%S% A RGP RIBINEHEED 1R be grygsetically

m nus 200 degrees Cel sius. Before the spermis

i ncubated with oocytes, the4spermis thawed and may
also 5 be washed. In all enbodi nents described herein,
the resulting cryopreserved spermcan be stored
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25 nonot hi ogl ycerol, reduced gl utathione (GSH)), to
produce a conbi nation (cryoprotective nedi a-sperm
w@obiteatd on) ; and (b) subjecting the combi natPONUSI07/013884
conditions that result in cryopreservation of spermin
t he conbi nati on, thereby producing a cryopreserved
conbi nation that conprises cryopreserved spema. The
initial conbination (the conbination to be
cryopreserved) is produced prior to cryopreservation
30 and can be subjected to conditions that result in
presepicg gpfl esompesition thet epmenrises At leas one wbthealollomwing: (1) a
. . I . _ A
cryoph QURGAE LD\ amBit Blnd rolchehl B0¢ GEL0F M 4D B e hdafifn of
membranes afdpeun; and @y frderediadlissavengod(such ena rédhicingpegennot an
. signi fj cang | ver.sel ffect the viability of .the.
antioFd b PR s 300 oh, B Gbrcbif S B spsih Santiognatso
referrediio {xethe amitinbebrobihatidn anthetcofbimitiohito bakeydprORrvad) uhd )
b.agteéﬁit %§ t.prqduce .. Preservation is carri.ed gut, )
subjegiyie g SRPICEAtRP 1 coRfYHeps thgt wsult 11 PERPLESEYRIRR g5 Spprm in the
combilegiog Shefebly Produdify 8 6B Welcals prtoévEE 868BMmatich #hal Sombfises
specj. fic enbodi mnents, cryopreservation is carried out
myogﬁgw5h¥8ﬁﬁ%?§$ﬁpgnbetmeen from about ninus 80 degrees
Cah 9ispécifie ealodimsntNie &fHod 8PESB e BAIR MR serkThg@pbrm

enbodi ments descri bed herein, the 5 resulting
(produpipg sryagepically PErsprVicd SRoTHY comrisgs (a1gembinipgispermipce

cryogefifcdlly Ff&eﬁ@&%ﬁ&@c%nﬁfo%%ﬁ?&%ﬂ&ﬁto%@mﬁ et SPREL: (1) a
consistently better fertilization potential than the

cryoprefeeiapt; 42t a BAMbEeRIRtectagt thet slabitiaswer assistpastabilization of
memBahéd HePettsi £ @5 SFRALLLcAVRLT, P{sﬂ@ﬁ Qgg%&ﬁ hfor an
_The fertilizationh capacity or functionality of Sperm
antioxidanthdo psediss afomdiingfione (drpeprotestivemedia-sppsm agintgiatidn, also
' L. . B tr [ th il
etk o JEPR G PUTRBR oV i R BRSEES A0 b
subjectimghihe edmbimativatte dofiditiens thabidsilt yn tryoprmesenvatice bf sperm in the
enbr vo or _exanpl e) and/.or..in vivo,b ssessing the .
comb Rt ek ST RFRE F PRy P bh e VP P GrRTRE R cormprises

cryodesichlly pradrvedsptes. are i npl anted. In the case of hunman

sperm . fertilizati capacity or. ability can be .
- oBisbins® bompirfion (e P Bbinahodt be Snanrdhe e thrpiusssprior
to cry@gmgrvaﬁm ?hhﬂ'rb]d&gbe behjecied tdhédmtt&ﬂlsttlﬁat résdlltﬁli’ii cg?dﬂlﬁeéb‘ﬁﬁaii\bn of
i ndi ng,of the spermto_the zona 15 pel| ucj.da) .or . )
sper Bb‘?*ﬁfﬁ@*h&tﬁﬁl&?il@ﬁ*?ﬁiqrh%tsl%ﬁapf@@stl%ﬁ%\%% bmléé period after it
is prodicél) @lyopfedadvatin eADBE LAEBE out RGNS THADLAEGRLANS MBH R oes
i ncl udes. a (at,Least Qne; one of nore) cryoprotectant
not a%YF&S@iY e‘%%cqﬂéf‘a‘él@ B of BisesPeimy iyl ps.ripe Bousg peeam, any time within

aboutSTPMBRAEY afeen Gk 1 @eSduRed. THE kd4aRInR JFRARLANGYBPREGSE@erm that
This cryagprotective nmedia, referred to herein as

exhibgimoppisiently bederigrtilizatior petestisehprihsdsatization patentid of
cryopBlchRASpatn 868 EIddARGh Sty Qi1 ﬁﬁ%odsrhng'}ﬁedia: '
enbod of y

odi ment, the nmetho cryogeni ca preservi ng
Presexyptiomcep bl gatried ait aby tampeatiuse ofr feeroabeut plpe fidpgrees Celsius to
ni 1y .
soouSTR 250356 BT AS,AE Eob Gyl XOBRALERHGtn i caia
out at irgpesttecttatveanion dboeemingi Salegsea Catges to ghoohmisuss200

r t.ng Qr,..an | Oxi dant 0_produce
dear S A0 9 QLA AL ST BB Fresesespem
can bERSrapmdaficicsipiahan kppropaits tempéreture knbomas théwe dfskill ialthe art

C I nat.ion.or. the conbination e Ccr reseryed) .
(o2 SRR B e R AkBRun ke 0 eRret SR B pbophaminus 200
degreee €elsiush).n cryopreservation of spermin the
conbi nati on, 'thereby producing a cryogenically
preserved conbination that conprises cryogenically
preserved sperm |In a specific enbodi nent, the nethod
of cryogenically preserving3sperm 30 (producing
cryogenically preserved sperm conprises (a) conbining
spermto be cryogenically preserved and a conposition,

Y a o P —— o, o o - T T
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30 thereby producing a cryogenically preserved
conbi nation that conprises cryogenically preserved
WG prM6344 In a specific enbodi nent, the nethoskoofo13884
cryogeni cally preserving sperm (produci ng
cryogenically preserved sperm conprises (a) conbining
spermto be cryogenically preserved and a conposition,
referred to as FRS, that includes a free radical
scavenger (such as a reducing agent or an
antioxidant), to produce a conbination (cryoprotective
netheafesiplézation caprcitytor @bilitylof eperaf exnrteoassessed using methods
t ' t [
knovitlychite GTREH 3t 8, flon By SR 12P) RIS by assessipe he
ability ao dirtiliensodyhast witlke sdlich they are/apniined/ratubated Qﬂlemwllrtylm form

2-cel| PRLERT ol EBR R BI i B PRulale SRR Ry e

prothRﬁx&iﬂbfﬁpﬁﬂ@bﬂexﬁﬂes b tWiim tenbiilzed OBCﬁéi‘lﬁe implanted). The

ation to be cryopreserved produced or to ,
methgl bbb L PTEAAY ZHBE BB P oB GNPt ncluding
mamhhiﬂi arfdafdiianhiiale] ¥OAI §9es, YAdluding @persP 8btaired fHdif hgenetlcally

conbi nati on i nedi ately after_ production or within a
modifiedivegebraicr (98- gﬁl@eéwally madifiehmgranals.cugl py sustigady gidified
rodetafe. BernfeREE, 'r@t(}i WHind kainy, felifl® s%ﬁ@ of, eﬂ'ée@t fé%nt Rése,

does~10 not’ adversely affect the vi agb
camadidas pat o5 e@mp@iyon mammal) sad geestipally mochﬁwbnw-mﬂrmnab dspch as
t {
sonettblfy BUABEA B Lo b chbkEl RENET L ormBi SO bl BHEAT:
prodwtdtfer canspmiptior.aenepropen Bsivi HefertarTableel ferich ks z hstu afranimals
for wASHERE! ?ésef?tf m%ﬁ‘[&% &ieJeV&‘sgdSper m obt ai ned usi ng

pr esently avai e nmethods and nedi a. Preservation

cam mtauaemb@ﬁmuts thte methedpérgogerically preservadgmpenpl us
coméieﬁquig Eag %% %eigp% cﬁe%r%ngtolbs ag m(farllllgr pggs%g\be%:%efg %{)mgﬁsmgn that
commrdses ( Bich mmplateceant esmtphe aabne or hetxmgary (eqn xafﬁhdsc;‘ﬂaaMSe),

ees about m nus 200 de es
elyeeRLpuPTPRdrRaEbEeh Rt p atinh i e astomolecule
or mii&m“e uﬂf ma&rdrh@leﬁﬂ& tHaop@Bilizkoor @s@iitdmtsmszahanwmdin&a&s of
In all enbodinenis de cr| rein, the L.
spenp ég -S> W‘H@orc p})gcpp% Vg@hsaa é?( @f ggiwder a protein in

milk] AEEHK prbie®l ¥r @mpbheaPleR); ahe (3)91TH6<E ?ddwaqe scdVeaYet, bRth as a
those of skill in the art (e at tenperatures t hat

redugige ggent 05 A gpberidamtige- seoraeblpékygew reflyeedigutaiiene (GSH)), to
prodﬂééw&ﬁ%agﬁg(&%rgﬁbﬁbé‘ shedial hefth! coRHRRRIOTR Hn (b} Bbiecting thc

cryoprotecti-ve dia can conprise additional
combipatighernogditiong phaa zespiitia Ccryspreseration §ff ypgrm in the combination,
thereﬁptp‘ro&iﬁﬁgei b?bp%%@& %a)mbﬁﬁhbn\ﬂ'la[t%blgﬁgigég rg%pregé}%:@ Eperm
ahtibiotic used herein, I nclu
The mgrym@e@le(g}med Gak be anma@mmolecule degqnibed heegip or any other
t r
macﬁ%@éygf@@btshas ﬁ% Id%égltelﬁlcbslgfgo Fe%gﬁcéj fﬁ@%uél QX&%&A%ﬁn (l?he
comlmeatu@biomeecs’y@memmd)nypeslucq:mpmnduomgycrmmmoaramd can be
subj&?gfh' tg?::ggg%tl%ga !.:l-hat resu %nee H‘og)g?sgltvagbg%m g’g‘l ilrnlatﬁs(:e ’combination
immedititelyed fioanii nse;rcédumﬂ or buthlis i ,lmﬂtagls;;en@ataﬁer hiigpigacae,

sh 30
Cry BB R e Bt Bmp e SneibReshon Bridsy ngb

significatibngbieisRly éﬁfédﬁ tl{d Viabiditp b Dthe GPemi.OFo tv\n@ﬂ mouse or rat
conpani on fi sh her peci es _I ncl udj n n ered
sperrgp pgrgjsergﬁtborh éo“teqtﬁa ¥ tape Yﬂt po prggutes after it is

prodaée‘ds PliaRrtheexabiRs c%rsémlﬂm%%om sfpefm can be

cr yogenl cal | reserying spermand further

Eoleke] quesampé‘f hasyrs gitpRIPHAt PP §@§1btf¥%lﬁpﬂ §resgpyation is
resulting cryopreserved sperm (thereby producing
t hawed sperm; introducing thawed spermor fertilized
oocytes produced by using thawed spermresulting from
the rret hod descrl bed above |nto an approprl ate femal e

g, r o
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Al so the subject of this invention are cryoprotective
nmedi a- sper m conbi nati ons; cryogenically preserved
wepwrmedand fertilized oocytes, 2-cell enbryosPentds2007/013884
zygotes produced by the nmethods descri bed. Al so the
subject of this invention are non-human |ive offspring
produced by the 30 nethods described. In Specific
enbodi nents, the live offspring are rodents (e.qg.,
nouse, rat), cows, dogs, cats, pigs/sw ne, goats,
sheep, horses, canels, rabbits, other conpanion
carriegewiral & tenparalurg ef fjom abhiigdus 4 degreke (Celstustp abputminus 200
. Iy . ,
der Rl o3Pt RRaRNE SR EAPRHTP LY ou o
tempaanian hetmedn Sipac abm) minGo 8 degresCekivshe absytaninas 200 degrees

.Medji,a. Cr yopr ot ect.ant, Th oprotective nedi a can be
Cotsiff bR HRRPEE uRP i hEREHES Tt ierunis dved gy also
be washydpIroile eﬁlbﬁdin{eiﬁhlkmséﬁlﬁﬁheiéﬁnt theassuliifg ¥90pRIs@sel ¥perm can

agent Is t ca .a non- enetrati ng cryoprotectant
be Sto(fg‘$ 1 Qgtte% g‘,lheaﬁ Bhe SRR EEB AOpPeReseFEdishgrm that exhibit

consiSte NP beitaatallizaton poténidd ki di fBMi RN OPpOLAGI VT ctyopreserved
( st . one, one or_nore ?enetratl n

: at le
SPem?‘:P%H’F?t‘@B’tgaH{F’E"&I}’ avaijable asthads sgdaquedia.conbi nat i on of

ONMEnefertiRAafion AR & LBiHH BF SEARNS MR8 ARdn £ BRI

more penetrating cryoprotectant can be used. 10 .

knowgdf thess e sk} lﬁg'-g‘?: A OICB B8 &t WiAto, by agseseing the ability to fertilize
SO8H WhieHRRMS ldBnd 1D C

Oocyl%el I rr'érrbr ane (%g&@?ﬁﬁeﬁn%r a e_égg&%l e\(’sfgg?%cée?gé%ﬁ‘?“’

for exgmple)¥ anddon inginsshyansessingathe preduction of offapringby faghalesimto

whor Bid feRER arb%icg%s ald inﬁﬁ%—lﬁ&ﬁ frpt%e Qﬁgéﬁﬁﬁ%{e s%’en%,x}e%tiza%fon

changes that cur wthin sperm an :
capagifyyambilitycan be asediedmsing aalableengthods)sudema funetional assay,

. rcent) of | s (sper.m...that survive
inclu Bl AR BESR b, Lipelity) Sosbh BV Rl SR Gnasreey
(bindirpedfithe spertrhte the esenpellucidan bi peraapenetradorsinge Fo-frée hamster
oocyiagnsugar or a conbi nati on of one or nore sugars and

Yi%e or more nonsugars. I n specific enbodinents, this

c dmospenificafmibditmenty teraé@od oY erytgehidalls psSV iRy spefm
ars i.ncluded .i.n

conbi pation.of two or nore sugars. Su .
compPiEs! (A) GRPHITRE FRAET B e £ YosrRR LY R EERE ra figposition that
comp(ds&@{l@b&&?qprﬁf@ciablt, Gifich i‘suﬁflerQnoﬂe&ﬁgﬁﬁ €.g., faffinose, lactose); (2)

tri saccharide(s) .(e.g., raffingse, 20nelezjtose), . a
a melpgfa'ngé)égt@ﬁtgp‘g, &@%Q} is (aerpﬁqrogxpgq‘cﬁio;o%@y as ggprotein (e.g..milkora
protef ¢RSAEE RAhilde48 TR BP A pidteFEdontdthedin skim milk, egg yolk or a

pol ysacchari de(s%) é‘e. .,...dextran, hydroxyl -et h¥l .
protey ¢ingginedimsyae vl a@sgalblhzwasglstsne plabilization of membranes of

sperniBhid [Pa frtalidaPloaver gt Pkh a6 Ul rBdu B AANTB AS antidi@dant (e.g.,
sugar included in the cryoprotective nedia iIs

monqthiog}cemd, r@ﬂugeécﬁlﬁtgéﬁowksﬁ@ar ', produds aeemleingtiomy |

LS YR, oIS LAP P BT sl

condigiops phad resuitiin eryopdisarvafion of xperpi im, tht coinbinetiesuhereby producing

e B O e o U5 - P R BB

combiREeh(the nHHEANG00)be oy tpesated)as prodacegbprdrr tatdrygpreservation

Cryaqprotectant c be,used.,. A penetratin ' .
and o 5E 5P Gl EiEr S borBam B ER MNPy ol g im the

comltSmdticanimmhédisteyadftemie pariuoss oAwihid a hirtited petod aftehit as

I Y TN ORE e T A
signifitdnitlyradvBieB ot died/iabilityner the ¥peho Fee bkaaplePdith niduse sperm,

enhance or i.ncrease the. percent .(nunbe of cells. .
CryORTESSEYAHOT FROCLAAL M &F wgwgévxﬂg&agﬂvt 0 miturdfyte? vis

speci fic enbodi nents, this conponent of the

cryoprotective media is one7or nore of the follow ng,

a penetrating sugar al cohol, such as glycerol;

di met hyl sul foxide WD 2007/ 146344PCT/ US2007/ 013884

R AN\ o o o
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200r egg white; collagen, elastin, gelatin,
at el ocol | agen, fibronectin, peptones, keratin, albumn
w@eooanys3eonbi nati on thereof. Alternatively, thBCDUS2007/013884
nore proteins can be derived from plant sources (plant
proteins) and can be, for exanple, soy protein, wheat
protein, corn protein, coconut mlk, alovera extract,
j 0j oba extract, or any conbination thereof. The
menbr ane protectant can be a conbinati on of one or
nore animal proteins 25 and one or nore plant
produgedRypsrsvatitheis sagicdroutoioe cxaroplei 315 tempetpsurg of from about plus 4
S
degrebEERRNIs 3B BRS S0Bhe iRt Celiust HE RpARAE BB Dments, |
cryoplreset\cagbn bmbamed loat aitd temperatunrg betwmdEnaomaboth@iresf80 degrees

sl SRR Relbod B TR S0e D1 R1EGH 401 680 0C 8 LLRLY
resultmg’ktrbeﬁﬂezﬁd}d spathit dtbeCstore@ itiefinitelyh Fife resulting sperm are
cryopigs%lswpegat I g‘%n/ ét? | y % ﬁ:\gt: coggl:g%?l I}?I%tﬁﬁlt%l fgnﬁfgagén potential than the

fertili Bﬁﬁzu %flcﬁ;mg;lresréﬁ;edeb@ﬁ@ BBial: Sl % Isiesenﬂy avaxlable methods
phosp at| Iethanol am ne, pol yoxyet hyl'ene based

and medig KiFAtigs fapagity 3] f@ﬂ@loqa Hhoplespiern cagy be gpgegsed using
mem&hs%ibwrp@ thbdd & il it Gl@rai‘tc sichldsYn 34 iby £505H31RE %lgty to

Pl uronic F-68 or any mbi nation theredf can be use

fertilize ogeyteqwithiwhink ﬂ?%’eﬁrﬁ 901abmeﬂ/e@mba§ﬂdc(ﬂmm@ehtyrtatferm 2-cell
r;

e 00, S3giie) B PSR e st R SR Pl b raes
into vgiagm th«)fer@msaocymsfam mdﬁnte& ahpibe cose of lmgm speam, fertilization
copn B H s B S RO el BB A 60 0, L3 By sy,
inclutiegebut nof limitedtay a hgwizpea eway Geindimgdiithe sfeem to the zona
pellufHYPR BERR LN EIEN o SRh AN Fer UGG 0T E

orIngmralmmh‘tn'e enrbodimentpthe cpyapreteciiveomediaihelntiess (agleast one;

oo YRRl TR TS SRS
does adichint luda almembiana peotpetante haéry opRiedtive Sndli®, refer@B 6 herein as

I.pl ds .g., one or nore |jpids of anim or,i )
CP-sipsh el 0 e AurRSgLans mﬁﬂameﬂewg%sﬁeaﬂ 3 tgsi for
cpMor nore synthetic lipid, any m xture of these types of

l'i pi ds) and/or PVA. The concentration of the nmenbrane

priateteaidodtabnt) thedaéBbaon e@oé&lsmy 1{% deS@ving spésih ffroducing
nmet hods known to those of skil inthe art. In certain

cryogepirally ﬁé??@gvedtswsnebmm%eaﬁwdwwmﬁe SBFEn e by evegenirally
preseh%df dnd'a @RapdsitloR at Blh/dueh @f%ﬁf&&@@ﬂt‘ﬂﬂd@oﬁ@e radical scavenger

ght/vol ume, such as 3% wei ght/vol une for_ skimmlk

(suchpaevw@ﬁucw pesiarapaniioxidae).de rpéec}ﬂce@tqoewleaawrb@rxommnve
medlﬁ-lgﬁéﬁn &F Rgls’ﬁgﬁ{x ¥OMBIRtLA, ARPHIFerdl 1§ a4qhs! ffﬁt’lM@onanon or

such as 23% vol une/ vol une for egg yol k and_90
the combipatipmtgbe crémmpmﬁ} and (bh subisctingribe ﬁpmma@nnée ﬂOlbd';lthHS
that 0 SRGERTLRL 0D o Sl i BRI AARS, i85 ToehafL o
cryogeafcally @ueaeuve-ds:ombma;eorrtadu @ahprgcavmmgemcal@eme)smwﬁd shm.

cr can _bhe scavenger

IR g o B S SRR b Pl e
(prOd@ﬁﬁlg(nryaan(cmﬂylptﬁ)er\tdd&penh) comnmises (a)rcomlﬁning\spem tcf bee

20.radi cal s ctive o en
cryode R s o BRI oL TG 9P DS St includes a
cryopfrowebiart indi fiee &il(ﬁce(lﬁbﬁfeﬁk?ﬁ d’slt’isﬂ'? &M Mdveing agent or an antioxidant),
cryopres and can fert.ilize oocytes |
t0 pri BTG I PPEIe R P BT S ab D g referred to as
conmponent can be any conpound or nol ecule, such as a
reduci ng agent or an antioxidant, that has these
desired characteristics. Us& ul free radical scavenger
agents can be identified as described in 25 Exanple 4
and Exanple 13 |n whi ch the ablllty of

T - o a g, oy
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acid, 10, 11-di hydr oxyapor phi ne (DHA), butyl ated
hydr oxyani sol e (BHA), butyl ated hydroxyt ol uene,
waledwydsasal i poi ¢ aci d, tetrahydropapaveroline (A¢#)$2007/013884
2-thiobarbituic acid, or taurine, and
di mer captosuccinic acid inositol. Further, the free
radi cal scavenger can 10 be a vitamn (such as vitamn
E (tocopherol or a derivative thereof, such as water
soluble fornms of vitamin E, vitamin C (ascorbic acid);
vitam n A carotenoids, (Astaxanthin), vitamn B
the imggalombigdtivgl Q:dhmgomhn@tlm k9 bocryGpeseyrd) @d (b) SubJeCtlng the
ul f oxi de ef e
comb‘”illlxgt%l% (:Q]%lﬁogés Féé}xgi 4 ryolprets Vﬁgco)% ce>f‘ %%%xllnce%% 8018P1natlon
thereByJ pﬂrdomngea. dysgmﬂmlgr)preﬁrﬁécbcfomlﬁinéﬁomﬁhaa&)mpnses cryogenically
am nost eroi ds, methyl predni sol one), or
preseaeéitsg Hfoni ne. 151 n a specific enbodi ment of the
Cr'yigpinéiad combinatigi(the dofebihatRe tb ddicepdprésedal) §€prodiced prior
nmont hi o PXcerol In this enbodjnment, the free radica

to CrYOPICRERY and combe sppigetsd i eonditopsithat Fevyfbis Sy ersessration of

sperni st oaﬁntﬁhdtﬁ)‘xﬁbrﬂédxﬁt%%fﬁb Prdduefidn bMuiRiRL ﬁ%ﬂlte@q:em after it
(50000 ) | evel between from about 50AM
WﬂW?E@éG

is Prog’&s B caMPe FomisEIub#l aydine a@arrm@éum@uthat does
not alﬂﬂer&l{' HHE&QB&: crERasty '@@ﬁe speRf §1fcﬁe¢1s R hfRlse SEAUERLS leheswnhm

reduced gl utathione 2 tSH). In thi s enbodi mént,
about PQminyiey aligr lfs,@dv@qi\\g?@ﬂ i trstmltw YPFIIBaEe efYOPiaservied sperm that
S R LS AR
cryor(rgmmi penp oggﬂn@hmln@ presently amdabbnn@hodmndmedrh

n

Preseg%%ﬁnl {agqi% c%t a? gséér?g%gepen ng 3%3{ us 6ac§a erees lCéa sms to
aboutgamts 2@§ei¢gr625 Dmlsau$ phcspémﬁc embodimans, oojoljrh‘&:rvatxon is carried

out o 4 RStk P BpRusttoh o B el o s 200
degr@ls ﬁ;ﬂllﬁd )Incil embcahﬁmh&l deb@itgd herdin GRY ke3nlingy &§Opres@ied sperm

r more of the recedln
can telpd BdhRidy o AR pPisDReE AmBP By Ee o PaBpse skill in the art
(e.g. Iaacdxﬁpaataf&/mat raRgd frofseboanthitllsystedepkdes QelgusBEHoah thinus 200
g% nt is a nacronol ecul e, such as a mlk or mlk
degr‘%ﬁ (such as skimmlk protein) 30 or skimmlk or

egphy/@lybprotdtehnidiend o€ rddichl Setlve sty 88Q8hedl ﬁe&n{ %@Hﬁbfiﬂ in the
ent, such as nonot hi ogl ycerol, or an anti oxid

CP-ER Cpripostiign andmehogs FuWhEbiCIOT BSGbURsYe d acirtbRpembodiment,

the cBopRIRERBEEH h’iéﬁlani%@hf@eg &aifERRL ond, RBe OF M@Pﬁ%;ﬁ%l 'snﬁav@nger

sugar ( finose, or lactose) or a ‘sugar alco
and QOgs got m@]ugg g,c@jyc)pr@ﬁec@ﬁt a1l TBIBIbrane yoteckenb pln engeembodiment, the

A B0 L R SRR Bt s

comprises (73 QOmbdilog speafrf tqhﬁs@yagﬂ!uqallwwésn@d@nﬁmomposmon that
and ft.h

mclukigscd% e raglg%él g%avéﬁééﬂs(’g\g&lr ega[l}%dgél}{%%éer%t or an {m:%dant? o produce

a comppinatidn (@galfqpa:@uecihva)medlat-dmeun for @RiSedperm rcom’mmttdno alisd agferred to
flceMmmnets e .(.at.

ot G o b LR BREENC hCorFERIGTRD g ) StiBlung e

combmaﬁomlste cohdiciofmthat emalt in ns,;opm&erv@floﬂbf SermEinithe B@mbma‘uon

h e tant is a mac onpl ecu such as a mlk; and the

thereB PR o rioBeE b PRET &S CmRER TRy gesRmpyses Eogenically

presemesiippiragl ycerol (MG . In further specific

enbodi nent s, the | eas n sugar s raffinose;
t % %%C%fﬁbﬁ@nﬁwﬁ&@ﬁﬁpg 83 Fryogenigally preseiiseingm
(prodabihgtdigodetcal 1§ @ﬁése@wa)sp@ﬁﬁ) Eophshadt (é)%o@‘hmg sperm to be

Alternatlvely t.he (at |east one; one_or nor

eryogfai IS REESH PG B AAOMRO S TP torfSITFRS, (htgpludes a free
specific enbodi nents, the cryoprotectant is a (at
| east one; one or nnre) sugfr, such as |actose or a
sugar al cohol, such as glycerol or an al cohol, such as
propylene glycol ; the (at |east one; one or nore)

T
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25 agent or any antioxidant described herein or a
conbi nation of one or nore reduci ng agents and one or
WOrRioe/18d34 oxi dant s. The quantities and PEl/E$100B013884

concentrations of each of these conponents of the

cryoprotective nmedia (cryoprotectant, nenbrane

protectant, free radical scavenger), as well as the

quantities and relative concentrations of other nedia

conmponents (e.g., water) 30 can be determ ned

enpirically, using nethods known to those of skill in
radicalsgavgnger (surh ps adesbicingrageht ar ammanitsxydant), trepliodnceSe eombination

(cryogéag%ulv%%c%éﬂ%%éﬁ%l}iﬁéﬁ%@%}ﬁo%fe%%rtgﬁ% Y initial combination or

the canpimpties & batiyopresadied) ardbistbjectingahe tbdbpradennd conditions
invention can he used for preserving spermfroma w de

that bR R T SRyt i SRR Bis i ng B ot dlag s

cryogthitdlly @ieserycdRbaifatitinl it @mpride BiyosaEtally fiéedivas sperm. The

. ..gnus . Or. rﬁ% s&§§n1_bOV|§e %Efrn1or human sperm As

mitiay prepratien (te GPRatietionde ar FsBroRvethis Predncsd argr to

cryopfelenPAfonGd daf béSaBjeeltt th camitiShd Ml YeSMP R E3bPreSérvation of
stock of nouse. In specific instances, the conposi'tion

spermg n thecoprpiiondemediately sficaprodusiioner wifhinse Henited pegiod after it

is prdduled O PRLR aRBA/ A bl R&r{ed 008 REAH tHife @lﬁﬁﬂaﬁﬁidmﬁt does
in order’ to enhance the effectiveness of the nmedia In

not agyessely efffet therigbility iof theusperpprichfassios prause spprm, any time within

abou?% HiinRes ﬁi?er?if‘is\t?rM\ﬁ:eﬂaZ&% Sg%u?}ﬁenrﬁséﬂe@gn%gérygg%égrvﬁﬁ Sp&Bn that

rrom pryopr eser at |_on.. ]
exhitahesnsisteatlybettersferdization petenkinbiban the fertilization pbteskial 6f

Wi A siraih can b
ervorgPep 0 Bhbp RS By SRR d¥mEle
Preset 983183/ c@ulbe)cagiedonittlat @ terapayeture of from abéheplus 4 degrees Celsius to
ryQproiective di a .and t hods .of this invention.are .
sboud R bt EE CIR (B e o AR ERa st RV B B 1 clmied
out ab lermper?iu&:ﬁbeiwre]&pﬁbm dbonmmibny ﬁﬁdd@é&&&dii’ﬁﬁid@aom mi;lus 200
articu t he C57BL nouse ,strains, such as 7BL/ 6
degrdi] Celsi, oo e il aean GRES dsopbed Bereimre spom o fap s
compitiontdndiméhoddighvisish FRGEis@edBL of fspring, such as
live C57$5$6‘of2§pan .. The nmethod_ can be used to
privdiicambedimepfsriesrribey hereim he reswting <y epreesyest sperm can be
stored) dfde@n@biytit af APropsiateréBipbrafire Aitivitfadhoa &1 Ktk & ¥ art (e.g.,
C57BL6 0 fsprlng_e e.g., Qgenetically nodified

at e PR hElTangh BerAPOY! marns 4l deggess Grlgiunis aboupimises 200

degrde8 Celdits. 12811 @hfboRIhdis, the ¥§oh\¥R@ivE S i BarPlinpridadditional
BALB/c offspring. See, for éxanple, Tables 3A anél SE% .

comppocpisr FACIIF Mfeteiras offics Selysat apt-bapleripkagsot(Sa Antiélahggent(s),

" and/drRGtiGiovieghot eetive nedia of the present invention can

be non ejacul ate, such as that obtained as descri bed

hexglisbd 1¥reif] @PUhSLESRE kst %@@p@ﬁyﬂgé Bf fiotd ve

medi a- sperm conbi nation can be placed into vials,

Cr ¥ QleHRfSemSb B nRMBRYh&8od H}“ﬂie%rés%%ingént%r{ RUWSmERDd of
cryopreservation and subsequent "storage. The quantity
prodeging brie effspring, ahid canes yartehrates efspanttypes éndudisgmapuhals

d n%g_qﬂghgj al ' 3 i int
n consi erags?i %%S asﬂ%ﬂ“’?ac gérMshca Fﬁegéftfii’é‘@ 0 %1 paér Iroﬂdaeﬁg' (8-
mousehwt), yaitle/boving (amS,smlélpb dofs,tchts, pignfsaiines golts] sigep dedses,

. - e b
camel{)iitfis 1 2GS 5Pt B GRall s GG Mok R pt o
compznmdiisht (Grase ptoduiekdl bor dORsERBt @, €ogpasioal fish),uskst spheies

. centratign L x I\S 1 ne ch tha he.spermfr .
ot ERBE SRl pedrodpdTbES, THER S ohinf it Pl Thyine
compirlses theseepe ideSritBl/abo 80 firaeyodehically praenime girmadrdafarther

the range of 31.5 +1- 2.8 x 106sperntnli. For other
strains and species, the optinmal concentration may be
different fromthat for C578L/6 sperm and can be
enpirically detemained using techniques known to the
person skilled in the art. WO

NN N™ ] A AP S A AEPSNANT ] 1 1NN NN ] N A NSNS A 7" 4 ' o

N oy
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5 of use of a conposition in any method descri bed
herein. A "kit," as used herein, typically defines a
w@amkags44 assenbly, or container (such as an ipPcnUsioerio13sss

contai ner) including one or nore of the conmponents of

the invention, and/or other conponents associated with

the invention, for exanple, as previously descri bed.

Each of the conponents of the kit may be provided in

liquid form(e.g., in solution), or in solid form

10(e.g., a dried powder, frozen, etc.). In sone
compcissseﬂnamﬂ@tﬂel resilting agepresarwed spernr @hcﬁrehja pflﬁllilbﬁlg thiwvedsperm);

. w thin the_.sanme .or i re re cles

introdfped e Sgrm 8 B e Foct e PERRC4 IR Wink ks

resulifdy Sofndthe @mtndm désctibeiabveditd di0approptidié f&nﬁaml as
ncl ude les, vials, jars, tubes, ?éasks kers,

pseudgpraaant {oRAIC: ok B PekcBBIeEns ooV HER frfiyoed cocylés are

used &4 4 bedepaoé feﬁﬂm@ ﬂvHé' 19 58 6estrlb] whit thaGed @?ém?%ﬂetustaﬁﬁmd
receptacle re | ess of orientation of the

malnm% %ﬁe@aale in o w o PPCYIRTOT SRETHY yvﬁgqqltngodlacqgl qndﬁﬁy‘ondltlons

appropRiaRy fo @réviih £1d JRERpRfenfoMRANIRAGRYRE GibINE 'ofﬁpﬁﬁg e
radi cal scavenger, or a cryoprotectlve agent, which
(appragjatg dor produetieneklivefbpriag). evhasebylive eeprinedistgre modgeed. In
t | l: |
R S R i e L L
they amerpsessnbinamoanpeepninte media, fudeasibe CPM oal VE qasdimgBer example,
td I,
the t}?ag%gppgnﬂ %‘i’@%@ﬁ{éal?éﬁdlg nggltbmamh i€ Pﬁdlﬁﬁg@ Qlddltluted 1nto
apprapiatehkV ¥ inyeglia ms@boksl Moam’féxtﬂnﬁem (CadkeAustradian mecmsdrfnd

b d b [
R AUy T RN T

Spernmrayn be irgluduped by sungenyrassismderrafitiab insemutior $&)). For example
chilled

TN MO,
betw@&m2BE oaay anfilvariah balyauiear the GEFundiboilym OF an Bviduat) IA;lternatwely,

the PR TRORGHISE ‘ioah AR AFHaP PR B PV EpL Al g an

, apprdp&hﬂiﬂecq&@@) female, such #¥/d SupeRgaded rhale; Zs%B (§£tb whl ®ishura,

conmponent s present (e.

2001308, Blec Db &y ootz s SHOHES SHREGP asbonpisite media

combiRGRINS dilufedARR HOIPFRSpriat Ve nicdidie.g. Bk MRS VGABTRR:
(Cooreceg acle), or as two or nmore separate liquids (e.

dugenslandohevbian(Quiny et al., 1995))|aﬁde%mb,§pwen%y mixed |
with Gggﬁﬁssé QB obYted A& @Lﬁﬂﬂwmﬁo@l’h@ﬁnﬂf&@%ﬁga@cgﬂ stage or 4-

(e to an active form, for exanple
cell tad équiléﬁagsfeI@brg% teggula csrdﬂasétmysbﬂam ﬁebrygpe%ul@squmwc h

fertﬂfi@& eg S Wellrg&%fcg& lﬁ&@% O %é F&‘ﬁbﬁ) g, mg%ﬁa Sf(mogyst stage

onponent eate
embrzwln@@@mﬁﬂmww@t@mcmﬁemwed to the
conponent (e.g., if the conmponent is frozen,

| yolsRithe sehiectol ﬂpp &weniiomatsonEepTotestizel nfedraﬁpeemcpoynbmatlons

corod 5 SRRy ek B HBE 4 ELAOBEESEE Y

pTOdwébb'rthem@mdsaieSGdardenger and at Ieast one nenbr ane

i fic e
7 G bber of i pRRRGou e PR e ol e S tprogity e

methh@dﬁsnnbctch htdpemﬁerdnﬂﬁjdirﬁmts,,thé hige offspiogre rsdentate g., mouse

| east, one opr ot ect ant | east qne free radica
rat), G0 BpgR en, BEBIShE b8k Mot dorsef ity Tap i pliEf pippaion
mam#aty, pirge (6.g., vhiskal, ltmﬂlbﬁfhoh@aﬁldtﬁﬁﬁﬁb il (b3t @r(fdh;ced for

contai ning nate s .at cr genlc tenperatures or
consRBY €O %aamno*r 5:1?3 PGher shefdesingudipe snderass Series):

in the art will be aware of suitable cryogenic

vessel s, for exanple, a Dewar flask (e.g., fornmed from

stai nl ess steel and/or alunilnum etc.), a vapor

shipper, a stainless steel container, a Styrofoam

contalner or. the I|ke Typlcally, cryogenlc

e I ' I A ™ N~
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30 formmay be concentrated or ready to use. A kit of
the invention generally will include instructions or
WO p®tnustd ons to a website or other source in BOHUSIHOTNI3884
that are provided for using the kit in connection with
t he conponents and/ or nethods of the invention. For
i nstance, the instructions may include instructions
for the use, nodification, mxing, diluting,
preserving, assenbly, WO 2007/146344PCT/ US2007/ 013884
storage, packaging, and/or preparation of the
conponents and/ or other conponents associated with the
case nstructlons may al so i ncl ude
fﬁ%n Rﬁﬁ%ﬁwegﬁ?lvery of the conmponents, for
exGyppetectant shi ppi ng at room tenperature, sub-zero
t enperatures, cryogenic tenperatures, etc. The
[ ri&terdnycbprotwtmaynekdm nobd heiddiin itasyedific pompbadnts. SFor example,
sef to the user ,of the kit uch as. witien or ora
the crygpipie et (UREFIPES ypt PapProlgafive gBCnty {Rica gy agon-
peneﬁ/dtﬂ@%y'k&ﬁote@wﬁt (Rl€as) 0d) Bn6 br RS hé PP At FRIELUR SitbtedRGt(s)).

(including Internet or web- based conmuni cat | ons s),
A pellﬁtr@ypg @qupﬁotgﬁt?n He{Aatleast one, one (p{smcargé@nﬁ@etg}gqcryoprotectant(s))

can alsBYelded.] ANcontBiRafiiCotidiR dHRéRGdhSpenbirdifitd ¢19BBrotectant and one
gui des, war ni ngs, Iabels notes and/ or requently

°rm(§§lk’§’aet’tﬁ§’é’§tq%?i§“’te€%*)n SW®dt ypical Iy i nvol ve written

10A RehIgdabt-ait &'9019{0‘[&%&@% @&cﬁ&e‘%ﬁéﬁtﬁcﬁ%ﬂoﬁﬂ%bﬂ@ incapable
and/or ‘'wth the pa;gg%kng . the invention.
of mqviag peress veell eembs tee theguenprane of thesngrm) to any
{
sxgmg&m o Hl?s‘fﬁ{otig? I@)Etg}'xp 6?%{ Sgﬁ%ﬂﬁ&ﬁ of the %ls%ua%ﬁ‘lsﬁ%, gtgﬂyfefs the nature
and/orgnteet of ehagges thiat hequr @ntlszema@dfm@m erykptofectivemediam to

enhar?ce%%?ﬁc ge th& éﬁﬁﬁ)l ﬁ({{ Ec%%%rbfzcgli%@gnﬁﬁa{ Ql? {v% | i ?servation.

Componefxts o

e use Xa

Non-delmtnaﬂsg dr}lwrmlentamswshfml ghthp m;m‘sehﬂnaemmﬁrn(?antbqaa Slal yr a
UCtJOH for use. For instanc

mons{ 4k BF P IBHE 08, REEF HT FHERS T R0 g0 eGP RErE o In specifi

embddiv@erite rﬂajsafmwmhe@ﬁ B ry@peotbdibrefthéda i9g k@@ or combination of
scaven Snd stoqeﬂ%P esul ti ng conbi at&%g and/ or
two QF JRTF AUEATS RhEats inethdr 1 3s FRvoBrarehe Ve dnehis cambe Anot her
dlsacemmts; (tremﬂogdw Sﬁdthdsb omrdmylauagé)r 4l &lisakaeaﬂ&@d) X rafﬁnose
nbrane proteetant, free radical

mele%l&i'e)e ﬁdé‘i‘asasﬂt?f’é’ﬁ% §5-8t Bathyoee) agephigosasrhagidgis) fragaragiose), or
a pol%"ﬁ@cl'ie@ﬁlété) (8., GRARAN HyuRIky{-8tH§1 stafth (BASDH hix®Su AP ele%ho1s

cryopr eserved conblnatlon could then be stared

therepfie ribaltieh fasstalh Borartigufr appbndigentantie|sygayincluded in the
cryoﬂr@fé@ﬂ% iﬁedﬁrls trﬂ?inbké‘@r la&tgg@tNBﬁsQ@Hsoghc@lfas%o@fwlgg ﬁﬁJhdone

Scavenger s nmbodi ment is a nethod of ident

(PVB)rpadye nlﬁeepxs’@a(%ﬁa@r pelyethybineglyepl PEiBe cimbe i included in the
cryop?rf)ﬁégﬂ Exfhy ﬁgf g:\%lﬁﬁnﬂb ?ﬁi}{dlé&u@ gﬁ%‘g%ég{i’g u?@(f Such as

ne of .the fo ties o
PEG |0§ i aversgfavemlar V(eaghtd*apa BEIG4109 t¢ REG20009 DadtondBESH00 to

PEGﬁ&{'Hb %@te %g{ifé ? Q)%%tgag%ngrbﬁ tnl:tta.pp ée%nel;e{ %ﬁhz z%t 1:)esrpe?ra{'n ng

cryopmb@ptanmﬂ o scﬂm‘e (amnucdameurﬁd)e:e arsawenathas cavmogencross a cell

A R T N T N .
extertt o€ ehaneds thalt osma‘\h@ltlg emthnFthe sBénexa il the ct}fopfrdSteétevd media to

reduction in reactjyve gx spebi es i n sper.mwhen the

enhafiiat ine oo e PEREnl e e B Rt e SBITR froapreseivation.

c amcbpdatre chiterlimanks Chls @REORBRIEIE thé B oprdtedttlatiBedih @ one or

scavenger is.a free radical scaveng er sui t abl e

morefcg"lﬁx%g)é lowing: ?%ﬁ?%tgaéwl g jjgehol, such as glycerol; dimethyl sulfoxide

2007/ 146344PCT/ US2007/ 013884 sperm |f spermnmotility

is enhanced or at |east nmintained at substantially

the same level as prior to Bryopreservation, when the

sperm are contacted, conbined or incubated with a
candldate free radlcal scavenger, the candldate free
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cryopreservati on, when the sperm are contacted,
conbi ned or incubated with a candidate free radica
weeaven3esr, the candi date free radi cal scavengerT/Us2087/013884

free radical scavenger suitable for use in

cryopreserving sperm In one enbodinment, if a free

radi cal scavenger -to be identified is a free radica

scavenger for use in cryopreserving nouse spem,

10activity (a) and/or activity (c) are assessed. In

one enbodinent, if a free radical scavenger to be
(DMBOgnni dlechbl,issich a$ ethglanadlyol orspmpgfege iglyfool, cntecdntibination of

ety ROTE YIRS B B0l atBieton 2F i pihottoRendiatngd

cryoprttectadist@danéat intirg pehettniizaaghiestetantaiatcldolse tded. Tt should
effect, if a<% of a candidate free radi cal scavenger,

be undgrsfoad that some camponeifs. spehpsglecerdl aetag PeRsiraiig or non-
pene@atRpddr P‘Eﬁlbteciaﬁ@ d@%ﬁéﬁﬂﬁ bRAREBEHdESns tHAP MhidhOthe fhre used.
Ooa

sperm ed with a cell-pernmeant indicator (dye) for
Glycs%r@ém eapairehel thads pe%etfatrag af EOORR HF PRAYT leRMSTAtIIG And ion-

peneewtlteapaaﬁyéﬁb%w Bedrb8 RREEANEN: {iWicht AMHARCE,
free radi cal scavenger, thereby producing an | ncubated
ghc%ghﬁMQﬁW%ﬁHEHHW@§§§§§Wﬁg the level of reactive oxygen
species within spermin the incubated conbination. I|f

t herehysle Mbitdce@et | ve oxygen species in the spermis
reduced (e.g., 20relative to the level of reactive

OXYEE e fibedicqolclant BorhPsnerip6f melc@yaﬂ}stee@&@ﬁﬁala%ntﬂé%y ofa
candi date free radi cal scavenger), the candidate free

widevgepiyaf rarcagmplysnles $haf apfase byt ean dsl@améﬁ@abﬂszﬁ qraishigt in

stabififihg YEIE miethBrhY QP MEREh¥inBhne REStEtakt Jo'hﬁ%n ﬁéjéagaa&e a go € or more,
scavenger identified by assessnent of one or P
at legshene) mr@téma@t(om 1 mered étlepstiong) adropetein ab?@nfhmath?mrof a
protefi® SCpro d 4 héh PRRéid! OSE- é)gétefhsf 2 o&xg%'r Cilre rotelns can be
scavenger y assessing the ditiona activitl e
presembin/doraved|feom iahingal sabides (anithalyproteing) and cam tecor example milk,
r [ S S
milk GEAGHVES oP BB 567 od MR BTN, TRERIRISHep A Yiquid sim
milk wp kil tjlk powvsleeX h ecotedrf intohidk {eng.yint wholkenitlk,|skia tnhitic);or @r

assessed. as appropriate prqui de
comp et SR oRSRES RSt R s byl b Beeh Bge cne yotkor
egg whithi, sadh axcheshnditkeh@pgliege yolk of y@g)wa&e)“, wairbein if egg, egg yolk

or g oHLH R TR net e oo Reehr RRBREih PERlongiy Koo

alburiiieor a&h&&:oﬁﬁﬁnétﬂh&ﬁé&df t AltoatileTy the @nt Br Aitfe Pedteins can be
E? e 1. Cr opreservatl n of Muse Sperm
deriv, 3&08?

Plan} eqpstasdP IRk Brateipsh and 6ap s OF PyamBlsy FoY Biotsier yheat

protelid tcBfn Po&sin CdoxORIGARE VAR ¢4, jORBABAH&, BF AT combination
pical ly range from0%to |ess than 10% ( d eni'st er

thefeaﬁ dTheverepbzane protssiant sap bk areampPEgHpR of ang ef Miorg animab proteins
and drdte® n®re %@an%)f&"@xh@g g8 oﬁ@ @r E@K@ ﬁltytélﬁs cahl5d3 }ecﬁﬁﬂﬁéﬂtl}g

very conpl ex procedures i k he two- step nmet hod

Pmd‘é‘éidél?‘t)teﬂb pugh wemwllqun,sgf&tm, ﬁbrqmamr@bwneémalbumm
lactogigbgﬁlqgkelr %ylf&%xﬁlﬁ tga EPer Oﬂnéll%géel byl rﬂéxﬁb{/&?&o .

uate clent I NC recover
proterc‘amgearnbnm@si (ofg..GoBRI Bpidt plamdaald,l c;heanqdbfr sadresized), Synthetic

ipiaS 360 PRSI AHARD LA N T AR P
phosphidgtthativke, qﬂxpepiieebﬂdiy}seﬁﬁﬂ Bbbsphstitgiettmnobesioe ﬂm}ybxyethylene
t medi.a.(CPM. th .
based 3% hrachi o BnleRe 4RoR BeRtie et 1ButE pENeia sty acids,
chol@;erﬁoﬂhﬁbmls @R6®br M)ﬁ&?ﬁ%&?@’fﬁﬂk%f appbe a@ehféé.g as in chemically
characterization rtilizat]o
cfings Balf topog e o es by Trvivoabafes Ne T POs b s gk gixture
for oocyte donati on; Cbnparlsons of percents were nmade

usi ng an arcsine transfornarion; percents within a
col utm havi ng uni que
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superscript (a and b) are different with Tul cey-Kramer
HSD (p<0.05); (see Table 2). Table 2 shows that no
woremsasaipl e di fferences were noted i n nouse SpBCTIUS2007/013884

viability or in 20 the percentage of |ive spermatozoa
havi ng i ntact acrosones, but that there is a
significant difference in the nouse sperm
fertilization rate (% 2-cell) with 19 % using the CPM
versus 7 %using the traditional nethod.
Applicants have shown that fertilization rates are

by SigmeaChty Nam dLO@&&)s [ Atfwmh&r}examptmfsﬂnwhﬁmanermowemnmsarmblymer,

net.h ' her Jn are arried out
ol IRY ARG BL GREAL, 45 AShBiPubh fr AR hiEBwBE brorf dfnd srsrined
hereif b Bintifal agehts cande nhatmdhe Bty@ptdtéctﬁ/feyfﬁéﬂl@t g6t exeenpte ok or
descri bed. herein. The¥)~ are e trac ed and placed into

more JroteSy BIIART OPe P MASF PEYENG §F gRishp 8rlgr& TS pgre proteins
of pldit dirigih 4relPd) ond/ bt 1B BreGRERNbIRASS rﬁaﬁn gaPB@ingludeatin tHeose

[18%W v], skimmlk [3%w v] and nmonot hi ogl ycer ol :
cryoqrmr:@)wweé@m iy can Ay comipriseasiditiongl membigie ptectants, such as
one or RMbre i1 qerge SRAS rhételgad SIS oﬁ%&, 9»%9 ohd8r m%l?@fx?]ds of

to swmo Into the CP this is al for at |eas

plantorigin angfpr pra;er MAEsypthegic ﬁlpldrwey maixtuae af ﬂteﬁ% &nss of fipids)
and/&rhfmAr Q"Pi@\é%ﬂcérﬁﬁfibﬁ 'a?ﬁfe%&ﬁsane rbrskg&gn &ﬁrberue@érﬂmea

liters of perm sa e are Into as many
empigaalln mamgeraetbg@qkqwn sthofskilh s thelanly; Invigpthia @nwbments

the cé{lg%entar%ﬁ?% gf"gx@&ﬁ)ga&:ﬁi’gf ﬁﬁn@r&?%&ﬁf{%%&@%ﬁmmﬁ to about 50%

weight/velume, such 26 B&ﬁmmmlmﬁe ﬁpekml sraﬁppcewcﬂqyl Atmmnbylyathe

[ e W t
concgrﬁr#% %.!ilh % i{({m gf)\l\gutZIr/}; k’ﬁg]énueé Vi tO a %@g()?g S g%eﬁloiwne such
as 238« pohwte/tauinedur eggydlk agd QO\%p?mmﬂhr Inadll ¢rabedimbftsyihe

bef ore bein | un nt o |iquid nitrogen. This
conegifisioR AR o) SpB sPaciiiatilh SrS b ken | subsequent to

storage in liquid nitrogen, 3 sanples from each

t r Eme Radicah Seavkigéthawed in a 37C water bath for 30

sec, and then each 10p.L aliquot is placed directly

i nThe fres raglisnl Sazﬁetn'ge;r opintpomefiie(atsol refeated do ag H\Ex)eedadxpaloa‘cavenger

agenti%?lfﬁe #88?1%‘[%%\@ me athl%oe?xi(y &:%%%1{%%{ g%chqé cgmﬁﬁt? Qge with
viabilityt aﬁspemcayldeuﬂldﬂémly&fffe‘ctma(mm)’ it adraovdscof Bhddiilates free
i 0 B b A b B oo
(nunblei)l df dells {dpermy that @tﬁhe&ﬁyd;ﬁedeh&tibﬁ andichn tﬂanﬁes 66¢hedlis

at a. kagat a, 2000a; Naka ata . The
consisa AR A BeS SAH SATRRR ORI B0 i iRy coppbund or
molebglepfihtdier RERSHE BN ©r 4N AAlOS dAtethhERAMBELef degiitd he

| VF, dr op anf(all %I aced in a culture drOﬂ for averni ght
characizisgige. blgetul ree radiogh s¢ayengerageyts £an Bg ddentified @ deggqibed in

ExarR§le GeHdatiamsile 29 Cintvasickl enel uekty e rh sl dhidgBRtiol Wt%@ §educmg
is determ ned (#2-cell enbryos/# total ooc tes).

agentyas pEEred UsHigeA @/‘équs‘JCQOdX?eﬁﬁ@eﬂﬂ‘g cytomneRye rﬁ@radlcal scavenger

agentsnROAS o R o{eQﬁvé‘ quﬁhQPreééntllﬁééﬁloﬁ X G1tEARTely be

per treatnent ‘are eva at h a T-Tes

ldentelﬁ?d‘@r methods &nowero thasaofielkillgnitee 41t ustrated with an

asbgg 0 51&9 ﬁ%e Qa?&lcal sgﬁveﬂggﬁ ?Q atohg By nlBré AR agent(s) and/or

standard errors were convVerted’back into perc
one gl thorscmtienidaats) carsbaincMi& $intw ayoprofectvethedia. In Spemﬁc

[ tonr elalve res ' .

emb(t(ﬁfnn g{spﬁlg e l%%val art%e ??1 gar ex lﬁmoé% OQ'%(?IJG r}gc%cmg
agentsosumémsrcnielcmm@ré of e follMving matedhibpkycbred {MAEHUbeE-

mereBEPe oo s Shiiee il Ty B8 P ry kr R RGP (CRR,

or traditional method Fertilization Rate 2-cell
enbryos transferred |live both CPM 68.4 % 225 80
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Traditional nmethod 6.5 %45 7 The
follow ng day the 2-cell enbryos can be transferred to
w@seodapuegnant 30reci pients or cryopreserved POI/USAVE013884

use. WD 2007/ 146344PCT/ US2007/ 013884 Previ ous

nmet hodol ogi es have provided fertilization rates of

| ower than 10% ( Songsasen and Lei bo, 1997; Szczyqgi el

et al., 2002; Sztein et al., 2001; Thornton et al.,

1999) when using cryopreserved C57BL6/J spermin

standard | VF procedure wi thout any mani pul ation of the
dithiessytpritol athioraiierio (TRED edidliente, drmercaptoethyfraning, diotethyl thiourea;

o S OO AP o

Alterhatrvely,itha fiico madied] scdveng@xaBIb6 /ohe ONakag aﬁacgadaints such as one or
93 )| t.h e

more B T PR REE D, 05504 e

(GS}Bpaymge,rhorﬁcmytsteinez Blt-ao@wl cgsteme (N AT R afeftiiohinaIN/H%
ve been og} ai nefi se rrEthOdrs"tiF \{)e al so greatl
mercal OB aPL 2B 5 PR BRI, FRelffoRi gignitol, ipoic
acid, abge Kd&ﬁﬁdﬁo&&aﬁrbﬁhe t@mumﬁﬁtéﬂmomwé ¢(BHAY, butylated
usi ng previous net ods it was not unconmmpn

hydf%mgp e cilrydranlingic pad.etrahyidrapappyerglingUBARY 2- tmbarblmlc acid,
or taukelaf dfndi€a dﬂt@%cﬁﬁ@&bl&- fbsita %lﬁ'%l‘ Qe s ?%Eé]&@%\genlgﬁr can

Mce referre herein as 129P3/J were referre

be a yifpanip (et asyvitaspnic@eqopherohsr a dorraivei thereofiisnch psweter yoluble
fomaopnm I mlmra:eta@&&aﬁ aci)eVITRhIICA, SRSRRLRS d(SALge;)&hﬁm,

has 15 resulted in observed ‘tertilizaftion rat _
vitangp & capplex fingluddeg inpaisgl pet Coenizymed anapwesolmmhb'lzsalfomde,

deferg@tae fh PR GIE Bl Pk BhRYAe s Jhfiiiine
dism@as) & Bgtoi@iRhes 2C3MitpkdroktsBhiithylbzBuiBdlonkk an glutathionine.

Fe['ilta{. Aﬂeéf’ﬁc' e%b%ﬁ"gnt of the cryoprotectant media, the free radical scavenger
is monthioglycerol. In this embodiment, the free radical scavenger is typically present in
the cryoprotective media at a level of from about 50uM to about 50 mM (50000 pM).
Any level between from about 50pM to about 50 mM (50000 uM) monothioglycerol can
be used. In a further embodiment, the free radical scavenger is reduced glutathione
(GSH). In this embodiment, the free radical scavenger is typically present in the media
at a level of from about 50puM to about 50 mM. Any level between from about 50uM to
about 50 mM (50000 pM) GSH can be used. The concentration of other free radical
scavengers can be determined empirically and will vary depending on the particular
agent used.

In a specific embodiment of the cryoprotective media, the cryoprotectant is a
sugar (e.g., raffinose or'lactose) ora sugar alcohol (e. g., glycerol) or an alcohol (e.g.,
propylene glycol) or combination of two or more of the preceding (e.g. lactose and/or
raffinose and propylene glycol or lactose and/or raffinose and glycerol); the membrane
protectant is a macromolecule, such as a milk or milk protein (such as skim milk protein)
or skim milk or egg yolk; and the free radical scavenger is a reducing agent, such as
monothioglycerol, or an antioxidant, such as GSH.
In an alternative embodiment of the cryoprotective media (CP-FRS), the

cryoprotectant is a sugar (e.g., raffinose, or lactose) or a sugar alcohol (e.g., glycerol) or

an alcohol (e.g., propylene glycol) or a combination of two or more of the preceding
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CPM+MTG Tradi ti onal nethod 51.2% (81/158) 21.7%
(93/428) 18.5% (80/425) 0.0% (0/36) 69.1 % (231/177)

WO 20914639 521) 55. 4% (1531290) 10. 3% (14411299 CPOsDV6/013884
(301/307) 55.3% (150/327) 98. 8%

(e.g., lactose and/or raffinose and propylene glycol or lactose and/or raffinose and
glycerol) and the free radical scavenger is a reducing agent, such as monothioglycerol or
dithiothreitol, or an antioxidant, such as GSH.

In further specific embodiments, the (at least one; one or more) sugar is raffinose
or lactose; the (at least one; one or more) membrane protectant is a macromolecule, such
as a milk; and the (at least one; one or more) reducing agent is monothioglycerol (MTG).
In further specific embodiments, the (at least one) sugar is raffinose; the (at least one)
macromolecule is a milk protein; and the (at least one) antioxidant is GSH.
Alternatively, the (at least one; one or more) membrane protectant is skim milk.

In further specific embodiments, the cryoprotectant isa (at least one; one or
more) sugar, spch as lactose or a sugar alcohol, such as glycerol or an alcohol, such as
propylene glycol ; the (at least one; one or more) membrane protectant is egg yolk (e.g.,
fresh egg yolk, such as fresh chicken egg yolk) or skim milk; and the (at least one; one or
more) free radical scavenger is monothioglycerol (MTG) or reduced glutathione or
dithiothreitol (DTT). In further specific embodiments, the (at least one; one or more)
sugar is raffinose; the (at least one; one or more) macromolecule is skim milk or a milk
protein; and the (at least one; one or more) free radical scavenger is GSH, MTG or DTT.

In a specific embodiment, the method of the present invention is a method of
cryogenically preserving sperm, comprising combining sperm with cryoprotective media
which comprises at least one sugar; at least one membrane protectant (e.g., a
macromolecule such as a protein or a polymer); and at least one free radical scavenger,
such as a reducing agent or an antioxidant. The at least one sugar can be any of the
sugars described herein; the membrane protectant is a polymer, such as polyvinylalcohol
or Pluronic F-68; and the at least one free radical scavenger agent can be any reducing
agent or any antioxidant described herein or a combination of one or more reducing
agents and one or more antioxidants. .

The quantities and relative concentrations of each of these components of the

cryoprotective media (cryoprotectant, membrane protectant, free radical scavenger), as

‘well as the quantities and relative concentrations of other media components (e.g., water)

can be determined empirically, using methods known to those of skill in the art, for

production of a variety of media. See the examples.

Methods of Preserving Sperm ‘
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(203/209) 27.4% (203/607) 68.4% (326/488) 6.5%

(227/1581) Table 48: Assessnent of fertility rates in
waldoffesam nouse strains Mouse Strain CPM (+MIEYT/US2007/013884

Traditional nethod 129P3/J 48.20% 12 % ( Songsasen and

Lei bo, 1997) NJ 92.67% no data CAST/E J 2.38% 0 %

DBA/ 2J 87.85% 45 % FVB/ NJ

The cryopreservation media and methods of the present invention can be used for
preserving sperm from a wide variety of mammals and in specific embodiments, is used
for cryopreservation of rodent sperm, such as mouse or rat sperm; bovine sperm or
human sperm. As discussed in greater detail below, the media and methods can be used

with any strain/substrain or stock of mouse. In specific instances, the composition of the

cryopreservation media may be adjusted as to its components and/or their respective

concentrations, in order to enhance the effectiveness of the media in protecting the
particular type of sperm (e.g., adjusted to suit the particular strain of mouse sperm) from
cryopreservation. Adjustments can be made empirically, using methods known to those
of skill in the art. For example, the mouse strain can be either inbred (e.g., C57BL/6;
BALB/c; FVB/N; 129S3/Svim) or outbred stock.

The cryoprotective media and methods of this invention are particularly useful
for cryopreservation of mouse sperm, such as sperm from inbred mouse strains,
particularly the C57BL mouse strains, such as C57BL/6, and, thus, for production of live
mice of all types and strains, such as live C57BL offspring, such as live C57BL/6
offspring. The method can be used to produce live offspring from all mice with C57BL
background, such as C57BL6 strains and particularly C57BL6 offspring (e.g., genetically
modified transgenics, knockouts, as well as, but not limited to, live 129 offspring, live
FVB offspring and live BALB/c offspring. See, for example, Tables 3A and 3B).

Sperm which are processed by the method and using the cryoprotective media of
the present invention can be noh ¢jaculate, such as that obtained as described herein, or
ejaculate sperm. The cryoprotective media-sperm combination can be placed into vials,
cryotubes, glass ampoules, ministraws or straws for cryopreservation and subsequent
storage. The quantity or concentration of sperm to be used can be determined
empirically, using known methods, taking into consideration such factors as the type of
sperm and the type, size and shape of the container being used. In the instances in which
mouse sperm is being cryopreserved or used, 0.3x to 3x of sperm per 10 microliters of
CPM or CP-FRS are generally used. The concentration 1x is defined such that the sperm
from one male are collécted into 1 mL of CPM or CP-FRS. In the case of C57BL/6
mice, this is a concentration in the range of 31.5 +/- 2.8 x 10° sperm/mL. For other
strains and species, the optimal concentration may be different from that for C57BL/6

sperm and can be empirically determined using techniques known to the person skilled in
the art.
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i ncubation, 4 cunulus intact oocyte clutches from
i sogenic strains are added to the incubation nedi um
wo-odorawizmg a 4 hr co-incubation, the presunptiREr/US2007/013884
zygotes are 10 washed and cul tured overni ght.
Approxi mately 18 hours later, the fertilization rate
is determ ned (#2-cell enbryos/# total oocytes). See
Table 5. Table 5: Fertilization Rates Determ ned in
the presence (CPM and absence of MIG (CPM MIG
15Strain Treatnent Fertilization Rate 31.1 %6.2 %
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flasks, beakers, and the like, for example, for using, modifying, assembling, storing,

packaging, preparing, mixing, diluting, and/or preserving the components for a particular
use. In embodiments where liquid forms of any of the components are used, the liquid
form may be concentrated or ready to use.

A kit of the invention generally will include instructions or instructions to a
website or other source in any form that are provided for using the kit in connection with
the components and/or methods of the invention. For instance, the instructions may

include instructions for the use, modification, mixing, diluting, preserving, assembly,
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obtained in all cases. This denonstrates that
cryobanl ci ng nmal e nouse gernplasmfor strain
WO emonsdsid ution is a viable option. 15 Tabl e 6pPCT/US2007/013884

Fertilization capacity of spermfromgenetically
nodi fied mce. JR Reference No.# Strain Background
Cenetic Mdification % 2-Cell Stage (# 2-cell / #
oocytes) 3640 FVB/ NJ Tg(yACr72)2511Hay transgene
81(105/130) 3238 BALB/cJ C2ta (crass |1
transactivator) knockout 76(112/148) 2329 FVB/ NJ PLAU

storagp) pesihgingeandder preparetion of thkicnapehekts asd/orbth8s components

assoéi%%{c:l %g% th%é(]‘t? Ig%%ﬁxlé(sc]asg, &Fquﬁpu&%% %@ealé(ol ﬂl%?u%e%gstructions for
the delivery of the components, for example, for shipping at room temperature, sub-zero
temperatures, cryogenic temperatures, etc. The instructions may be provided in any form
that is useful to the user of the kit, such as written or oral (e.g., telephonic), digital,
optical, visual (e.g., videotape, DVD, etc.) and/or electronic communications (including
Internet or web-based communications), provided in any manner.

As used herein, instructions can include protocols, directions, guides, warnings,
labels, notes, and/or “frequently asked questions™ (FAQs), and typically involve written
instructions on or associated with the invention and/or with the packaging of the
invention. Instructions can also include instructional communications in any form (e.g.,
oral, electronic, digital, optical, visual, etc.), provided in any manner (e.g., within or
separate from a kit) such that a user will clearly recognize that the instructions are to be
used with the kit.

As an example, a kit as discussed herein may be shipped to a user, typically with
instructions for use. For instance, the instructions may instruct the user to add sperm to
the membrane protectant and the free radical scavenger, and store the resulting
combination and/or return the kit and the sperm to the sender. As énother example, the
instructions may instruct the user to combine of sperm, membrane protectant, free radical
scavenger, and cryoprotective agent, and cryopreserve the resulting combination (e.g., a8
described above). The cryopreserved combination could then be stored, returned to the

shipper for storage and later recovery, or the like.

Identification of Free Radical Scavengers

One embodiment is a method of identifying a free radical scavenger suitable for
use in cryopreserving sperm, comprising assessing at least one of the following activities
of a candidate free radical scavenger: (a) capability (ability) to reduce reactive oxygen
species in sperm; (b) effect of sperm motility; and (c) effect on in vitro fertilization,
wherein if the candidate free radical scavenger produces a beneficial effect on at least
one of (a), (b) or (c), the candidate free radical scavenger is a free radical scavenger. For
example, if there is a reduction in reactive oxygen species in sperm when the sperm are
contacted, combined orincubated with a candidate free radical scavenger, the candidate

free radical scavenger is a free radical scavenger suitable for use in cryopreserving

20



10

15

20

25

30

(72/111) 5839 C5751J6J Solute carrier famly 22
organi c/ anion cation transporter nenber 12 knockout
weR0(ABBI8) Exanple 6: Determ nation of Sper nPCT/US2007/013884
Concentration and Motility To determ ne the
concentration, notility, and progressive notility of
"freshly-collected" sperm the spermis typically
diluted 1:20 in either phosphate buffered saline or
Cooks mouse vitro felt (Cook Australia; Queensland,
Australia; (Quinn et al., 1995)). To assess 20 thawed
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2007/ 146344PCT/ US2007/ 013884 "M ni mum Cel | Si ze;

cryopyesezyation. Mhen AReipsrn aresentagsd. combmedprinevhated rvshrﬁ)candidate

free HHl@@ﬁ Q@i\%ﬂ a0t QoA fid ﬁﬁfoaﬂ%ageﬂé‘grqs 2 WediratTta{ABavenger
8 pm's Low VSL Cutoff:
sultable for use 1n cryopreservmg sperm. In one embodlment if a free radical scavenger

to be identified is a free radical scavenger for use in cryopreserving mouse sperm,
activity (a) and/or activity (c) are assessed. In one embodiment, if a free radical
scavenger to be identified is a free radical scavenger for use in cryopreserving bovine
sperm, activity (a) and/or activity (b) are assessed. The method can be carried out using
a variety of approaches to detecting the effect, if any, of a candidate free radical
scavenger, such as a method in which a dye is used. In one embodiment, the method
comprises incubating (a) sperm loaded with a cell-permeant indicator (dye) for reactive
oxygen species that is nonfluorescent unless oxidation occurs within the sperm and (b) a
candidate free radical scavenger, thereby producing an incubated combination and
assessing the level of reactive oxygen species within sperm in the incubated
combination. If the level of reactive oxygen species in the sperm is reduced (e.g.,
relative to the level of reactive oxygen species within the sperm in the absence of the
candidate free radical scavenger), the candidate free radical scavenger is a free radical
scavenger suitable for use in cryopreserving sperm. A free radical scavenger identified
by assessment of one or two of the three activities described above, can be further
assessed for its usefulness as a free radical scavenger by assessing the additional
activities. For example, if capability (ability) to reduce reactive oxygen species in sperm
is assessed, the effect of the free radical scavenger on sperm motility, its effect of the in
vitro fertilization; or both can be assessed, as appropriate, to provide further indication of

the suitability of the free radical scavenger for use in cryopreservation of sperm.

EXAMPLES

The following examples describe use of the media and methods of the present

invention. They are not intended to be limiting in any way.
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C57BL/6 sperm are used typically range from 0% to less than 10% (Glenister and
Thornton, 2000). Nagakata reports a fertilization rate of 26 % (Nakagata and Takeshima,
1993). Applying very complex procedures like the two-step method to select for higher
quality sperm at thawing by Batﬁ et al 2003 improve the fertilization rates, but are not
adequate for efficient banking (iricluding recovery) of large numbers of C57BL/6 strains
via cryopreserved sperm.

The Jackson Laboratory has been working on developing a viable, economical
approach to archive inbred and especially C57BL/6 strains. Described herein is a
modified cryoprotective media (CPMj that provides an economical approach to this

problem.

Table 2: Comparison of cryopréservation approaches: characterization and fertilization
capacity of C57BL/6J sperm.

EOSCIIE

Tradiional  16.1% 0.06 22.5£0.08 7,030,350
method
CPM 16.620.13 3645007 19,240,265
method

CByB6F1 females were used for oocyte donation; Comparisons of percents were
made using an arcsine transformation; percents within a column having unique
superscript (a and b) are different with Tukey-Kramer HSD (p<0.05); (see Table 2).
Table 2 shows that no measurable differences were noted in mouse sperm viability or in
the percentage of live spermatozoa having intact acrosomes, but that there is a
significant difference in the mouse sperm fertilization rate (% 2-cell) with.19 % using the
CPM versus 7 % using the traditional method.

Applicants have shown that fertilization rates are greatly and consistently
improved when the media and methods described herein are carried out. The
epididymides and vas deferentia are extracted from the C57BL/6J male and placed into
the cryoprotective media described herein. They are extracted and placed into an
incubated 1 mL collection drop of CryoProtective Medium (CPM), which comprises, for
example, raffinose [18%w/v], skim milk [3% w/v] and monothioglycerol (MTG) at

concentrations from 159 pM to 636 M. Incisions are made in the tissues, allowing the
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Table 3: Fertilization Rate using C57BL/6J Mice and either CPM or traditional method

. Fertilization Rate | 2-cell embryos transferred live born
CPM 68.4 % 225 80
Traditional method 6.5 % 45 7

The following day the 2-cell embryos can be transferred to pseudopregnant

recipients or cryopreserved for later use.
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Previous methodologies have provided fertilization rates of lower than 10%
(Songsasen and Leibo, 1997; Szczygiel et al.,, 2002; Sztein et al., 2001; Thornton et al.,
1999) when using cryopreserved C57BL6/J sperm in standard IVF procedure without
any manipulation of the oocyte and without preselection of the sperm, not using
intracytoplasmic sperm injection (ICSI). There is only one report which claims to have
achieved 26% fertilization rate for C57BL6/J (Nakagata and Takeshima, 1993).
Employing the approach described herein, which includes the use of free radical
scavenger, fertilization rates of greater than 75% have been obtained. These methods
have also greatly and consistently improved the fertilization rates observed for other
mouse strains as well. For example, using previous methods it was not uncommon to
find fertiliiation rates for BALB/cJ, FVB/NJ, and 129P3/J to be less than 10%, 30% and
5% respectively. .

Mice referred fo herein as 129P3/J were referred to in the priority applications as
129P/J mice. This is only a change in nomenclature. The method described herein has
resulted in observed fertilization rates of 58%, 98 % and 48%, respectively. See Tables
4A and 4B.

Table 4A: Assessment of fertility rates in different mouse strains

Strain
Treatment | 120X1/Svd’ 12881/SvimJ BALB/cByJ BA! B/cd C3R/Hed FVBINJ C57BL/BJ )
Mean Fertilization Rate
CPM+MTG 51.2% 18.5 % 69.1 % 58.4 % 99.0 % 98.6 % 68.4 %
{81/158) (80/425) (231177) (153/290) (301/307) {203/209) (326/488)
Traditional | 21.7% 0.0%: 7.0 % 10.3 % 55.3% 274 % 65%
method (93/428) - {0/36) (39/521) (144/1299) ~ {150/327) {203/607) {227/1581)

Table 4B: Assessment of fertility rates in different mouse strains

Mouse Strain Traditional
CPM (+MTG) method
129P3/J 48.20% 12 % (Songsasen
and Leibo, 1997)
Al . 92.67% no data
CAST/EJ 2.38% 0%
DBA/2J 87.85% 45 %
FVB/NJ 98.6 % 274 %
NOD/L 75.21% no data .
SJLid 46.56% no data

Example 2: Cryopreservation of Mouse Sperm with CPM Containing GSH
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Applicants have shown that fertilization rates are greatly and consistently
improved when the media and methods described herein are carried out. The
epididymides and vas deferentia are extracted from the C57BL/6J male and placed into
the cryoprotective media described herein. They are extracted and placed into an
incubated 1 mL collection drop of CryoProtective Medium (CPM), composed of
raffinose [18%w/v], skim milk [3% w/v] and reduced glutathione [GSH; 500 uM to 50
mM]). Incisions are made in the tissues, allowing the sperm to swim out into the CPM;
this is allowed for at least 5 but for less than 20 min. The residual tissues are then
removed from the collection drop. Ten micro liters of the sperm sample are loaded into
as many as one hundred 250pL French straws (IMV; Maple Grove, MN). Two hundred
and fifty microliter straws, containing a 5.5 cm column of CPM, a 2.5 ¢m column of air,
a 0.6 cm column of sperm sample followed by a column of air, are sealed with an
instantaneous heat sealer. This essentially cools the sperm at 37°C/min. After being
stored in liquid nitrogen, 3 samples from each treatment are thawed in a 37°C water bath
for 30 sec, and then each 10pL aliquot is placed directly into its own 500uL in vitro
fertilization (IVF) drop of Cooks Mouse Vitro Fert (Cook Australia; Queensland,
Australia). After an hour of incubation, 4 cumulus intact oocyte clutches from
superovulated C57BL/6J females are added to the ir vitro fertilization drops. (Nakagata,
2000a; Nakagata, 2000b).

The sperm and oocytes are co-incubated for 4 hrs before the presumptive zygotes
are removed from the IVF drop and placed in a culture drop for overnight incubation.

Approximately 18 hours later, the fertilization rate is determined (#2-cell
embryos/#At'otal oocytes). For statistical analysis, percents are arcsine transformed and
the averages of the 3 IVF drops per treatment are compared to the control of no GSH
using Dunnett’s methods. Results are presented in Figure 2. A significant difference
from the control is illustrated with an asterisk. For presentation, means and standard
errors are converted back into percents.

Testing different concentrations of GSH reveals that the concentrations from 500
KM to 5 mM increase the fertilization rates compared to CPM without a reducing agent.
Use of 500 uM GSH shows an enhanceménf in fertilization rates similar to those
obtained with 477 uM MTG under similar conditions.

Example 3: Fertilization Rates with Cryopreserved Sperm from Various Mouse Strains

Differ in Response to Cryopreservation with MTG.
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Ten pL aliquots of sperm from a variety of mouse strains are frozen in the

. absence (CPM-MTG) or presence of nionothioglycerol (CPM). A total of at least 6

sperm samples per treatment within a strain are utilized. These represented at least 3
samples from each of at least 2 sets of 2 males whose sperm are pooled at the time of
collection and then splif into the two treatments. Subsequent to thawing the samples are
placed directly into their own 500uL in vitro fertilization (IVF) drop of Cooks Mouse
Vitro Fert (Cook Australia; Queensland, Australia; (Quinn et al., 1995)). After an hour
incubation, 4 cumulus intact cocyte clutches from isogenic strains are added to the
incubation medium. Following a 4 hr co-incubation, the presumptive zygotes are
washed and cultured overnight. Appfoximately 18 hours later, the fertilization rate is

determined (#2-cell embryos/# total oocytes). See Table 5.

Table 5: Fertilization Rates Determined in the presence (CPM) and absence of MTG
(CPM-MTG)

 Strain . e
Treatment 129S1/Svimd BALB/cJ  C57BL/6J
‘ Fertilization Rate
CPM - MTG 31.1% 46.2 % 49.0 %
CPM 481 % 58.4 % 68.4 %

Example 4: Assessment of Reduction of Reactive Oxygen Species (ROS) by MTG

Description of free radical scavenger by dyé/sperm method

Sperm cryopreserved in the presence and absence of the free radical scavenger,
the reducing agent monothioglycerol (MTG), are loaded with the green fluorescent dye
CM-H2DCFDA to measure intracellular reactive oxygen species. The sperm are
challenged with varying levels of Tert-Butylhydrogen peroxide to induce oxidative
damage and green fluorescence is measured using flow cytometry. As shown in Figure
3, MTG reduces the ROS in cryopreserved sperm from both C57BL/6J (B6) and
BALB/cByJ (BALB/cBy) mice.

Example 5: Cryopreservation and recovery of sperm from genetically modified mouse
strains

The same approaches have been carried out on sperm obtained from C57BL/6J
males having genetic modifications and variable genetic contributions from the129

strain, as well as other strains, such as FVB/N. .
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Ten pL aliquots of sperm from a number of genetically modified mouse strains
are frozen in the CPM with 477 uM monothioglycerol as the free radical scavenger
(CPM) according to the method as described in Example 1. For a transgenic mouse
carrying a YAC expression construct, sperm from the strain Tg(YAC72)2511Hay on the
FVB/NJ background was collected. For mice carrying modifications due to gene
targeting (knockout) sperm from the mouse strains PLAU knockout, glycogen synthase
kinase 3B knockout and solute carrier family 22 organic/anion cation transporter member
12 knockout was collected. The strain background means here a contribution of 50% or
more of this strain to the genetic background of the mouse strain. The fertilization rate
was determined (#2-cell embryos/# total oocytes) and the average percentage was

calculated. The values within the parentheses illustrate the total # of two cells / the total

. number of oocytes across IVFs. As shown in Table 6, high fertilization rates have been

obtained in all cases. This demonstrates that cryobanking male mouse germplasm for

strain reconstitution is a viable option.

Table 6: Fertilization capacity of sperm from genetically modified mice.

JR Reference % 2-Cell Stage
No.# Strain Background Genetic Modification (# 2-cell / # oocytes)
3640 FVB/NJ Tg(YACT72)2511Hay transgene 81 (105/130)
3238 BALB/cJ C2ta (class Il transactivator) knockout 76 (112/148)
2329 FVB/NJ PLAU (plasminogen activator, 86 (15/176)

urokinase) knockout
5817 C&7BL/6J Glycogen synthase kinase 3§ 65
knockout {721111)
5839 C57BL/BJ Solute carrier family 22 organic/ anion 68
cation fransporter member 12 (53/78)
knockout

Example 6: Determination of Sperm Concentration and Motility

To determine the concentration, motility, and progressive motility of "freshly-collected”
sperm, the sperm is typically diluted 1:20 in either phosphate buffered saline or Cooks
mouse vitro fert (Cook Australia; Queensland, Australia; (Quinn et al., 1995)). Toh assess
thawed sperm, sperm is incubated in IVF medium for an hour, at a dilution of 1:50 in the
IVF drop. It is then loaded into a Hamilton Thorn IVOS computerized semen analyzer

(Hamilton Thorn, Beverly, MA). For measurement, the calibration parameters are set as

follows:

Apply Sort: 2
Frames acquired: 30
Frame rate: 60 Hz
Minimum contrast: 30
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Minimum Cell Size: 4 pixels
Minimum Static Contrast; 15
Straightness (STR), Threshold:  50%
Low VAP Cutoff: 10.0 pm/s
Medium VAP Cutoff; 50.0 um/s
Low VSL Cutoff: 0.0 um/s
Head Size, Non-Motile: 13 pixels
Head Intensity, Non-Motile: 75
Static Head Size:  0.57 to 2.91
Static Head Intensity: 0.14 to 1.84
Static Elongation: Oto 87
Slow Cells Motile; YES
Magnification: 0.82
Video Source: Camera
Video Frequency: 60
Bright Field; No
Brightness for LED: 2663
Brightness for ldent: 3000
Temperature, Set: 37°C
Cell Type: User
Cell Depth Setup: 100.0pm
Field Selection Mode: SELECT
Indent Active: NO
Ident Mode: B
Integrating Time: 1 Frames
Optics
Video Gain: Medium
Video Brightness: 2300
Video Contrast: 40
Video Synclevel: ~ FW Sync_Level_100
Video Vertical Sync: 75
Sort#2
Points in Track: 16 to 100
Track Speed (VCL: 146.0 to 1000.0
Linearity (LIN): 0.0TO 20.0

Example 7: Assessment of Sperm Fertilization Capability After Cryopreservation

To ensure that the enhancement in C57BL/6J sperm fertilization capability post
cryopreservation is not jpst to the development of two cell embryos, Applicants also
transferred embryos to pseudopregnant recipients. Of the 225 embryos transferred, from
a total of 3 pools of 3 males, 80 developed to term (35.6%). This is approximately a
three to five fold enhancement over previous data obtained in Applicants’ and many

other IVF labs with cryopreserved C57BL/6 sperm (Figure 4).
Example 8: Cryopreservation of sperm from genetically modified mice with CPM
containing MTG and recovery to live born

Ten pL aliquots of sperm from a variety of mouse strains as listed in Table 7 are
frozen in the CPM with 477 nM monothioglycerol as ROS (CPM). A total of at least 6

sperm samples per treatment within a strain are utilized. These represented at least 3
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samples from each of at least 2 sets of 2 males whose sperm are pooled at the time of
collection and then split into the two treatments. Subsequent to thawing the samples are
placed directly into their own S00uL in vitro fertilization (IVF) drop of Cooks Mouse
Vitro Fert (Cook Australia; Queensland, Australia; (Quinn et al., 1995)). After an hour
incubation, 4 cumulus intact oocyte clutches from isogenic strains were added to the
incubation medium. Following a 4 hr co-incubation, the presumptive zygotes were
washed and cultured ov.emight. Approximately 18 hours later, the fertilization rate was
determined (% 2 cell: #2-cell embryos/# total oocytes, see Table 7). The average
percentage was determined. For each line, about 30 2-cell embryos were implanted into

receptive females. After approximate 21 days the number of live born mice was

.determined, shown as % Live born in Table 7.

In summary, the procedures described herein, in which cryoprotective media as
described above was used, give good and éonsistent results for genetically modified
mouse sperm, comparable to the parental inbred strains. With the parental strains the
following fertilization rates have been obtained: 129S1/SvimJ 18 %; C57BL/6J 68 %;
Balb/c] 58 %, for BALB/cByJ 69 %, and FVB/NJ 98 %.

Table 7:
#2 cell % 2 Cell % Live

Sperm Donor Oocyte Donor # Oocytes Embryos Embryos born
C57BLIB-Tg(Csf1r-EGFP-

NGFR/IFKBP1A/TNFRSF6)2Bck/J C57BL/6J 219 §9 26.94 43.3
B6(Ca)-Ncf1<m1J>/J C57BL/6) 218 84 38.53 433
B6.Cg-Mapt<tm1(EGFP)KIf> Tg(MAPT)8cPdavl)  C57BL/GJ 224 54 24.11 30
B6.1298-Shh<tm2(cre/ESR1)Cjt>/) C57BLG) 182 142 78.02 26.7
B6;C3H-Tg(Scgb1a1-Scnn1b)6608Bouc/J B6C3FeF1 209 180 86.12 66.7
CByJ.A-Ttc7<fsn>/J BALB/cByJ 221 176 79.64 46.7
B6.12982(C)-Staté<tm1Gru>/J C57BLI6S 223 223 100 433
C3.B6-Tg(Fabp1-Cend1)4Rdb/J C3H/MHeJ 138 107 77.54 26.7
B6.12981-Csf2rb1<tm1Cgb>/J C578L/64J 253 37 14.62 357
B6.HRS(BKS)-Cpe<fat>/J C578L/64 237 116 48.95 13.3
B6.D2N-Ahr<d>/J C57BL/8J 143 67 46.85 40
BB.Cg-F2i1<tm1Mslb>/J C578L/6) 186 95 51.08 50
BB6.129P2-P2rx7<tm1Gab>/J C57BLJ6J 242 79 32,64 50
FVB-Tg(Sod1-G8BR)M1JwglJ FVB/NJ 134 40 29.85 48
C.Cg-Fva<r>/HmJ BALB/cJ 138 21 16,22 28.6
C.Cg-Gatal<tm&Sho>/J BALB/c. 70 ’ 61 87.14 20
STOCK Dicer1<tm1Bdh>/J C57BL/6J 217 128 58.99 46.7
B6.Cg-Gusb<mps>/BrkJ C57BLGY 289 60 20.76 33.3
B6.12954-Cxcl10<tm1Adi>/J C57BL/6Y 257 64 24,90 50
B6.Cg-Msrt<tm1Csk>/J C57BLB) 161 . 35 21.74 533
B6;12957-Ephbd<tmiAnd>/J C578L/6J 285 100 35.09 36.7
B6.Cg-Tg(F2RL1)IMslb/} C57BL/GS 235 113 48.09 333
B6.12952-Thbs1<tmiHyn>/J CS7BL/GJ 204 62 30.39 56.7
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B6.Cg-Tg(PDGFB-APPSwind)20Lms/2J C57BLB 232 55 23.71
B6.C3-Gusb<mps-2J>/BrkJ C57BLI6) 188 57 30.32
B6.C-H2<bm1>/ByBir-Gusb<mps>/SopJ B6.C-H2<bmi>Bys 94 22 23.40
BB.Cg-Tg(ACTB-EGFP)10sb/LeySop) C57BLI6J 299 116 38.80
B6.129S6-Ppt1tm1HoflJ C57BLBJ 227 121 53.30
C3H/HeOuJ-Gusb<mps-2J>/Brk/ C3H/HeOuJ 211 134 63.51
C57BLIBJ-Kit<W-41J>/Sop C57BL/6 304 109 35.86
129-GI{ROSA)26Sor<tmiLuo>/J 129/SvimJ 281 85 30.25
CBy.Cg-Gpi1<a-m1Ehs>/BrkJ BALB/cJ 141 25 17.73
B6.Cg-Gpi1<a-m1Ehs>/Brkl C57BU6J 195 49 25.13

Example 9: Cryopreservation of Rat Sperm

The epididymides and vas deferentia were collected from one 33 week old
LEW/SsNHsd rat (Harlan, Indianapolis, Indiana). Incisions were made in the tissue and
the sperm were allowed to swim out, into 2 mL of a solution containing 8% lactose [w/v]
(Sigma Aldrich; St. Louis, MO) and 23% egg yolk [v/v] from fresh eggs in distilled
water (Invitrogen; Carlsbad, California) for 10 min. The sperm suspension was then split
with half being placed into the lactose/egg yolk solution and the other half being
suspended in lactose/egg yolk solution containing 954 micromol MTG in 15 mL conical
tubes. This resulted in a final MTG concentration of 477 uM. The 15 mL conical tubes
containing the sperm seimples were placed into a beaker containing ~150 mL of 15°C
water for 10 min. After the initial cooling period, the beaker containing the water and
conical tubes was transferred to a 4°C refrigerator where the samples were cooled for an
hbur and 15 min. After cooling to 4°C, the sperm was diluted into six different media
compositions as described in Table 8. The CPM for rat sperm had the following
coml‘aosition: cryoprotectant was lactose alone or lactose and glycerol or propylene
glycol; the membrane protectant was fresh chicken egg yolk and MTG as the free radical
scavenger.

The sperm were loaded into 250 pL French straws (IMV; Maple Grove, MN;
cat# AAA201), which were then sealed with an instantaneous heat sealer (model AIE-
305HD; American International Electric; Whittier, CA) and 5 of them loaded into
cassettes (Zanders Medical Supplies; Vero Beach, FL). The cassettes were placed onto a
raft situated within a styrofoam box containing liquid nitrogen and the samples were
exposed to LN, vapor for at least 10 min before being plunged into the liquid phase. The
apparati employed essentially allowed the sperm to be cooled at 37°C/min from a
temperature of -10°C to a temperature of -60°C. Sperm samples were stored in liquid

nitrogen forat least 20 hours. The samples were thawed in a 37°C water bath and pushed
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Medidhe CPM for rat sperm had the follow ng 15

conmposition: cryoprotectant was | actose aI one or

| actlose and gl ycetrM composifmnopyl ene gl yc @eesgﬁgﬁane
protiect ant was fresh chi cken egg. yol k and aidl thanifg t hie

freg Tadicar _scay permwere toaded

i nt g GBEicafr ene g&ﬁ%v\s (IP cavﬁgﬁ? Brove, IWN; CZ}V#
AAAZ e—ther—seal us
heat &/ﬁa:ltoeef ( mod gk3%Adglyolk20 3(514D, Anerli can +
| nt grnational—El-pctric—Waittier — CAyand 5 of them

| oadegd; ihdtk® Casspbilsg (kanden syNbsireal |Suppl ises; Vero
Beadh, FL). E(L‘assgties wenne placed agnto a raft
si t UatUelabtond, DAMN B, ﬁkoam pox cont ai ning Iiguid
ni t ricyesid'and t hels ;I% go rli exposed t/o LN2+vapor f or

at | |emsibctodd) 0om be ing pl | ntlo the |iquid
phaselycdfie appar f %ﬁq;e@%ﬁﬁoyed é‘@@ﬁﬁ% lly al I'6Wed t hie
sper|ngo g€ 06ROl £d at 37T mn Troma Z3 Tenperature| of
-10@Q ;ir@y@eb%per aflteowtk -60C. Sperm sdnpl es Yere
st or eé;;o AN mtrTogen T at—teast[20hours—Tt

sa @ylg}ggg a(vé"ﬁ’ o dgpyak 37C \AﬁthﬁatH and *ptﬂshed

out + s Lot o~ o DL v 1N naarld Dh al

petri dish (Fisher Scientific, USA) The sperm were
Examtil¢ 19 £ryosesdrvatosodB atosSparitt r o Per t ( Cook' s;

Spencer, IN) and notility was eval uated by counting at

| eSesmerswal ¢qliactast via jan jatti 1q¥li viagina fudnd éodiffierent Blolstein bulls over

3 dlfﬁg&xl_@a%sg ei;nta Bufls eGL OSEALE LR tﬂagﬁlre@ggaa\ge%géw Qifif good

_ ow ng val ues were
consigtenf fréﬂzyng qudlgy and threopradoee gpeoppahat respaifd towtrydpeeseetdtion

t hb h t est ed
i B PSLARIG ALETEs 1SS B ol i e
concéIidtion vErs ddteuﬁuiedoisngea, gxgﬂn)mat caHxndeg and spectraphotvit@try. From

cach RiocPPry SATERH DT slai et omervare roipere of 1.5 Bt oF

Trlladiylfefgg ryehiit extendar . (Mikivhiso Viepsial W) cbbthirhhé glycesmb.Mibtequently, 2
mL o?' the sram-lc-e &Vtmexpd%r coXtamE)rrlgo xtlg Mla&t 20'\6? TBB&%%ogro?tl%C&o%nﬂM MTG was
added to the extended semen to yield the final concentrations for MTG of 0, 100, 500,

1000 or 5000 uM. After extension, the semen was transferred to a cold room and cooled
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Free radical scavenger 8% actose 23% egg yol k 8%

| act ose 23% eqgg yol k 477 pM MIG + 8% | actose, 0.9 M
w@boocrsals 23% egg yol k ++ 8%l actose, 0.9 M gbgIESIH7/013884

23% egg yol k 477 pM MIG 8% | act ose, 0.9 M propyl ene

gl ycol 23%egg yolk O 8%/l actose, 0.9 M propyl ene

gl ycol 23% egg yolk 477 pM MIG +++

to 4°C over ~ 1.5 hours. Extender containing the appropriate 1x concentration of MTG
was supplied to each aliquot bringing the final sperm concentration to 80X 10%mL. This
extended plus semen was loaded into 1/4CC French Straws using automated fillers
(MRS4; IMV technologies, Maple Grove, MN) and stored at 4°C for 3 hrs. Following
the equilibration time period, the straws were frozen in a controlled rate freezer as
follows: 4°C/min to -12°C; 40°C/min to -100°C; 20°C/min to -140°C. The samples were
transferred to goblets and stored in liquid nitrogen until examination.

. For the examination, 6 straws per treatment per collection were thawed in a 37°C
water bath for at least 60 sec. For each treatment within a collection, two pools of semen
were created and analyzed by combining the contents of three straws. For motility, the
sperm samples were diluted 1:3 in phosphate buffered saline (PBS) and stained with 100 .
pg/mL of the fluorescent DNA stain Hoechst 33342 before they were examined using the
Hamilton Thorne Integrated Visual Optics System (IVOS). The percent of motile sperm
was determined on 4 different fields within each of 2 separate chambers. For viability
the sperm samples were diluted 1:100 in PBS and stained with SYBR 14 (00 nM) and
propidium iodide (12 puM About 10,000 cells were counted using the Partec Flomax
Flow Cytometer (Ft. Collins, CO).

Results:

Motility. No differences were detected in motility among the treatments. This
non-discrepancy was maintained even after 3hr of incubation. Similarly, when bulls
were grouped based on their sperm freezability characteristics, no differences at 0 or 3
hrs were detected. These results show that the CPM consisting of glycerol, egg yolk and
MTG at various concentrations has no il effects on the overall post-thaw motility of bull
sperm.

Viability. As shown in Figure 5C, the overall viability was not negatively
influenced by the CPM consisting of glycerol, egg yolk and MTG at various
concentrations. When individual bulls were analyzed individually (FIGURE 5C)
positive effects appear evident.

Addition of MTG to the cryopreservative media results in increase of viability

with a slight effect for the 3 bulls and about an 8 % increase for the other 3 bulls.

Example 11: Human Semen Cryopreservation
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10 Exanpl e 10: Cryopreservation of Bovine Sperm

Senen was collected via an artificial vagina from®6
walkdoffesam Hol stein bulls over 3 different dayeCcT/Ukmo7/013884

bul | s were selected such that three produce spermwth

good consistent freezing quality and three produce

spermthat respond to cryopreservation with poorer

consi stency. Antibiotics were added to the neat senen

and initial volunme and 15 concentration were

determ ned using a graduated cylinder and

S (St m:pﬁhmwm sycollectodhiveae haahoddl heelthy morBall if¢rtide males. Fertile

men a§$ g:#‘m% % ﬁd v%‘l?alss aief el% gﬁg é}\?ﬁ{ ﬁ%ﬁ%ﬂ%ﬁ ereggd Qz 8\/§1W1th1n

the pas0 6 tnadntha g?ugtlhynﬁmwl the Sainp by wen t dnsideZechhorndal nﬁrheg armt the

S S S PR B 39 Bl R

samplel 18 @bl1EAOE efér Ahisint 6f 4MTShotirsbf sl aﬁﬁﬁlenwb&mﬁ longer
or 5000 WM After extension, the senen was _transferred
than seyen da¥s. & he SemeR iPRIBHPE Y Masturbatippeand ejacudated ipte a sterile,

mdeﬁaﬁlﬁmaﬁﬁlaamceﬁaha%&msee% &%agt Rsted. TRNGHM & in8Ructed
MIG was supplied to each aliquot bringing the final

that °§f?e‘?‘ﬁ$t&?ﬁé'é‘?ﬂ odnrlyde ths @ixa gBcinen ipHths cerlpicae ipgngeceipt of
the ejaSITRR Hiade 1ARFRErY, Bhéh %nf&@aﬁ{p?@ %@n%r@@ﬂ@a Héh@rganalyms

automated fillers (MRS4; | W technol ogi es,
logbagke \Ade Wnémpleﬁléraéﬂglmd A@IpeutDetpeesssiop| qoe\wnnglbsr,wehlch is

I
ecor Sl BB A1t BRIV AL v
is identiGiedrby theaccesda@ cripomimben througharohe freezingipysicedurgpald tubes,
X | it .
Shde% Fc]?cln ?.Iegl)%gx?ng% g\?thgtﬁg fifntbed! n%ﬁ%?{lﬁgarﬁeﬂa mﬁé’{zéjs %ﬂ’e cg'?g&%tecnve
medis {s Gewhlppreparedal VBntIrvyiees Sciehtifc tcab # AEL8: Iﬂ%\mgg yiotk afrom

7C t h f l t .60 t t L
s SLESEER) ol P Bl L3 d b s o
30 mitiuest e2%avd Glpadryl @0 [pymT aBditiritgn Shkfatepﬂid%’l’ﬁ uNM MTG or

ree_straws sper sarrpl es were
TYB &F‘?r{?t rfoetr%%gﬁdg%m&%m @E‘f% & ne (PBS) and
StUBhd@she dabplOf} géaﬂgrimlstéd Wi the aegw @?éﬁar%yﬁ&ﬁité’buve

Hoechst 3334 efore t wer e exam ned usin
mediggig f tlotion 6?418 ek dPHt"é‘Eﬁ ofi ke, aarmeﬁ{qrwrevgiaehmlxwre is

transfeké@hto chBR o Bedthdle®brydPial (Bl BRIMNGAS). ABLENL MR 28 placed
4 different fields within_ each of 2 sep arate chanbers.

into argetal ragkianiddy suspendrdl igghe BN aapeeof s &owee fankdfor 12 guinutes.
After 17 B%t@dq thesd ﬂgﬂ ard Bﬁc&Yﬁlﬁo]tﬂe (BN ni AR RGARL A AR, and

i odide (12 u About 10, 000 cells were counted using

the canjeds P@ﬁeﬁéé 1pp, ébﬁil)@bﬂleéwf@@b@%ébwd geeve @l plunged DY) 2 canister
in th&&%gk% ml%elgér% reDvai £Jn%ne\9ﬁpﬁe Yol 3 fAELEf E{quq tdlirs in the

| ty a e treatnents non- di Scr epancy
lquIdr\asrqgann&&a;ngé@vrebwdl hc t}@we@ihy Pacing thebayevial into a beaker

P-4 n b based .on t .
contanid pgk 1% Ir(%vélz %iaietr nctgxe s%rgp% is gep t@h%‘é’? d using a
steril® pipett3. Mhe seMerR lﬂiﬁ‘t’d@}%& (fc)r fﬁbq:ﬂﬁldg@s(ﬁl & sacsdromd) habtilitye

CPM con n erol, e ol k an
ProB R P Ao DiYe B P GRISNHARN SR Hakn o Fae gpa hes hamster
oocy&V;Eihairbtlc&D&Et- driiB¥chtdtbirddychhe BAPakitSRET 4Bsay? 83 Bbpdrfdhed to
{i\ovvn n Fi ure 5C, the overall viability was not

deterﬁ’é’éea \%ﬂabty‘hfft BEFREY by the CPNI consisting of

gl ycerol, egg yolk and MIG at various concentrati ons.
ExanM¥ien2i m&:palramal andBtbmgeRr €rospabiezece Mediavi dual |y

(FI GURE 5C) positive effects appear evident.

AddppioaimablyMIGnLoitvel & disfllabeatéallnvRroged) @t HaeSEB0L38)
of .vi abil BOV\nthasIlghte ect f

i.n inc

was Rl 3R epEecing heaBon 0 ol 1Rl Saver S oh PRIt o was
bul | s. Exanple 11: Human Senen Cryopreservation
One senen sanple is collect®¥d fromeach of healthy,
normal, fertile males. Fertile nmen are defined as
|nd| VI duaI s aged 19 - 30 vvho have naturaIIy fat hered a

o, ~ .
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15 USDA certified SPF (Virus Free) laying flocks, heat
i nactivated at 56 degree Celsius for 30 mnutes; 12%
woson7/@kepeer ol ; 10 pg/ mL Gentamicin Sul fate) aneCHUS20p7/043884

MIG or TYB al one. For control TYB nmedia wi thout MIGis
used. The senen sanple is gently mxed with the
freshly prepared cryoprotective nedia at a 1:1 ration
and 0.25 nL vol unes of the sanpl e/ cryoprotectant
m xture is 20 transferred into each of the |abeled
cryovial (I m from Nunc). The cryovials are placed

taken nnt © toilvdthel beakakwarladed Gusetabstin pateled IRE of sgffinese

_(Sigm%%gét%i%?sgsaatr ngl }ée S }1:%1 »O%Jﬁtj}?eal‘tecﬁ sgm:rl' glhurﬂt{l] 1tacqeared

Subseahentiy) 3 ofakim natid(BID é)mgmetws chivé EBIH}!)) iwHsadtibdand the
.l abel'ed, chil.l] ed cardhpard ev ed int
sotutip as Sfired ot §° kG TR A Snder SeEER] s H0EROn 4 Brfsperrea
to a vélulethi€ ﬂa&lomiiblfo?ghab l:Oe&ﬁ% l\nﬁt}hﬁéﬂiﬁ: diglllbddavi%r {Ihqilﬂﬂo%en cat #
0 e vial .w a ) acl nq the
1523230 Amin, mbe sl s muti welh For ASee il Fa e BIL smifuge
tubes. 1o Blafigy %somm §thRasSRAR Mg BatdBb 00/ X P fb@dsuﬁinnﬂasa.t room
sterile ette. The senen |s anal yzed tor _norpho

tempe(f@tﬂfg(22a§9 aadthen filtrsed threygh 5,9 g4 nun §P]@H°5%ﬁ’é@r | msyresulted in
an 1 SWfﬁM%% RREA ndliedotuddd l?z[wﬁé@%ﬂﬂoan—ch&nm% 'iOsm. One

hamster oocyte penetration test or

third efthis st eiomawpe Funpersenied Witht47d mMgg@@otb@gleré EMIEF nHema
cat # 1%9 Ql?ci ﬁ%%lpgt -gbeb al Et P erfcl RevESE {"Eez%ég{g%sill%?NC). The

epa ation and Storage of Cryoprotective I'a
other tyyp tioxdsmeers! fyoR0 at rﬂ_0°61fwtnmqt lasy sxippiemlehtatiowat er

%{t§ g'ggl%‘ ofcs% g g‘ts %ﬁgc %ﬁg }aﬁggéseos li( ﬁmggé'" w%rc thawed
eate 28588 na hi er onav hﬁ

in a 3CXC avaterdath akteknmmmret rebipithte vﬁs&)ﬂseaded |(~vl/hs) Whacﬁesi on

eryorbergSR < el chBhRl B 02 SR, IR R, YA FF b fooen

for 8 uetkd (HROZEN&MQM}) %@mne oistoprotd¢tivaf mediarconsikied CBD8%

raffingRE L 37 S K FOPRLE BN Re PR TR LA Bt sperm

colle@RnULIt A7 WM ifiesh M BG I(EHESHtMTG)V The dEtd t@oﬁio@édﬁva mgkdia
to 100 rnL wth sterile d

wat
consighpa o | B s@fincss ) 3k g mal gl e be g B PO e
week§(Nodhweh)l and divided into two 50 L centrifuge
tubes. To clarify the solution, it was centrifuged at
1£1ghige C§ 7Bd/6hmales weresacaificed and theiies defireny amlo)
epidlwldkg erd bbafie@%nk Q?&Hgafa?lsgla%&i é’%ﬂgr@@iolub'lly%gcrﬁﬁédt Bée

his resulted in an % raffinose/ 3% skimm |
Examplg Lt Nsne Hifferaef 210wpsh af tvosmelcsrerely, wire #53tefand cachgraup was
assighdd fothaQt thdit §pe§ﬁ’1| dileORd \1&@3 ontBP Itlﬁ'@@ ﬁffféiielw eroopl}'gt%cﬁvé Media.
nonot hi ogl ycerol (MI'G Sigma cat rozen
This gpsultgbig 3 groams pf mates SeiigesollReted 60F¢a@éimah(l¢x§h8vmﬂ gliguots, of
izl
10 1o, $36 RlE iR A Frolh Sk b ORIV EMAT OIS I cart
AAAaﬂl)» Jbcse whee theh f¢ababwith lah mstartimepak heamdeWMQIWMSHD;

3 S, £8 T3 JEPRTAR

(ZancbammMeslﬁcEaﬂ SopplidYvicad Beahs EL) 3Phesdaissaties Mere ﬁIEEedJMlﬂdIFﬁaﬁ

FRQZEN MTG

situaigh) 3 p SAryiC SR B KoM BTOGTE R TS APANPY PSRRI o206
exposEldi tmm‘:ciﬂ %pbfﬁﬁ@ﬁléa@fl@nﬂ@B&ﬁrhéJEélﬁg ﬁmgef H&hﬁel’ﬂheﬁqlﬁﬂ ;igb@ This

ti,me of sperm co with 477 uM fres FRESH
allowgtt ghe spep tPrherca’OE%é{?% bithe eGP EBRE ST TP 21506
tempérafuré 89 S@O°an Thd ¥pérki sanplekwekd tbrel afl hE Mifro@atforat

80C for 20 weeks (NO MrG . i ght een

apprc?%‘?ﬁl?% I‘W‘éﬁ‘%s were sacrificed and their vas deferens

and epi di dym des were obtai ned and spermwas i sol ated

as previously described (se# Exanple 1). N ne

di fferent groups, of two nales each, were created and
each group was aSSI gned to have the| r sperm coI I ect ed

. s s Y e rr e .4 ~ -
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Figure 6 dearly denonstrates that storing the

cryoprotective nedia wwth MG for 2 nonths at -80C
w@enof7asazss equal |y conpared to cryoprotective neci/gs2e01/613884

freshly added MIG The col um FROZEN MIG shows t he

fertilization rate when C57BL/6J sper m was

cryopreserved with the conplete nedia being stored at

-80C. The colum 15 FRESH MIG shows the fertilization

rate when s C57BL/6J perm was cryopreserved with nedi a

bei ng stored at -80C, but MIG being freshly added. The

c AoudeteNOnd/iiGtetagosf thearyaroieciivamedia at aB@°CGhhlgared the act1v1ty

o BT BB EPRTRAR Yy S PRI s

previtady éee fxampilanl tdiso merpnbhcatmms by dNdkagatd e2@00ap Nagagata, 2000b,
.2-c| the tr re determ ned usi
szteify o, Q00T M dff AT BB e SpHa FhEhERrsBat from
CS7HI€6.Dﬁlilie$ waislingabamad tapetier fcﬁm Bislin E&ieﬁéht@f.v inRBAGRT ussm:
ey-. Kraner | MP; SAS Institute,

HSD (
A 4t bEppoiavariah ;tksq eIt 48RS AT Naghed Greuna two 150 L
drops (ﬁtIWﬁeéﬁ&QI\@VEnC&l@ &dgevcd mﬁ&rﬂmeﬁ BiRuR@ ovefi@Sht. -

presentation he aver age and standard devi ati ons

Approximagly ééﬁ#%iamret@mmp i o5 PegHites ierilized; wasalgndated by

leldBl%ttH@ ROmbbBEof ¥R -BRPLALRLS BRRRL LR SF FV%A%E!}L Mihathity appearing
ESH MIG can be observed.” 25 Exanp
presumydiye ioppegtliogryiss- a suitable free rad| cal scavenger A

suitabl e free radical scavenger (useful for
crEigpredsdearhy d@nomawéh?ﬁst@mg the cryppaetertieaimggia with MTG for

2 moht®s hi r@oerb%r&hngeasax dnliSard Pl &?&gﬂgt&ﬁ% y.&édkag%&@esmy

a to reduce Reactlve (03 Speci es
addeq UET%f it be FObwrsEEtﬂﬁEi’bMT G shows the(feitilizhfier rato when C57BL/6]

spemy Wag Qr}fo ésle ea%ltl‘x) (Jo?ﬂzp)lete deu]geiﬁ% lstl,?)%cﬁgtc §6°¢ nTY}'Q cgllalmn

a sult ree ra scavenger
FRESH M'EGSSbeWﬁﬁh@febEhm}}lon datatwihenedC 5 TBI)/64 lpdrr(x G\)as a;rynpreserved

i RRSRIRHY BT o O BT SRETBeh ibBNg o

show§ (He) feftilization sate avigbn(CY7HI06T kpmnneas cﬁyﬁpﬂé@erved withdnédih being

EY oA e A
develEpithéi amﬁll&unéﬁ@ﬂﬁafbabhéﬂti Wetedddt@ehified g ‘éﬁﬂyﬁ@ of variance on

b aabld Sl oL M IeIod g ottt ped Lo Caampl, 5

Kramfet H¥D @MPOS X8 I168itd@08 aryENC) &tatisti€A hnfly sl Tﬁ@sfe%@idé%th
ermcan be used in . this assa sperm

F
aitferghy Ieliae die MBIy GiftereR BT O0Y- Fog PessF arhg T (S BYerpppand

stand&l (dehviRibng off'ﬂfeepéré@r@s drethéwal N8 s%?ﬂifi@a'.n@ Blf?éi‘@ﬁ&' B'é'noger?’the two
%skimmlk (wWy; BDDa%‘ostlcs cat # 232100) and

media prppEations EBQLHN MEGHwd.: RERH M G630 pe oksevedt i on of

the collected spermwas diluted 1:1 in the same skim

Exaniplé K31 ade‘nluﬁesﬁmssf AibiBlaMied RdRAPIRAGEnddract i on was
t he Skl@é‘%&l k raffinose sol ution

d
Ilé)fﬂué ?11*88 r IF% SEBFIRRA 1o SHYQPERseEY AHORNRE SPgYAgn be
idented byaBstinpedneforBd A th\ullohEhg §&¥v1ﬁ’és @ EBbelbih Jtyﬁ@lre%ﬁlce

10 was used to col | ect &grman dilute’ in the skim
Reactiyq Qxygan PPrsdes RO (stigrt on spemmy rptilitand dakeffestpn in vitro

fertﬂr(%ht@(m_ﬂ(lﬂl‘g ripe Ehos@ %Stﬁfé@@ﬁlg\)lhl@ﬁ a?suﬂ%glg 'f{1 L 98RERIcEOnger for use

; Sigma Aldrich; e spermwas
with goyspIReEiy @lmﬁéd%éﬁﬁdr @éanql @)@t@mbsseﬂl/cam?%@lﬁr &ar bovine
roh, | (Bl () bFOSEREd 8lt. Ah h&R t
°pe %J @P Tecan act asﬁltgta%?%temérjg Tdcaﬁq‘ﬂ?(@%gﬁoluge and
(c) for hevigpkean hﬁswé'rled eahviaspegific kobddinaents, one o egh@eﬁb) or (c)
bovd S A @) Bowhl orornethyl-2', 7'
2 °"d{.”?ﬂ’§?%d. Flildr&%ﬁ%or egcel n diacetate (CM H2DCFDA
I nvitrogen C6827). This dye is a cell -perneant
i ndi cator for reactive oxyden species that is
nonfl uorescent until renmoval of the acetate groups by
| nt racel | ul ar est erases and OXI dat| on occurs wi t hi n
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cells. The sanples were | oaded onto either a FACScan
(BD Bi osci ences; Franklin Lakes, NJ) or FACSCal i bur
wq@ B07Bia3sci ences; Franklin Lakes, NJ) flow cytemBEUS1007/013884
and the green fluorescence was neasured on at about
5,000 viable sperm Figures 7A and 713 show that all
of the additives tested in this experinent reduced the
| evel of reactive 10 oxygen species within
cryopreserved nouse sperm cells. Fi gures 7A and
7B show results of the follow ng: C57BL/6 sperm
cBoo pKaBpleV@@ capahility torredensdtO8 rdn hb $estrskbyd dysispam method

o e B 5% SEEP L BYEIFE o REPLY 2805 i

Welch aad@dsnmet ffretihor gyepresédveid spanecin mtytfsed:m HROaFR t 0

ure intr cel I ar reactl € oxygen. speci e
For e RGP £8140F S HobC GG SEL ST RSP R ISP ol 7BL/6)
mice irt6 1 -thUtof b sbwﬁbﬁmemmldg 3t% skindlaiik @YivIBD DigabstRSScat #

d gr uore evvas d ing fl.ow
2321@&9&&?%%{*&70%@ CAPEBt: S (0 FAGSeRn oA spdlgfted sperm
was dﬁlheedpm e tHealancqftia intilk AFAASE JolhiionSShild1endiBdekaction 3

in the cryopreserved nguse sperm The y axi s shows

dllutefihlel pengthe im nik saldisneesdeiomsurmiepsygeb sith
monokhiBElyt&dl AATE ‘S@g’rﬁﬂ QQ8ribS cRf #3814 5§ S&Mtﬁeﬂ ée"t‘ 8% c@ﬁﬁﬂdﬁnaxes

X-aXi's shows t 20 Concentration of tert tyl
was usy@fcnfgsé}ess@mem and dilute jofthe Reine sk gafithose se:lapab veitho} mM

glutaﬁl?r?%%t 2 n 2 §n§tAth§h t&?#%ﬁg 9? &eflhp\ﬁ dl@ﬁ]othl@t% bﬁ'ﬁ’ glgma

permnotility an ert zation 1s
Aldrigi dap# 6HES&eThe spsrinl wes/crygprggerived as descpbed irf Esample 1 and

Storec?ﬁmrﬁcfxﬂhgﬂfécﬁ%ﬁlfo}ﬁl&%?gﬁ%%ﬁr of nouse, this assay is not

Sse and one can performonly the |IVF
as”&aglretelmnmh &f MASEH @SH o IBXET cdroact ot hdreegpdicalesavenggr, the sperm

e BRSBTS B 0L bl 7 0 QOG-

dichlmdﬂwdtx&luob&cdﬁnfﬂia&titb ECMAMHRID GRIBA hImvitr6genaPE &SR Thik dye is a

cell-p&glgs blgcgcz?tﬂlx %{np?f%]tlté/g gx% slé’leﬁ‘%ﬁ ﬁaa{t] bsnbnqj%ﬁ%gés:cnﬁ{l]teunti? removal
of theCaeead trfodips By intteNolak kittivles 418 BXgdaATonl 0hrs \ﬂﬁluhliH@ B8411. The

. Brie C57BL/6 diluted 1:50 in p
emisgpon ﬂéﬁx%rﬁaceea% cuLe E’iﬁa %tﬁi@ﬁ Bepghation ap g gesylt @d%ﬁ%@romdatwn

To lohdthebpeah, aQedst 95O LK di%alm welre thmed %ﬁ&mlﬁﬁad\/\ﬁ! € a sperm
i ncubat ed for_ an hour

incubafin SYHG SBHDSYHDEM S-SR 00BNl AP FRMGNACS . BmM KCT; 0.2
mM M%gwb‘\@}ﬂ;@@% mmaﬁ@m PEHPAEREPEEQS oM §8&%ﬁ?§gml/£\!)e 4.6

ter |ncubat| on, he sSperm wer e drawn i nto

mM ghipasepl 0Q [aal- pmlpme@@nmacmgm B&A). NThe lyopkitiped dye was
resusgamehhﬁaﬁnaﬁwsa oRRd tg’améﬁ{r% HorP Bt £53. 9%& 'aﬁggﬁeﬁ%fded to the

anpl e were analyzed for notility using’t
cells, FhelthaBthedinay dye comentmtienyvas 48 MLs Tht sppii weresalitved to take

up th%l Lt\ﬁﬁo BAMmiGAIRYhE] S(?rﬁ?;ro?‘z‘%ggé‘elﬁwliq%qeﬁ%{d lsﬁme%%ent-

avesovvnthatser ainn
activatgd|celhbortiog (BAGS) tulﬁs AV H5mrvinghes @)ohystﬁvhlﬁbTFaICDnrHQIOEiI'ﬁr 2054

o poaif .2 T Do T G0, ol B

Spermirmdubatﬁgn mf:dlatcoﬁtalnﬁagta Sﬂfﬁmldi;lutleﬁ] of tlﬁq:»ottémiut éceicing agent used
to G ilization in ‘la: ﬁl nfa urements vvered ?Ar‘é’
r’%"PF??FfV&ﬁS“’a R e T 1§ devef o1 1oduping agrntpyp] & Tepledigpgiect
the seane QS?(BH/dﬁuEQﬁE bByd iulnrmg afduine G zftﬁf reitliZaivh. Thhen the sperm
trea ts Free ica caven er ver age post .t ha
were gomty &63 s nrlfltaRﬁg t gvag dﬁfﬁg“i cgemf{ g cglls were
resusp€sded iR 0D R TofSpetfnr Yl@&b@tld}ﬁ\/hﬁﬂia containing the 50 fold dilution of the

appropriate potential reducing agent. The sperm were then challenged with various

I
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17.6% yes 20 mvl DIT 1.6%no 0.5 inlvl GSH 32 %yes 1
rnM GSH 25.3% yes 5 mM GSH 41. 67% yes 50 m VI GSH 0.6
wWOeWo/1634i/7 M MIG 16 % yes 10 If the conpounelches2007/013884

passed the spernfdye test and the notility test, then

its effect on IVF is tested. |IVF was perforned, as

described in Exanple 1, with C57BL/6 sperm

cryopreserved in the nedia containing as free radical

scavenger, DIT, GSH or MIG Table 10: 57BL/6 sperm

fertility after different CPMtreatnments Free Radical
concegtraii temdputy) hydropesaxidg (e g( Sisma Aldsiehs gadt BR63 P ttainduce

oxidaf19& Hr(?s%) ThE R essed samples were incubated for 1 hour, brought to 300 puL in
sperm incubation media supplemented with the reducing agent being investigated and
then stained with 5 pg/mL of propidium iodide (e. g. Invitrogen, cat # P-3566) and

5 pg/mlL of LDS-751 (Invitrogen, cat # L7595) to differentiate nucleated live and dead
cells. The samples were loaded onto either a FACScan (BD Biosciences; Franklin
Lakes, NJ) or FACSCalibur (BD Biosciences; Franklin Lakes, NJ) flow cytometer and
the green fluorescence was measured on at about 5,000 viable sperm. Figures 7A and 7B
show that all of the additives tested in this experiment reduced the level of reactive
oxygen species within cryopreserved mouse sperm cells.

Figures 7A and 7B show results of the following: C57BL/6 sperm cryopreserved
in the presence and absence of three potential free radical scavengers (monothioglycerol
(MTG); dithiothreitol (DTT); glutathione (GSH)) were loaded with the green fluorescent
dye CM-H2DCFDA to measure intracellular reactive oxygen species (ROS). The sperm
were challenged with varying levels of rerz-butyl hydroperoxide to induce oxidative
stress and green fluorescence was measured using flow cytometry (A) FACSCalibur and
(B) FACScan. As shown, the potential reducing agents limited the level of ROS within
the cryopreserved mouse sperm. The y-axis shows the relative fluorescence being the
highest when no free radical scavenger is present (solid line) and the x-axis shows the
Concentration of fert-butyl hydroperoxide.

If the compound is capable of reducing ROS at the tested concentration, then its
effect on sperm motility and fertilization is tested. While the sperm motility assay is a
helpful fast screening tool in the case of mouse, this assay is not required for mouse and
one can perform only the IVF assay in the case of mouse. For other species, e.g. bovine
the sperm motility assay together with the fluorescence assay is sufficient. The sperm
motility assay can be done either with fresh or cryopreserved sperm. For example the
motility can be determined as described in Example 6 (Determination of Sperm
Concentration and Motility), using an IVOS instrument. Briefly, C57BL/6 sperm were
diluted 1:50 in pre- warmed and gassed mouse vitro fert (Cook’s; Spencer, IN) under
light mineral oil. The samples were incubated for an hour at 37°C, in a humidiﬁed
atmosphere of 5% COQO,, 5% O3 and 90% nitrogen in a K-MINC-1000 bench top
incubator (Cook’s; Spencer, IN). After incubation, the sperm were drawn into 0.1 X 2.0
mm [.D. tubes (VitroCom Inc. Mt Lks. N.J.) using capillary action and 3 manually

selected fields per sample were analyzed for motility using the Hamilton Thorn (Beverly,
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31.2 % (56 of 179) 0.1 nM DTT 192 %33 of 169) 1 nmM
DIT 2 % (2 of 94) 5 nMDTT 0.9 % (2 of 212) WO
wQRD7h4A6844PCT/ US2007/ 013884 20 nmM DTT 6. 4 % ¥dn/usf007/013884
147) 0.5 nM GSH 59.7 % (138 of 229) 1 mM GSH 49.5 %
(99 of 202) 5 "M GSH 39.9 %74 of 195) 50 nM GSH 0.0 %
(0 of 249) 477 mM MIG 75.2 % (111 of 149) These data
clearly show that spermwith a notility below 5 % are
conprom sed and have less ability to fertilze oocytes
(20 MM DTT and 50 nM (3SH). Further, these data show
MA) integrateil visaatiopticsrsystomt (F€ OB o1l eongpeenzack setremi amalyisise
fertilization.rate results j reliable ass to
Appligis by bl wiepioiacn i OOV sofatsive o it Pl stayemeer,
0.477 RN RG, 1011 NPT LEBINM DTS v MZUIS,QOfSﬁM DEHIQ_DsSaTxM GSH, 1
ont ai nj.n C otectant and a free radical .
m Gl € ARt s R e R iy ahd i moritiy of at
least 5194 RreQhiré R RhBNE Fatiliestidn AMVIF) P8 EmeasiBéhrts Wdr€ 8oddin
. ..and placed into the cryoqprotective nedi a described
tripliqats jd e%@%ﬁﬁ’&@ﬂﬁ%ﬁl%a- and placed into an
i ncubated 1 nmiL collection drop of CryoProtective
Medium (CPM, which conprises, for exanple, raffinose
Table[9£s@émﬁ/%smnﬁdﬂe@hﬁy@éneyééfmm[% trepygentsM to 1 V]
or raffinose [18%W v] and reduced gl utathi one [ GSH;

500 pMto 50 mM ). In this exanple, Applicants used
1pPsveRadi¢dliSvovangand [44Terpgavbodiletshi ogiVEEEE o . The
sperm motility

none 10-29 % yes

0.1 mM DTT 24.6 % yes

1 mM DTT 34 % yes

SmM DTT 17.6 % yes

20 mM DTT 1.6 % no

0.5 mM GSH 32% yes

1 mM GSH 253 % yes

5 mM GSH 41.67 % yes

50 mM GSH 0.6 % | no

0.477 mM MTG 16 % yes

If the compound has passed the sperm/dye test and the motility test, then its effect on
IVF is tested. IVF was performed, as described in Example 1, with C57BL/6 sperm

cryopreserved in the media containing as free radical scavenger, DTT, GSH or MTG.

Table 10: S7BL/6 sperm fertility after different CPM treatments

Free Radical Scavenger Fertilization Rato (2-cell

embryos of total oocytes)

none

31.2 % (56 of 179)
0.1 mM DTT 19.2 % (33 of 169)
1 mM DTT 2 % (2 of 94)
5mM DTT 0.9% 2 0f212)
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15 were allowed to swmout into the CPM this was
allowed for at least 5 mnutes, but for |ess than 20
woreov7/1dd3es r esi dual tissues were then renoved frOnusine7/013884
collection drop. Ten micro liters of the sperm sanple
were | oaded into as many as one hundred 250pL French
straws (I MW; Maple Gove, MN). Four 10 p.L aliquots of
the collected spermwere | oaded into the straws, which
were sealed with an instantaneous heat sealer. The
straws 20 were placed into cassettes and exposed to
|Z!ilmM m’lI’If‘ ogen vapor 6f4o% ao olﬁi1|47) Thi s essentjally
Dnl r\ OP\,I |r|—u.|.*\ | I | TCI Ilg Jl UI d I n
|%§Wﬁ%09en for a We%z&”@zfﬁ% rs, 6 sanmp|es from
apﬂleqrrent wer e { g\geﬁ(gglogzsi)éwater bath for 30
and_then each 10pl aliguot was placed difectly

rﬁ@M@S}éV\m 500pL i 39i%%d74ef 493} zation (I VF) drop

PpUsSE VItTo [ ustratTta; Queensl and,
55Aus§)rf§ ra: Quinn_ et '03 %(b‘og%g?f After an hour of
i (ToaM MTG4 cunul us 7612t%di 1bot ¥4 cl ut ches from
stperovutatetd—CS5BL63—+ferates—were—added—to—t he in
vitro fertilization W) 2007/ 146344PCT/ US2007/ 013884
Theséldatp cleaely shyanthhtesptrra Rdthod ﬁl@tlhlﬁg} belgat 5% a0@0mpromised and have

lesé agggg%g tfearhlz%%%gg}ep Zﬁ ell\/rfﬂ?[f; ? Mﬁ%@i;ﬁﬁé&?{)@pw data show

that, fnr m@iﬁlﬂaéandm@ S%erﬂfﬁdrﬁeﬂxeﬂ %&éﬁlri?z&mgbiﬁ%sm?rm% réligble -
bencht op | ncubat or _ at ter rs o

assay ) IR 1 PTG PRESCh N PRRUT BB SSHer o viashed

t hr ough tvvo 150 pi drops of |VF nedia (NVF Cook' s;

Spencer and t hen gultur ed overnig

XBwPs %@aqpr%swwgnp Mause ﬁn@r%emwb P cgpaininga

cryogrSfeuaht Aifla YWRE r&fibdl UbAlfferQCPIFREYI NG the nunmber of
-cel | enmbryos by the sum of two-cells and nornally

apﬁ&?ﬁlﬂ’g‘yw@%ﬂ%‘t‘ia& deforentigare eyisrojedeFomthgeCY7BL/6] males
and piieB8h thOE &Qctbjlqn&flg d 1bl3@‘1é|@1%§ﬁ 0 t esm@%m%?é%d and

Cat egory EX m te
placeNiySEn inNEStERl ML calbatiDBArdpv GOOPRAESIG M2EiuGs(@M), which

comp%zg |'fo )fagx%aq(l"é 71%'@3](0’8% fﬁf’)ﬁ%ﬁ%ﬁ fmoquotﬁ%rggw?o% g g&? (]B U}CS)O uMto 1

mM]dma:sﬂf' ﬁ5§’d3[1 8¢t i] and Irechmcbcb glutatbioad [GSHB é OQlqutm $O0 mM]). In this
cludi.ng [Leco bred st

P APk SO RS PR Sl 77 Wi midgedito BsRich Ths; sperm
were BAbBEA By SwinBaAlBinto Bl (P thiCakl bddwe B/ dtidastl5 mmutes but for
tess %124 i PSR! (15358 ore PRI SHRLND. S FsFRpy diop. Ten
micr&htdds ofSHRIPernNeRIpIE ,wdiEBfaBb(Nﬂmto BN W oot Gad ,onRBEh&éd 250pL French
strawg ATV R B e MRS 10 7S collecisd Spea were
loadddSinfl thd Qgws, Fakich Gairé eiNtawith eBM sIBASNRRs heat sealer. The straws

%Aﬁlﬁg% JBonilac 2|\I'I'acd DBPJ2JBoniTac, FVB/ NTac, ~
were *kt?a?essehzw%eaﬁpgée 97{qwd Ritergen pyarer £ NamrpRhis
esserﬁﬁh@r e dfet kiR s pele B IPNCIh i BRA BB AYe 61%8 in FX@/dWrb%’é% for at
1 7/IchrI BR, 129/ SvPastcoCrlBR, SJWorl

least%bsn%ﬁké gempes grom srgisdcatmg iy wenrbawed BB SeRE bath for 30
sec, 4 B LO D Ch, Oucf,Bﬁ’f Fdp1 pl %3%{?} Li Xﬂ)gﬁ"\%%?&, _Im va'F

(D_O

SAVP1/ KaHsd, SAMP6f TaHsd, SAMP
fertiligatipy M droprELopkssMousal 70 FABEC S0k Mastralia; Queensland,

AustiaR4? (?ﬁﬂmgﬂ efl‘ Fia%! 99552 Talei Gh %B Q{;S@au%cﬁ ?ﬁxﬁms 1f1tact oocyte

genef’ y ho neous an onDz gous "a
clutch¢sefromisuperevitlotesl CEOMOT f@ealgmwSteaadxﬂaddm gedin vitro fertilization
Nomencl ature for Mce has ruled that a strain of mce

can be considered "inbred" at generation F20
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WO 2007/ 146344PCT/ US2007/ 013884 Cat egory Exanpl es but
Not es: FVB/ NnanHsd, MRUMoA aHsd,
wOoZiB/@aksd, NZW A aHsd, SWR/ A aHsd, 129P2/ 0lakSHysAntio13884

not limted to:

129S2/ SvHsd.

B6. 129P2- Apoet mLUnc/ J

NOD. CB17- Pr kdosci d/ J 129S1/ Sviml

B10. A- H2a H2- T1Ba/ SgSnJ

129X1/ Svd
B10. D2- HcO H2d H2- T18c/ oSnJ

drop (see Example 1 and also Nakagata, 2000a; Nakagata, 2000b, Sztein et al. 2000;

Byers et al. 2006).

Briefly, the sperm and oocytes, both from C57BL/6J mice, were incubated

together for 4 hrs in a benchtop incubator at 37°C. After 4 hrs of co-incubation the

presumptive zygotes were washed through two 150 pL drops of IVF media (MVF;

Cook’s; Spencer, IN) and then cultured overnight. Approximately 18 hrs later, the

proportion of oocytes fertilized was calculated by dividing the number of two-cell

embryos by the sum of two-cells and normally appearing presumptive one-cell oocytes.

TABLE 1: Animals for which the present invention can be used

Category

Examples but not limited to:

Notes:

INBRED MOUSE LINES

C3H

CBA

DBA
FvB
NCD
BALB/c
129
C57BL

C578BL Mice

C57BL/GJ, C57BL/6NTac,

. C57BL/GNCrl, C57BL/10

www.informatics.jax.org/external/festing/mouse/
docs/C57BL.shtm!

All other inbred mouse strains,
including recombinant inbred
strains

129S81/SvimJ, 129T2/SvEmsJ,
129X1/Svd, 129P31, AlJ, AKR/,
BALB/cBy, BALB/cByJ, BALB/c
BALB/cJ, C3H/HeJ, C3H/HeOud,
C3HeB/FeJ, C57BL/10J, C58,
CBA/CaHN-Btkxid/J, CBA/J, DBA/MJ,
DBA/1LacJ, DBA/2J, FVBINJ,
MRL/MpJ, NOD/LtJ, SJLJ, SWRN,
NOR/LtJ, NZB/BINJ, NZW/LacJ,
RBF/Dn.J, 129S6/SvEvTac, AJTAC,
BALB/cAnNTac, BALB/cJBomTac,
BALB/cABomTac,“C57BL/6NTac,
C57BL/8JBomTac, C57BL/10SgAiTac,
C3H/HeNTac, CBA/JBomTac,
DBA/1JBomTac, DBA/ZNTac,
DBA/2JBomTac, FVB/NTac,
NOD/MrkTac, NZM/AegTac,
SJl/JerNTac, BALB/cARNCHBR,
C3H/HeNCrIBR, C57BL/6NCIIBR,
DBAJ2NCriBR, FVB/NCIBR, C.B-
17/lcrCriBR, 129/SvPaslcoCriBR,
SJUJorlleoCriBR, AlJolaHsd,
BALB/cAnNHsd, C3H/HeNHsd,
C57BL/10ScNHsd, C57BL/6NHsd,
CBA/JCrHsd, DBA/2NHsd, FVB/NHsd,
SAMP1/KaHsd, SAMP6/TaHsd,
SAMPB8/TaHsd, SAMP10/TaHsd,
SJLJCrHsd, AKR/OlaHsd,
BiozziABH/RijHsd, C57BL/6J0laHsd,

Definition: Inbred Mice are genetically
homogeneous and homozygous at all loci. The
International Committee on Standardized
Nomenclature for Mice has ruled that a strain of
mice can be considered "inbred" at generation
Fao
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B10. D2- Hc1 H2d H2-T18c,/ nSnJ
B10. R111- H2r 112- T18b/ ( 71NS) SnJ
wBs(0D4d32+ Ablbml2/ KhEgJ 136. 129P2- 1110t ml CgnpQI/US2007/013884
B6. 129P2- Nos2t mlLau/ J B6. 129P2- Nos 3t mlUncKkl
86. 129S2- CdEt at niLMak/ J B6. 129S2- | gh- 6t mLCgn/ J
B6. 129S7- 1 f ngt mLTs/ J

Category : Examples but not limited to: Notes:

FVB/NhanHsd, MRL/MpQOlaHsd,
NZB/OlaHsd, NZW/OlaHsd,
SWR/OlaHsd, 129P2/OlaHsd, and
12982/SvHsd.
B6.129P2-Apoetm1Unc/)
NOD.CB17-Prkdescid/J

1 12981/SvimJ

129X1/SvJ

B10.A-H2a H2-T18a/SgSnJ
B10.D2-Hc0 H2d H2-T18c/oSnd
B10.D2-Hec1 H2d H2-T18¢/nSnJ
B10.RIlI-H2r H2-T18b/(71NS)SnJ
B6(C)-H2-Ab1bm12/KhEgJ
B6.129P2-1110tm1Cgn/J
B6.129P2-Nos2tm1Lau/J
B6.129P2-Nos3tm1UnclJ
B6.12952-Cd8atm1Mak/J
B6.129S2-1gh-6tm1Cgn/J
B6.129S7-ifngtm1Ts/J
B6.129S7-Ragitm1Mom/J
B6.CB17-Prkdcescid/SzJ
B6.MRL-FasipriJ

B6.V-L.epob/J

BKS.Cg-m +/+ Leprdb/J
C3HeB/FeJ

C57BL/10J

C57BL/0Sn) . .
C57BL/6-Tg{APOA1)1Rub/N
C57BL/6J-Tyrc-2J1J
CBA/CaHN-Btkxid/J

CBA/CaJ
CBySmn.CB17-Prkdcscid/J
FVBIN-Tg(MMTVneu)202Mul/J
KK.Cg-Ay/

MRL/MpJ

MRLU/MpJ-Faslpr/J

SJLJ

SWR/J

810.PL-H2u H2-T182/(73NS)Snd
NONCNZO5/LtJ

WR

BPH/2

BPLNM

FS

P/

P/A

PRO

All genetically engineered (e.g.
fransgenic, knockout, knockin,
knockdown, refroviral, viral),
chemically induced mutations
{e. g. ENU, EMS also including
archives of mutants); radiation
induced mutations;
spontaneous
mutations/modifications Examples: B6.129P2-ApoetmiUnc/),
maintained on mouse strains for | B6.129S4-Pdyn'™1Ute}), B6;129P2-
example: C57BLSS, 129, FVB, Pemfimt)l§, NOD.Cg Prkdcscid-

C3H, NOD, DBA/2, BALBIc, B2mb[Dvs,
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136. 12967- Raglt mLMont J
86. MRL- Fasi pr/J
wEBldeBidaed C57B1/ 10J

B6. V- Lepob/ J
057BU10SNJ.

C57BUB- Tg( APOAL) 1Rub/ J

136. CB17- Pr kdasci d/ SzJ
BKS. Cg- m +1+ Leprdb/J

PCT/US2007/013884

Category

Examples but not limited to:

Notes:

CD-1. Including congenic
strains and recombinant
congenic strains.

Mouse hybrid strains produced
by crossing two inbred strains
including mixed inbred strains

Mice:

NZBWF1/)

BGCBAF1/J

BESJLFIN

CB6F1/J

CByB6F1/J

PLSJLFiN
WBB6F1/J-KitW/KitW-v
B6129PF1/J

CAF1/J .

B6129PF2/J

B6129SF1/)

B6129SF2/J

B6AF1/J

B6C3F1M

B6CBAF1/)

B6SJILF1M -

(including any other combination)
Proportions vary from 50:50 F1 to 99:1

Outbred Mice

CD-1; ICR; Biack Swiss; Swiss
Webster; NIH Swiss; CF-1, Nude

Definition outbred: Animals from a defined
population that are produced by breeding
schemes that avoid crosses between closely
related individuals in order to maintain the
maximal level of heterozygosity in all offspring

INBRED RAT LINES

ACI, Brown Norway (BN), BCIX,
Copenhagen (COP), MWF, D Agouti
(DA), Goto-Kakizaki (GK), Lewis,
Fischer 344 (F344), Wistar Furth (WF),
Wistar Kyoto (WKY:; WKYN1), ZDF

All genstically engineered (e.g.
transgenic, knockout, knockin,
knockdown, retroviral, virat),
chemically induced mutations
(e. g. ENU, also including
archives of mutants); radiation-
induced mutations;
spontaneous
mutations/modifications
maintained on rat strains
including congenic strains.

F344/NTac-Tg(HLA-B27)-Tg(2M)33-
3Trg; HsdAme:TR-Abcc2;
HsdHInZUCKER-Leprfa; NiH Nude

Rat Hybrids Produced by
crossing two inbred strains

BHR
FBNF1/Hsd
LBNF1/Hsd

Cutbred Rats

Holtzman, Sprague Dawley, Long
Evans, Wistar, Wistar Han, WH, WKY,
Zucker, JCR (Russel Rat), OFA

Definition outbred: Animals from a defined
population that are produced by breeding
schemes that avoid crosses between closely
related individuals in order to maintain the
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C57BUGJ- Tyrc-2J3/J
CBySmm. CB17- Pr kdcsci d/ J
VRUMbJ

WKE00D468y4 J

CBA/ CaHN- Bt kxi d/ J

CBA/ CaJ

FVB/ N- Tg( MMTVnheu) 202Mul / J
MRUMpJ- Fasl pr/J

SJUJ PCT/US2007/013884

Category

Examples but not limited to:

Notes:

maximal level of heterozygosity in all offspring

All genetically engineered (e.g.

transgenic, knockout, knockin,
knockdown, refroviral, viral),
chemically induced mutations
{e. g. ENU, also including
archives of mutants); radiation
induced mutations;
spontaneous
mutations/modifications
maintained on mammals

Rabbit, goat, sheep, pig, cow, horse,
dog, cat

Other rodents

Gerbils, Guinea pigs, Hamsters, Cotton
Rat

All genetically engineered (e.g.

transgenic, knockout, knockin,
knockdown, retroviral, viral),
chemically induced mutations
{e. 9. ENU, also including
archives of mutants); radiation
induced mutations;
spontaneous
mutations/madifications
maintained on vertebrates

Fish (e.g. zebrafish, medaka, salmon,
titapia, catfish, tuna); chicken, turkey

Cows as outbred or random bred populations
Pigs as outbred or random bred populations
Goat as outbred or random bred populations
Sheep as outbred or random bred populations
Horses as outbred or random bred populations
Humans

as outbred or random bred populations

All other mammals

Other vertebrates

Dogs, Cats, Camelids, Non Human
Primates, all outbred or random bred
populations, zoo animals, marsupials,
endangered mammals

Freshwater fish (e.g. cyprinids,
siluroids, salmonids, tilapia, medaka,
zebrafish)

Marine fish (e. g. herring, eel, sea bass,
flounder, grouper, grunt, seatrout,
drums, croaker, weakfish, dolphin,
mackerels, tunas, snappers, swordfish,
grouper, bluefish, bonefish, billiishes,
tarpons, porgy, mullets, sharks, tarpons,
tropical fishes); Endangered fish

Birds (rooster, turkey, duck, goose,
quail, pheasant, guinea fowl, pigeon,
companion birds, endangered birds,
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PRO All genetically engineered (e.g. transgenic,
knockout, knockin, knockdown, retroviral, viral),

chem cally induced nutations (e. g. ENU, EMS also

i ncludi ng archives of nutants); radiation induced

mut ati ons; spont aneous nut ati ons/ nodi fi cati ons
mai nt ai ned on nouse strains for Exanples:

B6. 129P2- Apoet ml Unc/J, 136.129S4- Pdynm1lle/J, B6;

129P2- exanple; C57BU6, 129, FVB, Pentro/J, NOD.Cg
Pricdcbbid- C3H, NOD, DBA%%”@EALB/C’ B2nbl Dvs, WO
2007/ 146344PCT/ US2007/ 0138 tegory Exanpl es but not
limted to: Notes: CD-1. Including congenic strains

and reconbi nant congeni ¢ strai ns. Mouse hybrid

strains produced by crossing two inbred strains

i ncl ydi ngamhetied fonbyednBhiaprigrMeciedenNgBIR 1 adnprising adding to
B6CBAF1/J B6SJLF1/J CB6F1/J COyB6F1/.J P%%JLFlLJ

SDBEIETY SO RKi 1P \WXPPEBE BeiBR19 JORRgeioy that comprises at least one
cryoprotectant, at ieast one membrane protectant, and at least one free radical scavenger,
thereby producing a combination, wherein cryopreserving the combination provides
cryopreserved rodent sperm having greater fertilization capacity compared to rodent sperm

cryopreserved by a traditional method.

2. A method for cryogenically preserving rodent sperm according to claim 1,

further comprising cryopreserving the combination.

3 A cryogenically preserved composition comprising (&) rodent sperm and (b)
a composition for cryogenic preservation of rodent sperm, wherein the composition
comprises at least one cryoprotectant, at least one membrane protectant, and at least one
free radical scavenger, wherein rodent sperm cryopreserved in the composition have greater

fertilization capacity compared to rodent sperm cryopreserved by a traditional method.

4, A composition for cryogenic presetvation of rodent sperm, the composition
comprising at least one cryoproteciant; at least one membrane protectant; and at least one
free radical scavenger, wherein rodent sperm cryopreserved in the composition have greater

fertilization capacity than rodent sperm cryopreserved by a traditional method.
5. A method according to claim 1 or 2, or a composition according to claim 3

or 4, wherein the eryoprotectant is selected from the group consisting oft supars, sugar

alcohols, glycerol; and combinations thereof.
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B6129PF21J 86129SH J B6129SF2/J B6AF1/J B6C3F1/J
B6CBAF1l J B6SJLF1/J. (including any other conbination)
Proportions vary fromb50:50 FI to 99:1 OQutbred Mce
CD-1; ICR, Black Swiss; Swiss Wbster; NIH Swi ss;
CF-1, Nude Definition outbred: Animals from a defined
popul ati on that are produced by breedi ng schenes that
avoi d crosses between closely related individuals in
order to maintain the maxi mal | evel of heterozygosity

5,514 o2 ASRSCLIEEER BT LINES (5p 010 JELURY o cin
Lot a- Kahmzﬁktlm(cﬁi-@);otdmw B, sclEd':teab hem B4 dro(rF-8did)siindNO 8 trafifinose,
laé{ﬂsézt él\l\ﬂs&s-/ IE?‘@ %K épétam()%c g)an%oru OSE, 8 g]t%dhE%QFcri%?hA fiy’droxy-ethyl
dnrdg kiangse knges kidohwls theredft mdi coabinatwins dleyepf. chem cal |y

i nduced nmutations (e. g. ENU, also including archives

of nmutants); radiation-induced nmutations;. spontaneous
mut at7, ons Anmaethdd s@bidoigso riimtlaRngdr énor atospasaionsiceording to

%&%344 d'\t#r;%gc_np \ae%uig%%r!?@&%mlgés b(,l\-);ﬁ;,a Jrom the group consisting of:
Irislgl AN cTitd A, [sekd dnd uERichemefecal, W N Nude  Rat
Hybri ds Produced by crossing two Inbred strains BHR
FBNF1/ Hsd LBNF1/Hsd Qutbred Rats Holtzman, Sprague
Dawl GBy, Lﬁﬂﬁetﬁd&m&xdl\d‘ﬁ ﬁicau”u,n IW sf afy olrlaﬁf clMd‘rls SVXKM a composition
2Ue R GRisse %) PRt g @ it ted
RSO PO e GREPhOE %fwnéé. ol SRR OBRSSRELE B
ms;aewle r@o@g Et&ﬂgﬁng batpo@mﬁyldnefgrm&s exMbe] whgand lghysel yropylene
i ndj vi s in o

élgl PP Y B IR @O;chfg ggl;jelfn%@gtp olé(gng?{a}x% cEnrl]}Einat\l{Qs thereof.

9, A method according to claim 1, 2 or any one of claims 5-8, or a composition
according to claim 3, 4 or any one of claims 5-8, wherein the membrane protectant is
selected from the group consisting oft egg protein, egg yolk protein, egg white protein,
casein, albumin, keratin, coflagen, atelocollagen, elastin, gelatin, peptones, fibrinogen,
fibronectin, a soy protein, a wheat protein, a corn protein, a milk protein, and hydrolysates
thereof; a protein, a non-protein, a lipid, a chemicaily synthesized lipid, a synthetic lipid,
phosphatidylglycerol, phosphatidic actd, Li*,2, 2 tetra-acyl-cardiolipin,
phosphatidylcholine, phosphatidylserine, phosphatidylethanolamine, a polyoxyethylene
based lipid, arachidonic linoleic, linolenic, myristic, oleic, palmitic or stearic fatty acids,

cholesterol, Pluronic F-68, polyvinyl alcohol; and combinations thereof,

10. A method according to claim 1, 2 or any one of claims 5-9, or a composition
according to claim 3, 4 or any one of claims 5-9, wherein the membranc protectant is
selected from the group consisting oft skim milk or a component thereof; milk powder or a

component thereof} and egg yolk or a component thereof; and combinations thereof.
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Exanpl es but not limted to: Notes: maxi mal | evel of
het erozygosity in all offspring All genetically

engi neered (e.g. transgenic, knockout, knockin,
knockdown, retroviral, viral), chemcally induced
nmutations (e. g. EM, also including archives of

nmut ants); radiation induced nutations; spontaneous

mut at i ons/ nodi fi cati ons mai ntai ned on mammal s Rabbi t,
goat, sheep, pig, cow, horse, dog, cat Oher rodents

Ger bijh s, LD&&y Qk&?d;%{'?@'sc‘ia%ks gootxtﬁ%} Be@be cﬁ‘lnks 5-10, or a

genetlcal y engl ansgenrc, kno
donweiiion ackerdok dowaim Bet poaiyr@le,of vlanw 3, 10,cerriic at lbgst one free

L. . \ [ .
18@9%?213’%1{%& ?E%l&gédaiéﬁg Hg: %(@bes@gtlﬁg rf]%cl'ﬂlg gg%c@l{ %H a}{tﬁoiudant
andeatinbingtiongltirddf.cat i ons mai nt ai ned on vert ebr ates Fish
(e.g. zebrafish, nedaka, salnon, tilapia, catfish,

tuna); chicken, turkey Cows as outbred or random bred
popul ati ons Pigs as outbred or random bred

popul %t' ong megﬁ)@tac%& d tt%ragi r1 an&dg QLE)eegf claims 5-11, or a
popul atl ons bFed ran red

popaiati oesding to clarm 3, 4 or any ong 01 claims 5-11, wherein at least one free
redical scavenger is a reducing agent selected from the group consisting of)
monothioglycerol, beta-mercaptoethanol, dithiothreitol, Tris(2-carboxyethyl) phosphine,
dithioerythritol, thioredoxin, dithionite, 2-mercaptoethylarnine, dimethyl thiourea, DMSOQO,
10 nordihydroguaiaretic acid (NDGA), 2,3-dimercapto-l-propanol, hydroquinone; and

combinations thereof.

13. A method according to claim 1, 2 or any one of claims 5-12, or a
composition according to claim 3, 4 or any one of claims 5-12, wherein at least one free
radical scavenger is selected from the group consisting oft reduced glutathione,

monothioglycerol, dithiothreitol, beta-mercaptoethanol; and combinations thereof.

14, A method according to claim 1, 2 or any one of claims 5-13, or a
composition according to claim 3, 4 or any one of claims 5-13, wherein at least one free
radical scavenger is an antioxidant is selecied from the group consisting oft an amino acid,
an amino acid derivative, a vitamin, a vitamin derivative, butylated hydroxyanisole,
butylated hydroxytoluene, dihydrolipoic acid, tetrahydropapaveroline, 2-thiobarbitoric acid
or taurine, dimercaptosuccinic acid, allopurinol, deferoxamine, melatonin, catalase,
glutathione peroxidase, superoxide dismutase, steroids, reduced glutathione, and

combinations thereof,

47



Hor ses as outbred or random bred popul ati ons Hunans

as outbred or random bred populations All other

mamal s O her vertebrates Dogs, Cats, Canelids, Non

Human Primates, all outbred or random bred

popul ati ons, zoo aninmals, marsupials, endangered

manmal s Freshwater fish (e.g. cyprinids, siluroids,

sal noni ds, tilapia, nedaka, zebrafish) Marine fish (e.

g. herring, eel, sea bass, flounder, grouper, grunt,

seat nqut, Adﬁaglgg’d a%o?cﬁﬁerm c%ﬁkr ' §h}l zﬁ@l (EH%' B claims 5-14, or a

mackerel s, tunas, snappers, Sword grouper,

tompetiiiehacceyding o slaim Bi4 bf anyinas of pbh\pﬁoﬁé‘* vrj@r@gyat least one free

JJMH %Tca%egge?@sf h,%noam;;;eanawntdr &&b&@'an&i EB;%Se)boutEﬁﬂﬁﬁlQ&ﬁ&Qs to

rooster, urke oose, quail

f&h@é@ﬁﬁhﬂ@umﬁ@h fow plgeon conpani on birds,

endanger ed birds, MD 2007/146344PCT/U82007/013884

REFERENCES BATH, "Sinple and efficient in vitro

fertilpi zabi wathod tapcocdy ¢ ebrépyvbd2 GB7aBLPE1 ohglgses 5-14, or a

, 9

SPERTicpere b ap Blh o7 BB R CEHustos #vercn mdegstpne free

m@veal fServerreer is b@@e@mapiowmfélm aBaERbaeral abgg 50 B omolar to
“mo EFpreservatlon of nouse spernmatozoa,’

(2 i an Genome 11,572-576. NAKAGATA, " Mbuse

Spernatozoa Cryopreservation,' (2000b) J Mat nm Ova

Res ]’r? 1A8n1eihod accoll\!ﬁ‘{ﬁf‘%-r'ﬁ‘m e¥ ab or a1 XI%OB!G%SEHY@%' QN or a

of nouse spermat ozoa orm'i nbr éd” and

hOWpFiEiMEcordipg 99 8Rim 3i k kemydwis @lﬁuw@(béﬂ,u \ﬁl‘@mltaﬁt least one free

@&bﬁ%l:a%égﬁex 19 1%3uc§@%léuc}%%z{gwn a ng[()mce%{zatﬁ{n ﬁonl1| Erg(th’?@@ %‘flc:ornolar 1o

ture usi
avoeli SODEomisumetart ubal f 1 ui d nedlun1lack|ng glucose and
phosphat e" (1995). The anti oxi dant action of

syntheti c oestrogens invol ves decreased nenprane
f1 ui dBt y: Ar mbdvancerdiog tiheilaimpbt @nari &ily ose ohgiaims 5-17, or a

%ﬁg&ca%r 01 gmgé gm A Lo?ogf éee & c%%%@g 377%%%"5{ 890[;1 Qteé't?rut isa

:SQNGBAQEMonemu allon of"tiGr sugpr ie Senvatbol) e frelgbiigdume to about 30%
»%’ ght;\rgl‘ilm% %aﬁ{xm abc}? % llé‘% a@ﬁ%{& vBlu%l%ttg%ﬂt %‘% yé)ié%&v&ﬁﬁl@r

eserva Gl'e rmat ozoa
from Three Stralns of Nlce " (1997), CIyobloIogy 35,
255- %99 n%%gg Yd%;g'ollzu d:m i % «%rr Qnﬁfy%l%) |O§Stjdl’“}§ 6«18, or g
spern1|njeci|on i's nDr ef harm rn" vit
doembsitiorzatcodimgftorclae rie dadri cmg cnmun@ eia@nﬂaﬁ-yﬁswﬁcnmmihe membrane
reserved spernmat 0zo; 00 0 et

%%(3 4 (o)iun %Té‘?%“'i%%f n 0 1c P ()tem % io{)l PHbuf {A weight/volume

o about 50% wughtz‘vo ume or from sbout 1% volume/volume to about 90%

volume/volume.
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SZTEIN, et al., "Conparison of perneating and
nonperrneating cryoprotectants for nouse sperm
cryopreservation,” (2001). Cryobiol ogy 42, 28-39.
THORNTON, et al., "Large nunbers of mce established
by in vitro fertilization with 25 cryopreserved
spermatozoa: InPlications and applications for genetic
resource banks, nutagenesis screens, and nouse
backcrosses,"” (2006), Manmalian CGenone 10, 987-992.

BYER% et almeihod P’%&ttgiﬁg’a@c&ﬁi&f 1! nm] 5‘187 ‘391, %E'*éﬁ%ns 5-19, or a
strains follow ng assisSted reproductive technol ogies

CoNRPsiyion aqcREI0B)o cn:rhn@ﬁ; ooty |og{g91 c@@(ngﬁ 191 whgeip ghe cryoprotectant
R4 i De (ﬁtlaéJaS'ei the | dl fedle et bd ﬁuﬁ% 8&61%(‘”5 Elotem in_milk, milk

cryopreserve nou e sperm
Repiendes B(a®)in, ckg Mksmelmmgmmmm CpBrwhole mesien wad 131@ ﬁmgfladlcal

TEGg TR sk ~vouse Spermat ozoa
Clyopreservatlon " (2000b), J Mamfm Ova Res 17, 1-8.
NELL Ia BQ E@gi\éygra%c%ﬁmﬁqgl anhy gimgeétsﬁlgy '(A)‘géj%q Q!f\m 5-19, or a

Gadel d perOX|d ' ormation in
ashrasition a¢cordiento redaie s tlabiahy vye of clfime SH %andertindhepomposition

A5 53605 SRRy RO Rl KRR fafinose and tactose o
Bett enerinambiaonpofecimtsclaced frubdire gregctonsisingofoen yslkediagnik,
%ﬂg an«{} g%o%&?ﬁp%cgg%%nd gpﬂps'i %P@n@ﬂaﬂ%f &Iavéngcl selected from the
ercol [1trea ar sperm usin

40fth wongsg e nclk -aotoihvet wdrof,| wducwyltgin@tlmyle Jilnpibrpitgciand beta-

%é&d%oéﬁﬁg 100. CLAIMS 1. A nethod for

cr genlca |y preserving rodent sperm conprising

addlng to the rodent sperm prior to cryopreservation,

a conposi at IS at, l,eas .
cryorpE}r%oteéai%g{hOIa (mﬁapgt ﬁ%’néhgrghén?Qﬁ%ég}%ﬁgw Szh or 4

admposiast dcmnahrfgrte elamadlj calang oa:vce“m@am S-@heﬂ@kﬁyn {he ouliget spegrm is

o reservin

GOl Hp BB T of G SROL A ebl RO b kuince

ﬁ@mpmhnzatlon capacity conpared to rodent sperm
eryopreserved by a traditional nethod. 2. A

met hod for ciyogenically preserving rodent sperm

accoradi ng A enetilodi medrdinfzutot beim dorpoi shngne of claims 5-22, or a
&(F:ij(p%p{éxesg&\é‘@%p? égl ) 3?501”&%%_8%% (I)itclacl)lﬁs ?; g;?;,pwiﬁ%mn [g ¢ ((éc}(,nt spertn is
fsoldeen frospenonsanchif,)maise apash, tah drbrddonouse yiogee @ inbred mouse
greservatlon of rodent sperm wherein the conposition
L@Nb i'ses at |east one cryopntectant, at |east one

menbr ane protectant, and at | east one free radica

Seavegse o 8 BT SR T SRS 1 o

&ﬁﬁm)aﬂheﬂ ad:cﬁl dlil(gde nLu;xS pet m emy ymxpdi fassmy 843 pyhedein the rodent sperm is
tradit )Sition fort. £ CSTBL
SPGB e b BBV bitp s B SRroghabHistiog of: CSTBL,
BaNpas FYBOIcOmp A YR Atanti @@8l. one cryoprotectant; at

| east one nenbrane protectant; and at | east one free

radi cal scavenger, wherein rodent sperm cryopreserved

in the conposition have greater fertilization capacity
than rodent sperm cryopreserved by a traditiona

nmet hod. 5. A nethod according to claim1l or 2,

or a conposition according to claim3 or 4, wherein

the cryoprotectant is selectgd fromthe group

consi sting of: sugars, sugar al cohols, glycerol; and
conbi nati ons t hereof 6. A nethod according to
claiml1, 2 or 5, or a conposition according to claim

3, 4 or 5 wherein the cryoprotectant is selected from
the group consisting of: raffinose, |actose,

trehal ose, nelibiose, nelezitose, nmannotri ose,

stachyose, dextran, hydroxy-ethyl starch, sucrose,

sugar al cohol s thereof and conblnatlons thereof
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10. A nethod according to claim1l1, 2 or any one of

claims 5-9, or a conposition according to claim3, 4

or any one of clains 5-9, wherein the nenbrane

proteetant is selected fromthe group consisting of:

skimmlk or a conponent thereof; m |k powder or a

conmponent thereof; and egg yol k or a conponent

t hereof; and conbi nations thereof. 11. A net hod

according to claiml, 2 or any one of clains 5-10, or

a conposi t,i cor.di 0 3

a5 fo P RETRbAUE BTN Y B pafRf CBAs 31t or o

soansitigesccpslingdd eletnedl 4fareny mtwfgkaonqﬁ - ndierstni 1hfgmd¢nt sperm is
I a i 3

{ ﬁg{régo’?’% zﬁrg‘?ﬁgled it%rdsc Qﬁ}ét%& % a%,&i 21?) f?le ? cprgs{igrtﬁﬂg’of. 2(?5(’)7}r3L/6,

BﬁyBénéVBﬂJdﬁﬁmﬁhcﬁdlmwwéwna conp03|t|on according to

claim3,4 or any one of clains 5-11, wherein at |east

one free radi cal scavenger is a reduci ng agent

sel ecited f/\rmmltoueacgmdiup tooa:isi'nsﬂj Agorofiny one of claims 5-25, or a

%9{?1#91%? gchJth rngo mk?n %,2 Car gapc o‘%‘ifﬁlﬂﬁ%@ 5?1 wheHam the rodent sperm is

dpiatei diemytgcua:ttu@llly, mb(hi' @hedkm}(.l n, dithionite,
2- mer capt oet hyl ar ni ne, dinethyl t hi ourea, DMSO, 10
nor di hydr oguai aretic acid (NDGA),
2, 3- di7mer captahdd proopiinote chindrioquionang;onand claims 5-26, or a
gcrm )051%?[% a(%&%lmtgqg rcl?néltn% 40 I an¥ %L?’L O{A]\:fnﬁizb %j vﬂl%ﬁ,%{ ﬁ*h P(gieﬁt(lbu m is
aokamd dirong at Qen@iualﬂ mlﬁqdrﬂedorodanyscbmed d"fonc Itiaﬁ g@uﬁ-cmlzsmtmg of: a
g e{lcak 'y dlolghhg?nr{ohse 4 cneﬂcaﬁ nsoggieg lzalsagg%\égﬁgﬁy monﬁhed hamster, and
@Quﬁ&@ﬂym@ﬂﬁmﬂgm@hﬁngglycerol dlthlothrelto
bet a- ner capt oet hanol ; and conbinations thereof
14. A nmethod according to claim1, 2 or any one of
cl ai . 5- %,tnwfodaddc&ﬁmgsiot tleim acconpdiang dne 1 dhimsSﬁQ@ or a
or an one _f _
PR ea g Rl o by PRST R 26 SBRbP B e iperm
tshRteg MOt 106038 bsial Mgeddh Talsle &M no aci d, an am no acid
derivative, a vitamn, a vitam n derivative, butyl ated
hydr oxyani sol e, butyl ated hydroxyt ol uene,
di hydrool i poicderdGpdhn drgiptabyelf Bpapaved of ingene of claims 1-2 and 5-
-thiobarbituric acid or taurine, dinmercaptosuccinic
id, allopurinol, deferoxam ne, nelatonin, catalase,
gl ut at hi one peroxidase superoxide disnutase
sterojds, reduced glutathio C 5 28 of lont
theredf. AEKUHES B!a’sé{léc?o“r"a“ipﬁqd“‘t“o" é’% ‘Pﬁ °1 ¢ “2‘“%? B8 roden
gRenmof cleihpdars 5-14, or a conposition according to
claim3, 4 or any one of clainms 5-14, wherein at |east
one free radi cal scavenger is nonothioglycerol in a
concemnt r at/fl Rin férr @i bQub: es’i@vnﬁﬂ ouensham do@nﬁbiﬁglta DRPOtion of

mcro cordin 0.¢l ai 2
O ST IR 2 A D O S8 opoer st BB n
to claim3, 4 or any one of clains 5-14, wherein at
| east one free radical scavenger is
bet a- ner capt oet hanol in a concentration from about 50
m cronol ar to about 50000 micronol ar. 17. A
met hod according to claim1l, 2 or any one of clains
5-14, or a conposition according to claim3, 4 or any
one of clains 5-14, wherein at |east one free radica
scavenger is reduced gl utathipne in a concentration
from about 50 m cronolar to about 50000 m cronvol ar,
18, A net hod according to claiml, 2 or any one of
clainms 5-17, or a conposition according to claim3,4
or any one of clains 5-17, wherein cryopntectant is a
sugar and the concentration of the sugar is from about
10% wei ght/ vol une to about 30% wei ght/vol unme or from
about 10% vol unme/ vol ume to about 90% vol une/ vol une.
19. A met hod accordlng to cIa|n11 2 or any one of

I o r— A~ o Y, L I



29. A rodent spermcryopreserved by a nethod of any

one of clains 1-2 and 5- 28. 30. A contai ner
conprising a conposition of any one of clains 3-28 or
a rodent sperm of claim 29. 31. A kit for use in

cryomeserving rodent sperm conprising a conposition of
any one of clains 3-28 or a rodent sperm of claim?29
or a container of claim 30. 32. A kit for use
in cryopreserving rodent sperm conprising one or nore
conpogent § pf fgi ﬁs%nﬂoﬁ%é QR8T oY %P@rﬁs Qb ¥ibiGhe" Qﬁjee Bt more
sperm wher i ghentsvare se rom t
gmQUpentsort sucstnpqmglmffman ydpeeagmng nalealrsye Pk yybg ein Alift conwpncnts are
Qe oGRS bt IBREoRd B8 b
regegféalloms%la nj% érr(}ﬁmé%gtoﬁ t on@@ oﬁ%} it at B he?eo m rane
mnma@mesmfueknndmnﬁN$pedmahﬁmwmghgm@améﬂwﬂ@ﬁt%rN?hﬂﬁﬁﬁftO

?1?5;03?%@1% ﬁ%cf) ﬁﬁé} 19 agvmgr é)xgzﬁatfgxg B?A.’PEL %b}{i&w ?tﬁlg{agz?%) D¥ief sperm

whenreicrved ipa ouaditimmiendghod he conponents are prOV|ded in

conbination in a single receptacle or in separate

recept acl es. 34. The kit of claim33, further

conpﬁﬂ5|nghakmoﬁﬂamm@cwh@cmuWQowmw@pfé@h@nmw@ﬁsmcpmvﬂﬂim
f aim 34, wherein

FRETRRS i e seeln et Bl R 36. The

kit of claim 35, wherein the cryogenlc vessel is a

St yrof oa ont.ai.n i " tacl
37 T4e E}Iﬁ: t of ?auggég g the{]%{ g‘% gg&ﬁ?mn 1e 1¢ receptacle or
eepadal Nng a receptacle for rodent sperm 38.

The kit of claim 37, wherein the receptacle for rodent
spermis selected fromthe group consisting of a

straws.a ghaks obehpiolddewhaciotheabuibaednd cryoganitowssal. .

39. The kit of any one of clainms 32-38, further
conprising a float for use in floating the receptacle

for rnﬂenﬂhsmﬁﬂﬁkmnnﬁﬁewmmmﬁﬁmemn@uac@ﬂ@@QENBCNMbﬁmP@ﬁmHW

di s n the cryogeni c vesse
or axP 111su?atc container. yog

37, The kit of any one of claims 32-36, further comprising a receptacle for

rodent sperm.

38, The kit of claim 37, wherein the receptacle for rodent sperm is selected from

the group consisting of: a straw, a glass ampoule, a eryotube and a cryovial,
39.  The kit of any one of claims 32-38, further comprising a {loat for use in

fioating the receptacle for rodent sperm on the surface of a cryogenic liquid disposed in the

cryogenic vessel.
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