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| NJECTED W TH FREEZE- DRI ED SPERVATOZOA 19 o ¢ T 2002 5 This application

clainms the benefit of lﬂ“ﬁm plication, Serial No. 09/177,391, filed
Cct ober 23, 1998 which Il lmmm enefit of U S. Provisional Patent
Applications, Serial No. 60/078, 925, filed March 20, 1998, and Serial No.

60/ 089,938, filed June II/’I U. S. Governnent has a paid-up |icense
in this invention and t Zn limted circunstances to require the

patent owner to |icense othg asonabl e terns as provided for by the
terms of contract No. RO1-HD 402 awar ded by the National Institutes of
.Heal th, Public Health Service. BACKGROUND CF THE | NVENTI ON 15 The invention
relates to the freeze-drying of spermatozoa, the fertilization of oocytes

with reconstituted fg ]_Igz_ﬁg successzaFFgﬁﬂmé%M%éewgg of live

of fspring therefrom opreservation of spermby the use of
cryoprotectants and theIHEECTEPWBFEtFBE@ﬂEﬁBRIEBSBERM)@T@ZQ&r | ong peri ods
of tinme has produced dramatic 20 i nprovenents in ani mal husbandry as well

as human r.eproductive icine. .It has been f.ou t C rote
frozen-thawed sper nat og&g“&PP%%“P%@‘&V?F‘BEE?’P%%WrSr P@ rﬁi}ﬁ?g?t{ang ?Eﬁormst
as efficientlgoasy BQ??ﬂe@@@tBH@Q@ZP@S Mﬁ&gclhi%srfhéEéHeﬁ%f OfS. PRViSIBAAZAfent N

| i quid nitrogen (-1 96C) has been routinely used to cryopreserve cattle and

human sper mat dpphcatidosuSesal N 60RO Hifded Marchp), 1PH3,asd Serali Mo, 6040896938,

expensive in on because of the need for a constant supply of
l'i quid nitrogbﬂe%fﬁﬂ g%’v@?@m certain areas of the world it may be

i nconveni ent and/ or expamgiNg ddvediRhehaaRPAIIBIPIERAsd iR tHié Meistionaht @@8Tpht SUCh
as in devel oping countries where liquid nitrogen (or even dry ice) may not

be readi |lY actebnitsicircamaiangssite |r¢vgur@fth@oam@trwmrap lligesepikagrs 9pé¢¢san@bé@a i S

i 17 ogen t ank kg SrouRET By by BB et fong bR D38 e TR BV o

nitrogen or dN4tibsA Institites of‘H@Mth@PﬁlﬂiﬂHéalfhas@v

BACKGROUND OF THE INVENTION
15 The invention relates to the freeze-drying of spermatozoa, the

fertilization of oocytes with reconstituted freeze-dried spermatozoa, and the
development of live offspring therefrom.
The successful cryopreservation of sperm by the use of cryoprotectants
and the ability to store the frozen sperm for long periods of time has produced dramatic
20  improvements in animal husbandry as well as human reproductive medicine. It has been
found that cryoprotected frozen-thawed spermatozoa often regain their motility and
fertilize almost as efficiently as fresh spermatozoa.
Long term storage of spermatozoa in liquid nitrogen (-196°C) has been
routinely used to cryopreserve cattle and human spermatozoa. However, conventional
25  sperm preservation is very expensive in the long term because of the need for a constant
supply of liquid nitrogen. Moreover, in certain areas of the world it may be
inconvenient and/or expensive to store spermatozoa in liquid nitrogen, such as in
developing countries where liquid nitrogen (or even dry ice) may not be readily
accessible. Transporting of conventionally frozen spermatozoa is also problematic in
30  that it may require the transport of large liquid nitrogen tanks or the use of special

shipping containers containing liquid nitrogen or dry ice. Thus, many attempts have



1 ~0CT 200F 2 been nmade to preserve spermatozoa w thout requiri F]gg OCTZUOZ’
storage in liquid nitrogen. For exanple, if fertilization-conpetent '
spermat ozoa could be stored in a freeze-dried state at anbient tenperatures

or in ordinary refrigerators, the reduction in the maintenance and shi ppi ng
costs could be enornous. 5 It is believed that the first recorded attenpt

to freeze-dry spermatozoa was in 1949, when one mlliliter (mM) of fow

semen was m xed with an equal volune of Ringer's solution containing 20-30%

gl ycerol, spread as a thin layer in a distjllation flask, and

"freeze-dried" by renmoving 90% of the water. \Wen the preparations were
rehydrated within 2 hours after being brought hack to rqomtenperature, it

was reported P6°% Aafe Eﬁ)p‘ieéer%%eé’f“a'soﬁg? Wﬁgﬁ"%dﬁq‘f‘%%ﬂ?&ﬁedﬁﬂqmdtW?roﬁfﬁ‘e For
fertility of themprirdialiefoRRemFRILAFGAmMABIEYShd VSRR HeLERALI AR
Subsequent attenpts to produce [1rve offspring using freeze-dried

sper mat ozoa hatemhint fsegmeraues os 8 ardinaiyt refrigerddesntheepductiod in fhermair@ngice,

that a live calf was. born foIlId wing artificial insem nation of a cow with
bul | sper mat 028% SPIRRING £95tS cowldbe eHATRGUS it ed i rmedi ately after freeze-drying

and shoved 50% sper m moty {d defievdd thiPhe Hrst Feld?@QY ﬁt%ﬁth@tﬁew@éhzespéﬁﬁeﬁ@ioﬁ of
normal rabbits were obtained by insem nation using freeze-dri éd

sper mat ozoa. hmsav &949, mdich loae moflilitérg ) ofdfowl sanapehsimbedrveteat eghabyoltine
originators or .duplicated and canfi by ot hers rking.in the field.

i om stud es 8 RiTger Bl B BRE 2P0t B eobebired Rt LRRIREF bAdisiiREY 20
spermat 0z0a, _ifack Snlieebzcl drita” SRSERBAE 989600 Warck CWikdnfle bRpRGtioAl k™ I
the conventional sense (i. e., having Intact plasma nenbran s)p In order for
t hem t o supporehydeatedawithim?r hovrd afted being broughitbaclEter roemetampperatuire) itawas reported

are sol ccibd. Tl 5 G0 mpb iR raietos Mebiteg ms P e SRS EH anS) et HBREl on
into an oocyt péiynaAdkdaCiSweier, WisFei@He®imih@i r 25 tails resulting in damage

to the plasma nmenbrane. It has been reported that spermimobilization
significantly increases Subsequene atiémpisctoe psdduce flivet pffspring esingy fre@8tdriedt

has al so been reported.that en nou er pat ozoa r.e suspended in ia
W Ehout any. cPPORPSEE hayi ot PG RuPoRsatk I Per Gpaed fororapE: Brcs e
100% of the SpE{STBIRFOIRWIRE ArtifiteAdnscAfindtlisTth & WithehIEgRnafbloSthal Wk,
and yet normal enbryoni c 30 devel opnent occurred after mcroinjection of

t he headslof teeonstiateddmasdiataly afiesdreeza-dryinglmd showed 200@s8rmangtily.. [tPrasr e

has al so been r Lrth.of t nor mal | ves.after. .. .

i er of ny ect oo PRHsH il chOSe Rt O Boratal Rt Mot 554468 o9 ih<Bminatiog inehou
any cryopr ot edtezné-dried\spermiairoi.t Howekdrondithenaf thkser@dtstbouktbdwrpedtat byt
human sperm heads 5 injected into hapster oocytes can_form normal | ooking

pronucl ei, it 53Ry eF dpplisatedand confiraed fiyethers working apthefidldads can

support normal enbryoni V., VEers,c gt 1 d
that | oss of nmotility, ;%rggss?ﬁ@&gagn%aegperyg%g&e%g f(ﬁ@ilpj;(?@ggrggl}@ gﬁ&gﬁg\ﬁteﬂ

sper mat ozzih arspeffimabaza, &Nk kiidvad thad spermiitdodr fre awdtreqiired§ td B S'alivenin3tify 7%
and 0.5% respectively. Evidence, has al so been obtained that cellular

proteins 10 i FOBHANIABALSSRS (e-hayingdpiaet RIBSMASREBPLANED AN BEICH FPTEDETHEP SUDRPE. | n
view of the f i [ e c el |

Tethod for fr aStan Ry iEvoldhnal 2R CAlmplt, i ) R By @R R Bl tfon
retain their f(ECS)Itechniquen nooile atman speluratorgal ave geleeted.o dBheyf ars tiomaahélized
anbi ent, or orgli.nary.refrigerator fenperatures or below There i.s a_further
need for a rret<ﬂ'8§°4§ﬂm§159raﬁﬁxge OF§ e lqtﬂapoeﬁﬁpgwgs@ﬁw apragjon of their
freeze-dryed sp by i J2 S, i j live
of £ 5pr 1 nce SUNRRAAY L FL O RERA] R PP moRBHAES 10 hE? by iafonl 181 it
freeze- dryi ng ispwbiliatewsighificailydnere26s the rite afsucoessful fartilistion by #ASI. It has
sper mat ozoon ose head clepys) is capable of fertilizing an oocyte to
produce a Iiv\tgﬂ%ﬁ)regxbﬁpﬁﬁ.gg'%ﬁ WHEL REUCSPEIMNPZOR PEH uspends ?’E@%“ﬁ‘ é“';*{“éfps
of 1 (a) coll eiydifotettdft, ARANIMQALAAY fid2én ﬁyﬁ@ﬁa%mehbﬁom/@%m&t@éﬁﬁmibaa
suspensi on mediun (c) f’re_eZ| ng the’suspensi on of spermatozoa; and (d),

dryi ng the susperasidsad'ofassjpdgerhtbyz tisie/leada calbi seining, | amdelyett haxmalsembyonichan
1 % prefgrably less than 0.01 % .nore 25 ferabl v .less than 0.001.% and
especi al I@rl e velRRmeR SewEed q?%erh(goxﬁgf:ﬁ%&#ﬁ?,E?%?P\ﬁg}c%ﬁ%\y&iﬁpggnqt%oaslp p of
rehydrating the freeze-dried suspension of spermatozoa, wherein at |east
one rehydrated spermtozoon head retains its genetic integrity and is
capabl e of fertilizing an oocyte to produce a live offspring. As discussed

bel ow, the nmethod nay further conprise the step of storing the freeze-dried
spermatozoa prior to 30 rehydrating. '




19 0 C T 2002 4 To obtain a live offspring, at least the head (nuc] §u§)Cdt2002
a rehydrated spermatozoon is inserted into an isolated oocyte to forma
fertilized oocyte. The spermhead is inserted into the oocyte by

m croinjection, preferably by piezo electricallyactuated m croinjection.
Preferably, the insertion of the nucleus takes place within one 5 hour of
rehydration. The fertilized oocyte is then allowed to develop into an

enbryo and inplanted into the uterus of a foster nother where it devel ops
into a live offspring. In some species (es9., nost eutherian mamals,

i ncl udi ng humans), nor rral enbryoni c devel opnent of the fertilized oocyte

.also requires th the pat er nal nt roso associ ated with the
sper m nucl eus’ cpﬁ g%srré Ps eﬁBr‘?“rﬁ?ﬂc’F fs(ig?tg@hé)ge 1% ﬂ%'?n/‘ﬁ g ater
posteri or endnﬁérotm&n%ﬁemfa BEAHesObf ezl eNdO by Rézethadwisg Svﬂafom tagy |
when the head and tail are separated. Thus, in enbodi nents of the

i nvention, a Spepratestanisi at ed centrosorre from anot her spermat ozoon may be
i nserted S|nultaneously

si nul t aneous or consecuﬁ%@ughléésr r%'ﬁnet?eﬁ%e@‘b%c{%‘?g H%%%%B‘%rbg%@ns °

i nserti on sof ﬁrbectécpaftmhau@ieeuScﬁssicalﬁfoﬁamcrrmapr&kﬁ@fprbﬁu@@icﬁrﬁals ingPérchedy
insertion of an entire rehydrated spermatozoon into the oocyte. It has been

di scovered t hdetespiaedathsihsn swmpeanélepd%eazxesmpémmak mbmnm&velppmﬁet
i nventi on ma r r for
Lt Teast a y e RSied i b8l Amar B il B8 SERBARy derosfR Galafd Sl

tenperature) tdleaddobcit Wheg EirMatok60Re fidkeH &Rl drfedgo a miéiStute Hatentof [Re¢ithan
| osing their genetic i nteg,rlt or fertilization capability. Thus, the

freeze-dried SPés Atand % rrepareieerihyEvidencabasep e ohtainedvhat celbHar psotins
t t wh th | d
oD, 0 SPIRALER SR T BB PR Rt YT e L e et

storage at anbient or relﬁﬁliegﬁdiah@foré?mgfﬂﬁ’éraﬁse@néeﬁ fbog dliableandhepreddditlei d
nitrogen or dry ice are 25 not readi avai l able. Preferably, long term

(e.g., indefi matkod Eqrcffe&g%dtwns ﬁeemua@é% by whigh dbe freezeadeied spega aetgin their
t t I t
erper atur s a8t PaRpAend stk 1o BenuChe S0 e HAIRL PGk e

vertebrate speefrigeratonatnipéragiresbort below. ITlhmret B fubthet Naeelr foe larméthed sorcdpens t he

sea urchin, |obster, abalone, shellfish, and the |ike, and vertebrates such
as fish, B0 amyRFtiAnathat emamymrel@vdrﬁml dresezesdigeds Jpermaiontertilize recipient ogeyjesy
200z Accorcli present invention, there is provided a
menbr ane- danaggﬁhplgggg rie 0(ﬁsgmr;?%tozoon or spermat ozoon head catttai ning
a fertilization-conpetent nucleus _ said spermatozoon or spermatozoon head
havi ng been freeze dried to a nj k R{ , §s ttYa~-n 1 /o and
bei ng capable, "afif~r rehydra u¥ﬂ§¥§é—h§—lsolated ooayte upon
m croi nsection to pr oduqeleaadehﬁ@ameﬁwamethod\ﬁﬁtﬂfeézdﬂm?@spa%éf@oawmm of
ert

the present invention, there~is provided a nethod of 1 zi % rnanmei i an
oocytes G h A&t leestons reqeastifiicd sacrnatezenn svhesn hend (epelewslinoapshlernt fertilizing

comPri SNt henShee oAb GBS | pfﬁem%q%d%fﬁi%%ml%g&apg%@ufere gl

suspendi ng the's 0zaa in a ogl cal suspen~ian e

t he suspensio nmfof(a)sqmeleataigozmﬂeﬁnﬁmw f(b)osteperrings ﬂiatsPémtozifa}{h AGukgeasionozen
spermat ozoa under. a vacuumto a noisture |ave! ess thant /o to

form freeze- dipesitme} fFerziedhe sysprydomel ssrmatezea; aad () daying thespepensionsa;
i solating a r gg&ﬂ{ 264 %d?ﬁg{sﬁﬂglé%f%?feg 168 %m&#&ggrﬁ% fé@?hﬁgto%‘aﬁ Mégad

containing a I zatl on-ca ~nuci e after
rehydtatizih, ofefembly lesgihag 0.601% sarldaéspecialde Yse themom 00001 %. ommeenéthcﬂmtag
produce a live offspring; |solating an oocyte “froma simlar speci es of
ri zammal ; and fRREcompgse the rehudigting Hisdresgendriad sugsnsion of BETRAZ8S00n

head into the yinodlinbeflaQAng réhydPattPEiPrRalo?6dd hdaAGEaRR G fnetic integrity and is

capable of fertilizing an oocyte to produce a live offspring. As discussed below, the

method may further comprise the step of storing the freeze-dried spermatozoa prior to

30  rehydrating.



19 0 Cr 200 s BRI EF DESCRIPTION OF THE DRAWNGS The file of this qage@CT 2[]02
contai ns at |east one drawi ng executed in color. Copies of this patent

color drawings) will be provided by the Patent and Trademark Office upon
request and paynent of the necessary fee. s Figure 1 is a photograph of

vacuum seal ed anpul es contai ning freeze dried nouse spernmatozoa. The white
powder at the bottom of each anmpule is dried CZB nedi um cont ai ni ng

spermat ozoa. Figure 2A is a photom crograph of freeze-dried nouse

spermat ozoa i nmedi ately after rehydration., The proportion of sperm heads

wi thout tails or with 10 broken tails varies depending on how gently or

.roughly dried speci nens .are hand|. uring storage, Fi gur BJis an

el ectron m crograph shovfon‘gbtﬁmlab i ?@?ﬂ“ﬁ‘&t atclreﬁsgzg%gﬁﬁ &‘H E:H%)Oquanreﬁﬁ%rated
anterior regi @aeﬂ{at&oaﬁrsrrﬁéenwﬁ{t&mheaﬁxeh%& E@@fd?ﬂxtaf%ﬁﬂfieﬁ'bgéﬁ@ The getg 2C
is an el ectron mcrograph show ng | ongitudi naI and horizontal” 1 s

cross- sect i ondieaq isinserntdd i ng thet mmm}emmmm@@ponpmferablfy rtoepiezal eleetdicaliyer m

crosone. (ac) MHBCHORR o, PRI R BRpof bR nuRRRa RS plts “ifinare,

acr osonal fnen‘qfoaflefreélpalranoxmurph@fbmfedgiéaﬁeffs thenalBlel 69 R o tJB{&ﬁbﬂ&@U”g
(black) mce bornto a CD-1 (albino) foster nother. These y ounﬂ evel oped

from B6D2F1 oc@gtimplaniei énte & wemhohofopepmpthes peredt devstopshntots lvedfspang.kept
at roomtenperature for ;one nonth. after fr drvin C T 2002 6
DETAI LED DEECRI PTI ON OF [0, some kpe éf\lg most stthertan aglnmals mclu%mg humans%

normal embryonic development of the fertilized oocyte also requires the insertion of the
paternal centrosome associated with the sperm nucleus. The centrosome is normally

10 attached either to the posterior end of the sperm head or to the anterior end of the sperm
tail when the head and tail are separated. Thus, in embodiments of the invention, a
sperm-associated centrosome from another spermatozoon may be inserted
simultaneously with the sperm head, or may be inserted by means of simultaneous or
consecutive insertion of the sperm tail. Alternatively, insertion of the sperm nucleus and

15 centrosome may be accomplished by insertion of an entire rehydrated spermatozoon into
the oocyte.

It has been discovered that spermatozoa that are freeze-dried by the
method of the invention may be stored for at least three months or, more preferably, for
at least a year, at temperatures ranging from ambient (e.g., room temperature) to

20  refrigerator temperatures (e.g., about 4°C) without losing their genetic integrity or
fertilization capability. Thus, the freeze-dried spermatozoa prepared by the method of
the invention, can retain their competency during shipping to virtually anywhere in the
world at ambient or refrigerator temperatures, and may also undergo short term storage
at ambient or refrigerator temperatures in locations where liquid nitrogen or dry ice are

25 not readily available. Preferably, long term (e.g., indefinite) storage of the freeze-dried
sperm takes place at temperatures of less than 4°C (e.g., -20°C or below).

The method of the invention may be used to freeze-dry spermatozoa of
both invertebrate and vertebrate species including, but not limited to, invertebrates such
as the sea urchin, lobster, abalone, shellfish, and the like, and vertebrates such as fish,

30 amphibians, reptiles, birds, and all mammals.



During normal fertilization in manmals, a fertilizing spermatozoon ascends
the female genital tract, passes through the oocyte's vestnents, then fuses
with an oocyte. Spermfusion with the ogpgyte triggers activati f

oocyte. The activated 5 oocyte resunes 4r)rgei osi s and oocyte chr oﬁﬂgr@kﬂﬂoz
transforminto a femal e pronucl eus. Meanwhile, the sperm nucleus within the
oocyte decondenses to transforminto a mal e pronucl eus. Fully devel oped
femal e and mal e pronuclei then unite and chronobsones from these pronuclei

m ngle. The resultant zygote develops into a live offspring. The present
invention provides a nethod for freeze-drying spermatozoa 10 that, upon
rehydration, are capgRI e of fertilizing igolated oocytes to produce |ive

of fspring. The freezePgreringionnga ;ﬁﬁ?ﬁﬂ@é@" veptiondha@isprovided

i nvention retain theira gemambrasedianggastiuctfireezepdiasht i aipeemetozobough orwhen

rehydrated they are spurimatasth RBRd ‘diftnginidd o RERANIGHI SRSt Sifous!hen
t he whol e sperm or isolated sgerm heads #Tf% Cﬁ{'}t al ni E&g 1 hea . -
conponent s i ncl udi ng $3ifk SpEEMatezeoq or spermatozhnn igad favin tern fregre-dred m
heads (i.e., retaini g shoiakstareUsveélndf dess thah et¥% mmtlebéinlgs capalile) adtérng
pl asma nenbr anes) of [ i ey directly
i nto oocytes, normal %gﬁgﬁqﬁ?gﬁfgﬁﬁ@%ﬁr‘ﬂ%ﬂ)ﬂ?@%&% g%%'gpb@g%sﬁe?gghvtﬁl ch
can resuit in the prdiadueda live offspring.f spring. Preferably, the sperm head
(nucleus) is inserted directly into the cytoplasm of the oocyte. The
insertion of the 20 erm. head i 1 kRl ect : r . j

el ectrically-actuat eggﬁ?@"& ﬁi %‘S‘Pgﬁa%g@cﬁﬁgﬁ&'ﬂ%rﬁ@?‘ gﬁ%ré\,é?i"éo%(f%ni C
devel opnent  of the f et tinethas afolgtiidng: mapyRalian. ops¥tasy With )i thembrane-

si nul taneous or sequefdmaied Hpefhatizooh 6r Spermatorobnohest, dompriing the
centrosone does not s rviivF_ the freeze-drying process, a centrosone may be
harvested from an un ef ‘sper mat ozoon for insertion into the oocyte. 25
The individual steps and cobesinslive materensRestadonma o a matmmabn for the
preparation of fertilizatgagp&iingttaBt sgdraRlczod ired phpsiologichl tdigipensiga i N
an in vitro fertilizati ongg)rqnceqlure are now presented In greater detail.
Preparation of spermatozo&'® MM der to ensure that as many as possi bl e of
the freeze-dried sperm 30fréeziion thiresuspgssion ofi apIgatogoa hto fghoutfrazes
freeze-drying process of EBErrhEtYﬁB&,j on, it is 19 0 C T 2002 preferred

t hat physiologically mature 'SBeéHat zoa be usecl in the, nethod of thg?
invention. In mature sper ARYiBYo4Ne DERZER SpermAtaror WRds!- i sYacylim, &y 8
cal l ed protam nes. |n mammedisturpr deveeli nsleas e thet 1% v o y feamos freezerdeigdby
di sul fide bonds. This st ag%h}nqgﬁ,zf,ge sperm nucl ei and renders 't hem very
resi stant to physical and ecﬂ] ca é% %sr upt.iﬁan. Cross-|inking of nuclear
protam nes occurs mainly SeRYgling the teege-drigd spEURAINZ8204a ¢ hr ough t he

epi di dymi s. Thus, mammul i svlatieg saebydated nigmbrane-dpnajety spermafdzoan or
ejacul ate (semen) are gengpalhhyicabByR! WeAl! GRhkINMG' & "RrilifatidiAbompesent
within the testis, and are g eferrf LN theﬂﬁ?t\h;ga? o}\ t%gilnvef\r;gé'%g -at

| east in mammals.- 10 Mat uf¥ %H@r% g CRBAMPn Gy datiog, O #Pg: es
are coll ected by net hods -enoisoeldatedt dursyde stpdn adiicroingdréionr to Froduex ambive,
mat ur e sper nmat ozoa of rodﬁﬁtsfm éuch as nouse, gol den (Syrian) hanster,

gui nea pig, rabbit, and the LE i may be collected from caudae epi di dynes;
whereas, in other speciesisolaling a8 asgiigfromp gimilarsnesies o magmmaly ang
fow, I anddt he i ke],c ][rat u_rlihs%m‘:igmt qgsg)a ﬁamm@d_afahfa_ggﬂ E@pmﬁlambbu 1%r

ej acul ated senen of fertile males. Spgernmt.ozoa,of .fi e.qg. Wor, il,
Xi phophorus hel I eri) and ?RV@?@EP%’PeE?aEJBﬁ’ a es@f'ﬁfghpﬂgyﬁ#pﬁ‘gﬁ@t és
gratilla), may be col |l ect tertifizednovbetet est es of mature nml es. An exanpl e of
a method for obtaining spernatozoa froma cauda epididyms follows. A cauda
epididyms is renoved froma mature nal e nouse 20 (approxi mately 8 weeks
a8er birth or older). The bl ood and adi pose tissue are renoved fromthe
surface of the cauda epididyms. It is then conpressed to rel ease a dense
mass of spermatozoa. A drop (about 2 p.L) of spermnmass is placed in the
bottomof 1.5 m pol ypropyl ene centrifuge tubes and overlaid with 0.5 m of
war m physi ol ogi cal nedium (e.g., CZB nedium phosphate buffered saline, or
isotonic saline). After about 10 to 20 25 mnutes at 37C, notile

sperrmat ozoa nay be collected fromthe supernatant.



An exanple of a method for obtaining spermatozoa firomsenen foll o‘lQO. UCTZUUZ
Freshly ejacul ated hunman senen is allowed to |iquefy for about 30 m nutes
at roomtenperature (about 25 C). The senen is then diluted with about 10
m of saline and filtered through about two | ayers of tissue paper to
remove debris. The filtrate may then 30 be centrifuged at 400 x g for about
10 m nutes, and the sedi nented spermnatozoa 19 0 C T 200c 8 resuspended in
a physiological solution at a desired concentration for the freeze-drying
process. An exanple of a nethod for obtai rg ng spermatozoa fromtestes
follows. An excised testes is placed in an erythrocyte-lysing buffer (e.g.,
155 mM NH4C1, 10 5 nmM KH 1:% TI 6F2rl-fEﬁl{A i §d using a pair of
fine scissors, and flltereMmgﬁgmpﬁ“m—mrs—vgﬂgrssue paper to

renmove debris. The filt rEtefilefthiepatestrdontainsgst dedseone dravidtl sxeguted incoldt.es)
and the pellet_is resuspended in a physiol ogical solution at a desired

concent r at i on GR§sr @%émétﬂa%ﬁﬁ‘_t th coler idraveng(sy willnbe provadeds by Hbg Hagd sadof
t he net hod usel‘?atie%ar?fﬂ'ﬁ@éﬁﬁéingl%qmst H@gﬁﬁ%m&gg&es%%éo t han 50% of the

recovered spermatozoa shou e not e spermato SO0 recovered are
suspended 5 n a physi ol odiigate Ihisdiphniogehph @f ivbaninbedabed arhpulps apaaiainigdrector

the freeze-dryjn rocess. Alternpatively, .the spernmatqzoa nmay. under
further proce e&ﬁpoﬂlée WEIBAUAZYe rORBNHA R ‘ﬁﬁeréb@Fﬁpﬁ%Gge??ﬁia&puf%‘s d5edzn
freeze-drying. R8RaNAd Herbiodgrenbr anat ed sperm heads. Denenbranat ed
sper m heads arrréé(%ét ecr gent -geﬁ{ér actoe heads that |ack all nenbranes,

i ncl udi ng the pl asma nerfigare2Ans ai phoemiarographt eff freeze alsedahowsendpeaneszoabut

retain the nucl eus.and perinugl ear terial. For exanple, sperm heads.may
be 20 demenbr awa%f‘é‘eﬁtgly Ae IYARION: (hhe-ProRBfioncoR sr T Heads MY iails OBRish

(sodi um dgglec I €an bR S5 AW ainful t ant
that is wﬂgel ;Jr%k;égc}g?%r ?eg%bam%%r}m% arrlllgy \églfé&%ﬁ n%iqskdu %lb%r%g%féenfg?egri ng
condi ti ons. SkBring stomageni oni ¢ det ergent used to sol ubilize various

proteins, including nenbtane B otein

. In the nouse, sperm heads.
demenbr anat ed by using THeEEh“R- B0 ﬁﬁ‘i}@“b’é‘é‘ﬁo%rﬁgﬁﬁh?%g‘@ea longitudinal cross-

section through the anterior region of a normal sperm head that has not been frozen.
Figure 2C is an electron micrograph showing longitudinal and horizontal
15  cross-sectional views through the anterior region of a freeze-dried sperm head after
rehydration. The plasma membrane (p) and contents of the acrosome (ac) are missing.

(ia) = inner acrosomal membrane, (0a) = outer acrosomal membrane, (n) = nucleus.
Figure 3 is a photograph of three young (black) mice born to a CD-1
(albino) foster mother. These young developed from B6D2F1 oocytes injected with
20  B6D2F1 spermatozoa which had been kept at room temperature for one month after

freeze-drying.



25 capabl e of activating oocytes, |eading to normal enbryonic devegogngrq]'az[]ﬂz
An exenpl ary nethod for denenbranating sperm heads follows. An aliquot ™0
sper m suspensi on, prepared as above, is sonicated. For exanple, spermatozoa
col l ected from caudae epidi dynes, testes, or senen, as above, may be
suspended in 5 mM BMbuffer (75 nM NaCl, 24 mM EDTA, and 50 nM Tris-HC, pH
30 7.2) and sonicated for 30 seconds at 70% 80% out put of a Bi osonik

soni cator (Bronwil | ~90CT?200 9 Scientific, Rochester, N~ Over 95%
of spermatozoa are decapitated by this treatment. To denmenbranate the sperm
heads, the sonicated spermsuspen5| on is centrlfuged at 700 x g for 5
mnutes, and the pellet igpyas & I\;eated at room
terrperaturefor 5 mnutes WitT 9 1T X- 10C T m (NIM medi um
5 consists of 123.0 nM mnnanﬁmrdl/lfbimﬁbandh 81 rd‘dkrhhMQP‘Okmlhzmgmybiﬂxﬂmn 3
mM Na2EDTA, havi ng g of 2% The he slbﬁl then rinsed thoroughl thgn th
NI M nedi um ands¢@ %@'ﬁ Fradla epmit Bé“rtfﬁaéif‘ég}gﬁg € PREYIE SV EHMSAE ’& S5H MGy

the freezedryi c tr?%% i i p n
for freeze- drya?%gi%e gr matfééz? ?or cfgng%br gf% %s}g)grm 62038236 gﬁgaétﬁ;g}oegnded
i n a physi®l ogiocytk resamgs mamstshmﬂ ooeyts chfontisenies transfoymp a1td atférmale pragicleny. of

at least the n cIe s of the speymatozoa under normal conditi The
sol ution shoul Hileihe shreBASIaht WIBIRIES SRS HepoRtensesiartraps oy ity male

osnotic press?r@n@%spﬁullg Bé“fe@odeﬁ fé}ﬂrlé%a'nfh@é &o%&b%%ﬁ@m%ﬂB ds the
survi val of spernmatozoa ani mal species. For exa a suita

sol ution for demn thesépronsgler miatghz GEhd resiHanaygote dwetdpsaxhtomthvb off3Pring.
mlli-osnols of osnpbtic pressure and a EO al ue oK/g{ut 8,2. Seawater

however, will kill nammel TeRCEPEPKEon EOvIdrSARE ?ﬂ SRR SN ESPERRAIP# R0
require ajeol L{Béto'ﬁ Bﬁ\fb}ﬂgirﬁfbno%i@Eé bﬂ:r &6 fHifizi W% IS o%gﬁefxnd) Iﬁrotﬁx%@ﬂiv% and
a pHof 7.0-7. B sofutio however, uld kill Sea u

sper mat ozoa. qufspn@v ”ﬁfe frdeee-mmmozdarpeochmscpbylmemthmhbfum ingention retain
sper mat ozoa rrugt be sel ected agcor ding to,the sgem es .of |

rest,
according to CRSIF &EpefiG ARd repraduglive RATERIR! eyeR HBQUehs RYlenete Iyﬁra{e%ie they aregych
sel ection may [&isHES afd "Bl iy AU nSSRRIMAIRALAL Whrén tlﬁe&ﬁbﬂ%%g&%or 1solated
spermat ozoa do not have to be nenbrane-intact (they can be
order to succepsimllepds ¢, tontanmgcslt dsadconppratts amludingrthe |rmc}eos)a@s theut e

requirene for a cryopreservative uc cerol _or the Ii inthe
tapenst o oS, PTG THe R R At S S SR oo blia ] Henpgelge
variety of di fhgeliang & 15@@1&@?&%& maﬁbﬂaﬂeg)g)f tﬁé'fs%é}ﬁ{atdzbﬂ‘otf‘%ﬁ'e irfvefliGs Gre
anmpul es or plastic cryotubes (cryovials T 2002 to which are

screw capped, iajected élrsﬁb'pewgiooﬁemynbd artidizptiomanst geibryenic dgvelopmentigicews,
fol Lowi ng. o (48 e PLORRSGallBiondSt B52ulie, 2 PRAAST, 62LA ni

heat, or with nylo spe ead pac

i's not criti ca(huclIys)n@aiskued dirselyUR® mfs cpldsnbOf HeGoRltel SThésiRgertion af a'lem

anpul e. 5 Freeze-dr dg of sperm
20 sperm is by microinjection, preferably by piezo -electrically-actuated

microinjection. As discussed further below, embryonic development of the fertilized
oocytes of some species may require the simultaneous or sequential injection of a sperm
centrosome. If the centrosome does not survive the freeze-drying process, a centrosome
may be harvested from an unfrozen spermatozoon for insertion into the oocyte.

25 The individual steps and substeps of the methods of the invention for the
preparation of fertilization competent freeze-dried sperm and their use in an in vitro
fertilization procedure are now presented in greater detail.

Preparation of spermatozoa.
In order to ensure that as many as possible of the freeze-dried sperm

30  retain their genetic integrity throughout the freeze-drying process of the invention, it is



The suspension of spermatozoa nmay be frozen slowy or quickly, by1k90%T 2002
means. For exanple, the suspension may be frozen in liquid nitrogen vapor
or in the refrigerated air of a nechanical (electrical) freezer by nethods
which are well 10 known in the art. Cooling and freezing nay be
acconplished wth a manual static or stepwi se regine, or in an

el ectronically automated and programed |iquid nitrogen-fed system Various
rates of freezing (e.g., 1 C25 C/mnute) nay be enpl oyed. For exanple, the
freezing step may be carried out at -196C for 10 m nutes. Various nodif
cations can be used in successful vapor freezing of the 15 suspension in
straws, anpul es or cryotybes, A netal container ani ster) with_cigar
tubes, or ot h@Fefﬁ’SP‘ﬁé}%‘g %YFW@?%{M@FG ﬁPﬁrH@F%Zoér ¢ ugedsinpihenmsthed | dsther
cryotubes, canagiBhachlndivk® Shdnhaldibt DNAIClaBobbRACH i A ity Ol
liquid nitrogen refrigerator. ying of the frozen sperm suspensi on under
vacuum nay berctarmorpl Inshadmials, provamined are ektedsit &l cesss-1mksd bydiskdsrbonds.

those skilled_in the art. For 20 exapple, a known apparatus is a VirTis
model 10- 020 @J\wsr&ﬁr%h?ea.th,e SeeIPHRYcle! @%Serwgn@@%@ﬁﬁaahwipiww@ad ehpmycal
moi sture levelgidhigiod. SCliRsSinkitg b hus héeul § Lhat e
noi sture | evel 1be Ioessct han O. grlb %uc/%or pre gsrg c|u§/s$ gfslgytahgﬁé g?ourlogjﬁhgand
especi al | y | esperintaaorod. 060@h the cpibdymist alhes, mammaliae spemittozod withinntheozoa

is preferably v um segl.ed, or sealed in the presence .of an inert gas,
Such s i tr GBI 378 5 GitctlateeaHEn - ATe SRR RO GBCHGBEE Befe) e
sper mat 0zoa ahRydReiiihaht Yeshd, On@%rd Prefdieddfltke nf dﬁ%%’?@ﬁéjin%ﬁtg%rﬁlai‘[@aﬁqﬂ‘

foil, or the like. For long termstorage, 1t nay be 30 prefer y to store
t he cont ai ner snagomaksnperatures of -20C or less. It is expected that, ~9

O CT 200F, 11 |i ke conparably freeze-dried bacteria,, fungi, and e |ike,

t he fregzg)- dried sperm %e@@spmqtozpé?rgphlnf/ﬂéqcbrrata%q{@ﬁegegm grs ‘f‘i’{é"ted H)y

i ndefinitely ypdgsdsthE®A tShBEEKRIRGH HelahtO RSy eﬂéﬁﬁﬁéﬁ%atu:%@ﬁerﬁﬁf&z@é Bfldefi&n be
stored at anmbient tenperature (e.g., roomtenperature) or ordinary

refrigerator tseelpesaneuse, galden{Sy@n) homsieer gwnka pifg, rabbit, iand dhe dike, mhy tbar ee

ths 5 with | Si t. bili f.the f -dried | ei
Lo fortilize QBN oR ERihg pe bR bhirs if Pliar SHGoh tich B CHPIE

Wit hout the naeRs bulls,o8kts IR, add the like, mature spermatozoa may be isolated from freshly

15 ejaculated semen of fertile males. Spermatozoa of fish (e.g., swordtail, Xiphophorus

helleri) and invertebrates, such as sea urchins (Tripneustes gratilla), may be collected
from the testes of mature males.
An example of a method for obtaining spermatozoa from a cauda
epididymis follows. A cauda epididymis is removed from a mature male mouse
20  (approximately 8 weeks after birth or older). The blood and adipose tissue are removed
from the surface of the cauda epididymis. It is then compressed to release a dense mass
of spermatozoa. A drop (about 2 pL) of sperm mass is placed in the bottom of 1.5 ml
polypropylene centrifuge tubes and overlaid with 0.5 ml of warm physiological medium
(e.g., CZB medium, phosphate buffered saline, or isotonic saline). After about 10 to 20
25 minutes at 37°C, motile spermatozoa may be collected from the supernatant.
An example of a method for obtaining spermatozoa from semen follows.
Freshly ejaculated human semen is allowed to liquefy for about 30 minutes at room
temperature (about 25°C). The semen is then diluted with about 10 ml of saline and
filtered through about two layers of tissue paper to remove debris. The filtrate may then

30 be centrifuged at 400 x g for about 10 minutes, and the sedimented spermatozoa



conditions or bul ky containers. Rehydration of freeze-dried sperm 35# T@ueT 2002
freeze-dried spermpreparation is preferably rehydrated by addi ng

wat er, the volune of which is the sanme as the original volune of the sperm
suspensi on before freeze-drying. Once rehydrated, any physiol ogical salt
solution, such as 0.9% saline or CZB nedium (see below), can be used for
dilution. The dilution volune is not critical. The concentration of
spermatozoa in the final rehydration 15 nedi um should be sufficient to
facilitate the retrieval of individual speym or i ndi vi dual sperm heads for
pur poses of sperminj ection into oocytes,” as descri bed beI ow The
Incidence of oocyte activatio nar mal fertlllzatlonf 0 erm
head inj ecti 6??%&;98&? '3 v eAb o p AET s PR Aen for (B8 roclerdrying
rehydrati on. & lowable tinme period between rehydration and inj ection
may vary bet en speC| es; 20 however, as an exanple, this tine period for
nouse spernatozoa i s preﬁmcmhipﬂeofmanbthodfwrobtaﬁﬂsg sp‘etmatozmmﬁmbmtmrfomvé.on

of rehydrated, freeze-dried er.mat 0zo Free e-dr r ehydr at ed
sper mat 0zoa ar8NSEASHhEESES IS Rlpcs iR § OP}‘FE ?253“%13%&%?62&35%¥ Ne.Gkdlssed

by using any st Riged et A0 EDIS, Jis 7cza@aphﬁme£d %ﬁg aoui éhﬁﬂe sQSdorEeRd
spermat ozoa that are, ¥n the conventional 'sense, e or dead. A sui'table
comercially at‘\l@rddabtoelghmhémtltwt)wytemf tissue Paper tosremiome tekaris. riﬂerﬁltrete i then

Li ve/ dead Ferti Light, ava ble fro Pr.obes

whi cho g1 or eSS EEadoR X auhEbarEe BENES restineptst drp i itngea
nmenbr ane- danaggrhticH aasl desil |c§n&9tr§t€&ﬂh$régt9m§tfbn3fof {Hé(ﬁe%ié’-ﬁﬂﬁfﬁg pRkE|rn u nder
a LJV mcroscope after stainin C T 2002 12 propidium

i odi de/ SYBR 14. The nucIRengatdﬂess pf the’rneﬂpdrusad tor peepaiatinn ohthe sperplatoszs, more

menbranes. flugresce, green, whereas those ead". spermat ozoa fl uoresce
bri ght or]a{)ngetﬁaé'ﬂf()/f’gff r@?@ﬁ'@?fiesae%?zoéfgo‘ﬁfl EMPHS am ned sper mat 0zoa Wil |

be "dead” in the conventjRRBmBRIELs0 recdVeddl Fe ﬁﬁpén?le@npi‘ﬂ{ﬁml&jl@ﬂﬁﬁﬂmf
representative freeze-dried nouse spernatozoa i nmedi ately “af
rehydrati on. Tescriteddselemdin preparatibn Somthes ﬁwz@mmaprac@ss ebhcmaewhly,Tﬂne

proportion of tozoa W n_or m SSI t.ai,l v dependj ng
on how gently 8? ?@‘?Irﬁ}ayd?"?dte?ago B‘@E‘le%rﬁgesﬁ% R &1’%8“@5?\ ?ﬁj’ %fi ﬁlﬁ‘g.ﬁea‘fs
Sper mat 0zoa Wﬁrﬁrﬂ{fr&zb et ails are used in the injection procedure
descri bed bel ow. 10 The di f?erences between a fresh (not freeze-dried),

| i ve sperkatozoon and the spernmatozoon freeze-dried and rehydrated by the

nmet hod of the l&gégﬁtdo?nnoﬁ &54&3%{@ gﬁ'gl& ures 2B and 2C, respectively.

Each of these uresr cross-ection through the

anterior region of the spanémibramded Netrh Begh at&&térgeﬂzeeuwte@ﬂeadgﬁmwcataﬁd
sperm has retained the nucleus (n), a portion of the outer 15 acrosonal

menmbr ane (oa) mgBbrangseincluging she plpsna merbrane anskignerand erist eﬁﬁesomaémembmnﬁs,t he
pl asma nenbr ang, Gaﬁnatﬂg nh&%usCQﬁH éHrﬁlcféfar E@f’%ﬁ? ;%895&1?&8) &éigﬂ? pehe

reci pi ent oocytes Recipient oocy es nay i ne
i nduci ng 20h andeneinbzdhated byuteamtent with Juiver Xoh00!vaitieorbyithaut SﬁS (@ﬂdiumf dodecyl

gonadot rophi c h nes. (f exanpl e sequenti.al, adm ni stration_of equine
and human chorRHAie Sr Q9plﬁ.an\§s KRR BpBrienr shERrcradthatds ardelyivge foal

ova shortly affgl $bvdl 3¢ il COm bﬂ@gtﬂfnd ﬁﬂnaaéngﬁiﬁﬁg cgndltu%rﬁ @ﬂg%&n@

inj ection of human chorionic g trop|n|nt nmouse ternative
ovari an oocyt eleteagant eised &xsaobidinel varidusiprewdins) ircluding wrentboars ﬂammmshehr the

maturation, as is 25 known ,tqQ those skilled.in_.the An exampl e of
preferred cul tBPECnsRATTRGaS fAemem réaat%BVé’sglgnje‘HPH r?f1 @&&M‘V%Bﬁﬂ t8Pewi t h

bovine sejsim alagauTe afémn Sreaalgg% }em ryoRic aéveﬁ,@ﬂxeﬁt M
Mast r opol o, Devel op. Biol. 62 54-16 1994 nouse oocCytes.

An exemplary method for demembranating sperm heads follows An
aliquot of a sperm suspension, prepared as above, is sonicated. For example,
spermatozoa collected from caudae epididymes, testes, or semen, as above, may be
suspended in 5 ml BM buffer (75 mM NaCl, 24 mM EDTA, and 50 mM Tris-HCl, pH

30 7.2) and sonicated for 30 seconds at 70%-80% output of a Biosonik sonicator (Bronwill



19 0 C T 200F 13 Sperm conponents necessary for successful in vi trqg DET 2002
fertilization It is known that, in the nouse, normal fertilization can De

achi eved by injecting isolated sperm heads into oocytes, and that the

pl asma and acrosonal nenbranes and all tail conmponents are not essenti al
for normal enbryo devel opnent. 5 The nouse and, perhaps, nobst comon

| aboratory rodents are "exceptional” in that a spermcentrosone is not
required for normal fertilization and, during normal fertilization, the
sperm centrosone in the neck region of the9 spermat ozoon i s destined to
degenerate wthin the oocyte after fertilization. In contrast, in nost

ot her eutheri gn | s, inclydi tle and 10 hunans, t sperm
centrosone pl S%@g&%‘?ﬁa}eﬂm (ir)]%rtg %;é’ of SPTRIEIoER? @F@F@‘tﬁﬁeaf’éﬂf]ﬁﬁm"é@e%i ch
are essential TB%EmEBBEaHQﬂe% @Eﬁﬁéﬁ;@ﬂ&&fdﬁ?&a@&h@gﬁéﬁ@ i@GenWtlibed 706" the
subsequent cl eavages during enbryonic devel opnent. erefore, In"these
speci es, the g fooduninutes, afd thetpellet is pasmdwith 8 bulfenat)d thed tzated at ramo e
into an oocyte seens to he essential for th oduction af no X

of f spring. |tt?@‘iﬁ%}?r%ﬁ’é%méﬁ“t?sh%‘ﬁtli}?r&“\megh n h‘@e‘gb%‘r MLWS%

fromall gpecigsikadt b@g IOVWET,Q%WNXCD 9.8 thiM NQH@P@%QQW%(QUW”

unfrozen Spermnust be inj ectéd Into an oocyte together wt

freeze-dri ed NagEDTieddvimgor dHroft 2} eThe deadsr aralthentinsednthoraighlyl wishaNIM

I ntroduction of .excessive nu rs of centrasone however, .would, result in
wbnormal  pr onDHXBT SHLUSHIAGH MR SIERRST IRy i BrCBHPD LRGBS The
centrosone i s RRRFBIJcYssat tached either to the posterior end of the sperm
head or to theanterior end of the spermtail when the head and tail are

separated. Thus, the spermcentrosone nay be inserted into the oocyte

Si rrultangﬁuslﬁ wi th the_sperm hgﬁ? . or may be inserted by neans of

si mul t anedus peripatozed SPRRensiooMedian of i he spermtail. Al ternatively,
insertion of the sperm QHE}eﬁbﬁti&Pf&r%E%efﬁﬁﬁ?sp@ﬁﬁatbf‘oa%ér &éi&é?ﬁﬁﬂn&a’ié&?éﬁeﬁd
insertion of an entire renydrated spermatozoon into the oocyte. Insertion
of sper mat ozoheadspire auspended in e physialogical selutien tHatisenfficient osuppmat the ovegrinn be

i ected int I th i ent O , :
whi oh the spePhAEEbLe R e HERn RSPt BREhLose bsd TR a st syl
preferably inpgabanetd AR kbMtibmivith ahRagt ¥ sQRIbAS SeniticPréstideRh@ PH. ADEM!iSndY
19 0 C T 2002 14 a mcroinjection technique. In a preferred nethod of

mi cr oi nj dét i osingle racdiumyvhich ean suprortthasuvivelofisperpatazoedf albaamalspeciesedos per m

heads into a recipient . te .t iezg.electrically-driven .m Gropi te
s used. A surtae rafBiescRuion B fathiif sbietdd iiehvukhdnl SeRRLYE o
Pi ezo S M cr onni-pashals 6f shRiePrdssiraahd HpHURNIYlabst 8. | SEawhRe hoktedler, will
(Tsukuba, | baraki-ken, Japan). The unit utilizes the piezo electric effect
to advance, i KithmamypaNancspsrpapraadinstantly. MaatAglian speEmgtpEgacieaish} spiupert e
hol der a very t,..di ! P I 0. The Siky
duration of eggﬂlﬂguapgdéﬁi:oglgﬁﬁeesg%rcftg%bgﬁ%‘ﬂa%éﬂr%gw af”c‘adclta]%;}/1 gitg'g%é'oFaun?t.
10 For i r@0ect isolntiontwwaver aoyildkillaes urbinespspratordadozoon i s aspirated, tail
first, into an injection pjipette having a short, flat_tip with an inner

di ameter of about 5 pm HBY§Gef the foregoHige ths supreasion spgdiym Lok spgiraaiozns; must
according to L i: : C e
separ ated by tgpg)g?l&??%g%sgl&n%ﬁaéﬁ %@Egﬁ g@vﬂgf%ti gg%ﬁ?lgggg %Qx?ﬁ@aﬁ%gﬁe?e%?\g%
The head is t hethose shillediacid art.i Siich seloetioni mat bemadswithow ugdedxpertiraentai@ct | on

of the sperm head (nucleus), the oocyte is anchored b convent j ong|. .

hol di ng pi pet Pa“ls%éﬂ‘f FRP"B‘P*OF%S‘P HP'E%’(VF(S?IEBW Tang Cé?‘HFhﬁa‘hg%g@%égbéH
sperm heags | s oRdep WdflccesShly faHtiliPBddeyfe® BY fGbctitint thetdis n%%B?ol%lrl:(gﬁ:‘eﬂﬁnPforan
oocyte and several piezo pulses (using controlier setting scal es of
intensity 1-5acsyspeekervaliye,aueh apglycardl arahatike ng thet Suspamisipatmediuvhi | e

mai ntaining a |ight negative pressure 20 within. Wen the tip of the

pi pette has passed through the zona pellucida, the resultant zona plug is
expel | ed int optalaﬁagﬁgi vitelline space and the sperm head is pushed forward
until it is near the'tip of the pipette. The pipette tip is then apposed to
the pl asma nenbrane and B spared s§spensiord maye bopplecsidt inté sac aranéty t dfe didteripge)
and the ng) ol ngnALR! he Al OBl ASAENGD o DcORREEE §r Sl QoS ESvaly

t he oocyt®e.




25 nmenbrane i s now deeply invagi nated around the tip of the inj ecti‘pg []CT 2002
peed

needl e. Upon application of one to two piezo pulses (intensity 1-2, s

1), the oolemma is punctured at the pipette tip, as indicated by a rapid
rel axation of the ool emma, which may be clearly visible. The spermhead is
then expelled into the ooplasmw th a m ni num anount (about 6 pL) of
acconpanyi ng nedium The pipette is then gently wthdrawn, 30 |eaving the
new y introduced head within the cytoplasmof the oocyte. This nmethod is

~ ~0 ~ ~r 002 15 performed briskly, typically in batches of 10-15 oocytes
which at all other tinmes are maintained i dOculture conditions. Alternative
m croinjection variants, in which a conventional injection pipette is

enpl oyed, nmay Weichsedsarewicapradt os fhersuspesaids . manbedmmpl intoplasticsiravsoikich,

m croi njectio t hod, enpl oyi ng _a conventi onal, . pi pett for injecting.
Sper m head | ntBIRkHE f FRAA roeSa s asger a5 soaagescarde, S ikahar Rt
R, Perreaul t,nyoPphglRd 6 vofhié Hredpem BuspedeibnOin ERAT P4UELd ¥ nbdt crifd- 447
(1991), the disclosure of which pertaining to such nethod iS hereby

i ncor por at ed biypicallyy @MelemeNf@boutrfi0el0i in1sofsed rea 2 pelrampwdead/ denmenbr anat ed
sperm head.of fers 10 several advantages. First, sperm head delivery by
nicroinjec%ion is applicable to a wide variety of spermatozoa types,

i rrespective qf,-egieze,ymgbp gy, and the like. Second, mcroinjection
allows carefully controlled co-injection (wth the donor sperm head) of

addi tional agents into thae suspynsioraef speomatones wiay dedronch estaivly rrepidkey) by
These are exe%i fied below. Thirﬂﬁ: in the enbotgéztgent 'O{l' t‘JLae { nventi on
wher ei n i nser t1 91 OFY e Y5 PR m HSHP TS OBy P T80 R t AHCN 98 taRat ¥
m croi nj ect i ony theRifig@Aetdefir 4Cd MBEhaRIALQIihlfreczd B ARtHods MHIA! A8 Gvell

t hereby reducing trauna to sperm and oocytes undergoi rig mani pul ati on. The

oocyt es 0l0 sonosynanithe arte Cgolingrand fiyezingemay be acnomypibisked withiagnaiua) ssatid om
usi ng conventignal. needl es,. whereas pi.ezo electrically-actuated .

M croi nj ect i or AMFEE Ri ’é’ha"setlj%%gglgalfya?ué?mﬁtﬁ Hb‘fﬁ’f\?ﬁ%f%e q“l“ﬁ?‘t"i%?’}'gﬁl
oocytes It is dyseM) Vadbud hesBTUBRzRR(¥IE CT2HEC/Afhut¥pHRAY vYerhplbPsd. | Péy Of
a single, intact nouse spermatozoon or its isolated head. |solated sperm

tails are unatf*empls, the freeging stopemapbg easriehont el Yp by for BB mmiputes.
ound spermatid nto t e SnebansiRRRREbs Sied i HPSe LD B8 e e, "

round spermatid into the sperna

hi ghly spesi essusp@ionii sea®aUaRpUTRLISECTONANES SA ah@alodontalindraBarister) WitCéigan of
spernmat ozoa from foreign species, such as the hanster, rabbit, pig, human
and even fi sh.tubes, acethgrdoldersyish seaws, waholdaws o redks adth ammpulesorfcayatabes; eany 33

 odal on o1 Kbt o u RN ARALEIE SO A Bl
mature (hanmster) spernatDrdag of giemfilogerf rsperf N@spension under vacuum, may be
accomplished by a variety of different systems known to those skilled in the art. For

20  example, a known apparatus is a VirTis model 10-020 (VirTis Co., Gardiner, NY). The

suspension is dried to a moisture level that is less than 1%. However, it is preferable

that the moisture level be less than 0.01%, more preferably less than 0.001%, and

especially less than 0.00001%. The container with freeze-dried spermatozoa is

preferably vacuum-sealed, or sealed in the presence of an inert gas, such as nitrogen or

25 argon.

Storage
The containers of freeze-dried spermatozoa are preferably stored in the
dark, or wrapped with aluminum foil, or the like. For long term storage, it may be

30  preferably to store the containers at temperatures of -20°C or less. It is expected that,



19 0 C T 2002 16 and thawi ng. Besides oscillin, mature spermatozoa$®pr@8&T 200
to cant' another activating factor that is not readily extractable, but my
be obtai ned by sequential treatnent of spermatozoa with Triton X-100 and

SDS. It is not known whether the readily extractable oscillin and the
&eeze/thaw extraction-resistant factors are biologically and 5 chem cally
identical. It is known that sperm heads sonicated in the presence of Triton

X-100 | ose all conponents but the nucleus and perinuclear materials. Yet,
when microsurgically injected into oocytes, such Triton X-100-treated sperm
heads (having the nucl eus and peri nucl ear Hateri al S, but no plasm
menbranes) can activate oocytes 10 as efficiently as intact spermatozoa. As

described in tlﬂ@@ma;ﬁbbsfrmedmd bactérisa 8mngi, and He likeuihe fres@;’edmdwena nuclei
oocyte-activat] ns cul es .must t.ant t freeze-dryin ause the
o or ity of e st B it by tdenRel? Aot s S el ot 0ar HAVERr m
heads were act inabRfin&Read 6 Stbredl ZEMBISKTEMptatuieelef, rb&n@érﬁ;%ratﬁﬁ?ﬁf &rdinat}e

i njection of the sperm head does not serve to ivate the ooc
activation mayrefiageratot a&r@elzgtulpa(tabmnb@rﬁoc pm&@ﬁSSQf Bme hn ascetsy of three months

el ectroact vat| 0 ecti.on e oogyte-activat.in bst an es,
or “tranater  of vitheutsa oS e L iR g SrETLp g Fertitiae ok
oocyte-acti vat TR e kb Stha Hesse- dﬁﬁﬁ%hscaﬁaﬁamlsgaf wnﬁ&w 1k MecRBITAF YRENY
stinulus (or comnbination of activating sti mul 20 i ncl ude, but” are not

linmited to, spemditionsoepbulkyicontaimeisvating factor, and certain

phar macol ogi cal conpounds (e.g., Ca2+ and other signal transduction
nodul ators), which may be i nt roduced by m croinjection after, or
concomtantly R'ehiﬂra'tnﬂh%ﬂ‘ie@ih Qfied b?,ﬁ,per m head. Some activati ng stimuli
are provided followi ng transfer of the fertilized oocytes to nmedia

cont ai ni ndOone or rrenberEh@freezesdmdﬁpmprea@mamaus prgfesainy srhydeatedlsy adding

i ncl udi ng stlnulators caf f.ei ne iaon ores such
he A 23187 ancPrBneHge the Vet iRERE BosmEas ¥ SRntbinbE o gs phem
signaling (e. dsusp é’rﬁan"B'éRHé fr8&ze- cﬁryla I OfEdHeh atedr@xy%ﬂbslﬂﬁg&hrﬁlt,soluﬂbh Buétpr s
of protein syntheS|swé ., A 2318 cycl ohexi m de), 6-di net hyl am nopuri ne,

or conbi nati ongs 89% paliner B ,nged(tgn dsee IEIQW)mé{imW apechiop dilutien.a e dilution
| ononycin) . I'n, g n%glcn 104, th?nceﬁt\‘%fB perm zQa % @eﬁ?ggl xjeﬁ'ﬁdratlon

activation of ITDUSE ocyt es’1's achreve ure ours

Ca2+-free16ZB frdiuiighoaldtt@isaffitientto fad;matévdhsﬁramemwhmmeﬁm spérneoiihitizsduab
produce vi able fetuses and offspring 5 Follow ng pronucleus formation, the

enmbryo may be srermdieads forwpwmwé Q§ﬁpqnn injectign Ht@ §o¢ies, as descapbed blawe or
mor ul a/ bl astocyst stage, ¢ %%ggk%e%?e %gﬁ aﬁbscmsx AR LASHG! FRwidl O

t he ovi duct or uterus of a
sperm head injection appears to decrease with increasing time after sperm rehydration.

The allowable time period between rehydration and injection may vary between species;
20 however, as an example, this time period for mouse spermatozoa is preferably one hour

or less.

Microscopic examination of rehydrated, freeze-dried spermatozoa
Freeze-dried, rehydrated spermatozoa are non-motile. Viability of the
25  spermatozoa may be assessed by using any staining method that is capable of
distinguishing between spermatozoa that are, in the conventional sense, live or dead.
A suitable commercially available viability test kit for use in the invention is Live/dead
FertiLight, available from Molecular Probes, Eugene, Oregon, which differentiates
between plasma membrane-intact (live) and plasma membrane-damaged (dead) cells

30  according to a fluorescence pattern under a UV microscope after staining with



Si nul t aneous I njection of Biologically Interesting Substances Wt Hi gp{}@f[' 20[]2
Heads 10 In one enbodi nent of the invention, mcroinjection of the sperm
head into an oocyte permts the introduction, prior to, during, or after
the injection of the spermhead into the oocyte, of one or nore agents with
the potential to alter the devel opnental outcone of the enbryo. For

exanpl e, ribonucleic acid (RNA) or deoxyribonucleic acid (DNA) may be

i ntroduced into the oocyte by mcroinjection prior 15 to or follow ng
injection of the spermhead. For exanple, jhnjection of reconbinant DNA

har bori ng the necessary cis-active signals may result in the transcription
.of sequences present on..th i-aant DNA hy. r.esi -in] ected
transcription W%‘?b‘?’% ,‘°%%ﬂﬂ§¥?§§ggge © neufgei}lg\ogs%ﬁ(‘)/% %#qu‘ﬁé"&géa&‘ glr br{géecﬁr?iaswat h
an ant agoni st irerfibfaféd fl0BreSRY o) nPidredsthbdel 600Ydealiaepettatoz0n fWokdicé bright
positive effect on enbryo devel opment. 20 Moreover, the transcript my
possess anti sensegearedi | isyexpepieddiet sHafabe exuaiaed sraeaazep it bei "deadsiin dey
proteins. Alternativel ti sense regul ati on nay be achi eved by inj ecting
nucl ei ¢ aci ds c(og?le tho&afs%g% vatives) that are able to exert an inhibitory
effect by gnteracting di Fipaké YAV bphbldiiroptiph @if eepredettatine grbsd-dMéd Mouse
prior transcription within the oocyte. 25 Reconbinant DNA (Iinear or

ot herwi se) i ntspeomaiezbaimmediately aReraeldratinn. iThedwrdoandails e 4 spsrrgatozoa

the control ok SERGer MERPorTR 5 safteFeaRh HiFEREHen bt PEl-2ls BROSaY "

devel oprment al @pRAGAS I ANheW PehllE or fOightx Afipd Spedimeny b RirRiledtigtivig Stofage!
i medi ate, but _brief expression where that pronoter is active only in the
early zygote. SErmatozeriwithar woutia)ls are ysed e ipigetion Pressrire dessribed pslow.

enbryoni c gevel opnent, o . i ) ty:
genom c | (ljgl , to be stab ye drlféi%eﬁ%egtb g%?’ﬁ%%%%ﬁ%@?e%%&%@éh‘%g ﬁ?%t%éﬁﬁq ng
transgeni ¢ i ndtheisgermhatozodvnoficczedbied iafe rthydoi¥éd dynhie rmiethsd ef ahelimgntiod atd ve

"anti-aging" proteins, such as_telonerase or superoxide disnutase, may be

i ntroduced i ntidlustrated it Figures 2Bi andA ) resnectyely AlBash withese | Kjgures sepreseBtad ns
may be i nject | RV . i gl he
met hod of theel;aﬁgig%ﬁfagﬁ%ﬁ%&ﬁﬁ%k@?ﬁ%&ﬁ%&? l' lbe%mxﬂ\gfetﬁ% sp??er%g' f@%ﬁﬁ{u o?ﬁ es
injected with freszenisiet] téhgdratgdesgenn diak ectaimpé th@hocleas ()N agmirtiore of e outke
exanples illustrate the devel opnment of normal, m ce from nouse ogcyjes 10
inj ectedlwit haqrw@ﬂwim@b(m@ jayd B POFIOR G LT GEFORBRLABTRPRRSI e e the
sper mat ozoa t [ theQeRsb RSN atdhm&sigbout 25 C) or
in arefriger Z@gﬁlﬂ%gﬁgﬁ?&f%’%ﬁtg@g%@%{ﬁgfjsh%en{sqsgnwrreai um pl‘sl r to
freeze-drying was either CZB or DVMEM described bel ow. The exanpl es

descri bed here,'t are jntended to be only exanples of 15 oocytes and

spermat ozoa fr 5‘?F'B‘ﬁf‘frﬁ‘_?°y Peci es, spermsuspending nedia, freezing
protocols, storage condi k'eaa&m6o%9ee§iﬁﬁy'beebﬁﬁféu,afor%ﬁlé%glihming Rpinifmy be
used in the process of the Invention, and are not intended to be limting,

as ot her @fanploesvidite erisupié¢rmendate bf injeetiangod rgonadotraphichemrysaics Yfopgxample,
recogni zed by tho§ﬁ. ik' |led j.n the art. 60 Medi a. and re enths. AI(I1 ical
i nor gani ¢ and SHREHial AdrpiRETatoR of sdpine 30¢ BymeLenqriogif sgngfatrophins) and surgica

harvesting of oviductal ova shortly after the expected time of ovulation (e.g., 13-15

hours after injection of human chorionic gonadotrophin in the mouse). Alternatively,
ovarian oocytes are collected and cultured in a medium to allow their maturation, as is
25  known to those skilled in the art. An example of preferred culture medium is modified
Eagle's medium (MEM) supplemented with bovine serum albumin (BSA), as described
in Downs, S. M. and A .M. Mastropolo, Develop. Biol. 162: 154-168, 1994 for mouse

oocytes.

30



Chem cal Co. (St. Louis, M) unless otherw se stated. Harvested ooepg eeCTZUU
were kept in CZB nmedium (Chatot, et al., 1989. J. Reprod. Fert.

679-688), prior to sperminjection. CZB nedi um conprises 81.6 m\/l 25 NaCl ,

4.8 MMKC, 1.7 mMCad 2, 1.2 mM MyS04, 1.8 nmM KH2P04, 25.1 mM NaHC03, 0.1

mM NazEDTA, 31 nM Na.lactate, 0.3 mM Na. pyruvate, 7 Um penicillin G 5

Um streptonycin sulfate, and 4 ng/m bovi ne serum al bum n. The nedi um for
oocyte collection from oviducts, subsequent treatnments and

m cromani pul ati on was a nodi fied CZB cont 3h]ni ng 20 nmM Hepes, a reduced

amount 30 of NaHCO3 (5 mM and bovi ne ser al bum' n (BSA) at 3 ng/m. This

mediumis ~9 0 CT 2002 19 hereip termnmed pes B...For mcroinjection
pur poses, it Mr'ﬂrquéﬂtst’!fcfzﬁﬁ%gg SPﬁ‘éesﬂSg«eq tl‘l&%’é’“CZB with 0.1
mg/ m pol yvinyl al cohol f %&i 8 motRt, Y¥hfal ﬁﬁﬁfz@ﬂ@n@ﬁlﬁ&&ﬂ}@éve s 10

X 103) because PVA kept t e |nJ gction pipette | ess sticky over
a | onger peri onheotling |1smatedlaperBSAeadsdmma$obﬁnsafandl thiat ¢he plagmaepehbhedsasd 5

of a single pi ettefor es ermhead/ooc tranfers wo. di f f erent
oper m suapena B Easaaal deik Ferma et e SO RIALE AR SO TS IR coe

dryi 1:
oMt & i 1 40%5%5’%%%*’?&% ﬁ%ﬁ%ﬁ?@@ RO el B e,

suppl enent ed wpéim l@trosome if eto&lrehmveméorsaonmllﬂarﬁm;atlbnnmd Lawgang nbﬁblal

Prelimnary experinents were perforned vesti g what was the
Sper m Suspend G IFRUT T BF TR RrUrcROmp g e ek At RoReRer et ggoR estmed

suspendi ng frqglesRRIABLARRANE go%aﬂaghgmfoj&ll | oned by centrifuging and

resuspendi ng in ohe of the nedia w, and then imedi ately
freeze-drying the 15 spdnnconTitast, tirsnastl oﬂmrelutlmdaanhmglsnhdﬂlalmgmmlde@d( a)

distilled b) 34%sucrose|n dIStI| dvvat

a7 11 nosel O udhinig) E iR et RS IS (o AR of pynrasuh g
with 1 ng/n gme@%?e ebddntial fsg/uﬁd ufief ofdfsle (i ftaﬁaﬁfeaﬁr%ﬁﬁ& %E'dvélﬁlaﬁdlmef ree
CZB. Only the latter nmedium (f) was shown to be as good as the regular CZB

in its abilityubsqkessleyagestiwing @nbryenieldopsieprnentoibercéore, muhepsngp&e@zehezo
drying (data n I n these. xarrpl es

{
ma ntai ned | n EeBRaanCEb iR ePriatn et 35 cRo R aE AR AR TR t
Service at thepeld3éenfialSfor the ptodueie of dnlalldiRBAng. It is not known at this time whether

15 the sperm centrosome from all species can survive freeze-drying. If not, a centrosome

from an unfrozen sperm must be injected into an oocyte together with the freeze-dried
sperm head in order to secure normal embryonic development. Introduction of
excessive numbers of centrosomes, however, would result in abnormal pronuclear
development and abnormal embryonic development.

20 The centrosome is normally attached either to the posterior end of the
sperm head or to the anterior end of the sperm tail when the head and tail are separated.
Thus, the sperm centrosome may be inserted into the oocyte simultaneously with the
sperm head, or may be inserted by means of simultaneous or consecutive insertion of
the sperm tail. Alternatively, insertion of the sperm nucleus and centrosome may be

25  accomplished by insertion of an entire rehydrated spermatozoon into the oocyte.

Insertion of spermatozoa nucleus into recipient oocyte
The entire spermatozoon can be injected into the cytoplasm of the
recipient oocyte, but in species in which the spermatozoa are large, an isolated sperm

30 head (nucleus) is preferably injected directly into the cytoplasm of a recipient oocyte by



25 prepared by the Commttee on Care and Use of Laboratory Aninmals 1)@ UET 2002
Institute of Laboratory Resources National Research Council (DHEW :
publication no. [NIH 80-23, revised in 1985). The protocol of aninal

handl i ng and treatnent was revi ewed and approved by the Aninmal Care and Use

Commttee at the University of Hawaili . 9 0 CT 2002 20 EXAMPLE 1
Sper mat ozoa preparation Four different preparations of freeze-dried
spermat ozoa were made in order to illustrate the effects of sperm

suspendi ng medi um storage tenperature angy5 storage tine period, on the
ability of freeze-dried spermnuclei to participate in the devel opnent of
tive offsprin f nt O

illustrated i %n?:r tqq{é] lF%rl(ior egcéh ltn g erﬁz’ﬂe‘ﬂ (\}\g?ggﬁgﬁﬁ&tgﬁ(ﬁg rd égte%f a
mat ur e B6D2F1 speincheat usiehydrated dsmelnbx\ﬁhatb@s;fqmlmadsgnu‘or Jrgeipient @B giel the pitzeach
epididyms, its distal portion was punctured with sharp forceps. A dense
sperm mass oogleaically- dGVeq@“tfﬁﬁlpé‘fﬁ’ﬂruﬁ% S was transferred intoa l1.5n

pol ypr opyl ene tube cont f
DMVEM descri bed above. %F&e&% glg%a e%tgi@%& n?{bé@sﬁgc}erg)@éjgﬁg g%Eee%pper
0.3-0.5 nis of Mib®mupibulawnRiszo enpavedrive Uit bpe’rwdmzch (Dt@r(T&ﬂéﬁbafIbmram-ken

spermat ozoa in this _suspensio sm(hgpproxr matelé 3-10 X 106 per
activel y noti Pepan).s Thxagputilizesthe orezo plestrg e rctsr,@éﬁmp@zlae@ lnahlarqoqnekled( 100

V1V 1o, N P PRRE e i Rl Bk K v R R0 MR BPros bl 03

|'i quid nitrogqm). THie iftensity and di@tion afrmdhqmlymm 1 eizd and ake pigaiatabbed
(-50C) freeze-flask attached to a freeze-dry system (Mdel 10-020, VirTis
Co., Gardner, REfolUpHe inlet pressure was appr oxi mat el y 1 rri I | i Torr. About

12 hours {Jpter, the fla }q@&

filled vmltofrl argon suppl ﬁ:g)(r:l ytn&ﬁ@%?ﬁjoé% ng | ar ctrpcgg%l%)%g{]
Pi tt sburgh, PAntoanhdhfegticn ppettORavatidd shdrgdlat apmtmaMeﬁdiameren ef hlsoht Squm
vacuum punp and frarre seal ed after nore than greater than 99% of the gas

was punped outhopsedimpt Wﬁae|el§§trm#1>éa¢%r4/wah%ﬂcpsdlwta;slpfetaswcrlﬁn%rfdm Yﬁmpr 0i |
and stored in ¢

Ampul es of f rg{gg gp%ﬁ.{ﬁée(?&%no%{sﬁgr%%e na egtzb spé&%a%nel as ga \8\%&%ﬁﬂse§to the

i1 lustrated i meék mpgiom. IThe Heed vithéredgaemdieeplgtintohthe pipettem of each anmpule is
dried CZEi 5

Throughout the injection of the sperm head (nucleus), the oocyte is
anchored by a conventional holding pipette. The tip of the injection pipette containing
a selected sperm head is brought into intimate contact with the zona pellucida of an
oocyte and several piezo pulses (using controller setting scales of intensity 1-5, speed
4-6) are applied to advance the pipette while maintaining a light negative pressure
20  within. When the tip of the pipette has passed through the zona pellucida, the resultant

zona plug is expelled into the perivitelline space and the sperm head is pushed forward
until it is near the tip of the pipette. The pipette tip is then apposed to the plasma
membrane and advanced (toward the opposite face of the oocyte) and the holding pipette
almost reaches the opposite side of the cortex of the oocyte. The oocyte plasma
25  membrane is now deeply invaginated around the tip of the injection needle. Upon
application of one to two piezo pulses (intensity 1-2, speed 1), the oolemma is punctured
at the pipette tip, as indicated by a rapid relaxation of the oolemma, which may be
clearly visible. The sperm head is then expelled into the ooplasm with a minimum
amount (about 6 pL) of accompanying medium. The pipette is then gently withdrawn,

30  leaving the newly introduced head within the cytoplasm of the oocyte. This method is



30 nedi um cont ai ni ng sper mat ozoa. 19 0 C T 2002 21 EXA1VIPLE 3
Rehydration of freeze-dried sperm An anpul e containing freeze-dried Qp(g'[mT ?UUZ
prepared as above was broken and 100 ~. L of distilled water were added to

the ampule to forma reconstituted sperm5 suspensi on. Then 5 uL of the

sper m suspensi on was thoroughly m xed with 50 pL Hepes-CZB contai ni ng 12%
(w'v) polyvinylpyrrolidone (average nol ecul ar wei ght 360,000). The

rehydrated sperm were observed m croscopically and only those with intact

heads and tails were selected for further ni pul ati on. 10 EXAMPLE 4

Shi ppi ng of freeze dried spermat ozoa An exlgzri ment was performed to

ascertai n whet he drled tozo p. ccor di t 0.t he

net hod of the %ré g% ﬁ?/len'ty}’lﬂ’ﬁ 31I9| lpssg yﬁaﬁr"glﬂﬁh%ﬁlpgme”nﬁeﬁf‘%ﬁ n
their corrpeter}ﬁymga%gdqﬁtchjm%eogglggﬁses upon rehydration. 15 In this
experiment, a few anpul es of freeze-dried epididynmal spernmatozoa were hand

carried duri ng a three waBkmativemicoidsgetion Nmantanng\fhm 2 donventional linjection
Hawai i, Before .freeze-dryin e sper.nmat.ozoa were ended in um
b oot o o CiBE Brepibval miyie FRE G e et teads SRS Hamplof € il
that the agpul grrdiBfebtiod xﬁ@tﬁ@&ieﬁ%lbpmgla‘éah\mdﬂbﬁd??ipeﬁ@Q'OIklﬂjH:tlﬂlg‘a Shefrd heRDiatod

box during the entirte trip. Anbient 20 tenperature varied between 5 C and
30C. One week hemister adewtes 1sr@scmbedtm \leaglldaJ K., YaeagimechinRe Psreawdt,$.D. and

rehydrated an 0) I n. tho L, AV, | E 5 e
preparation ZgR%F%'?%g{E’ﬁ é?_r/o “5("153{] %18'1‘42% @;)WE é’s fr?a‘ﬂf(?é’go “@%c
superovul ate byerafifgtd Jiﬂh%i’e@lﬁbd‘i@%éx%by\’ﬁﬂcﬁq%rﬁed B&%f@féhbé)nm Units (11J)
pregnant nare serum gonadotropin followed | U human chorioni c

gonadotropi n (hCG 48 hohlheriImoenon of dhe Bpmm M@nmmb@anartﬁd@pqmelmdmffers
cunul us- o yte con‘ﬁ Xes we col Ieglte f.rom.oovi ducts and tr
S

bovi ne t e | cuf Fﬁﬁ“%‘?ﬁ tes;(% IUFW by e 5’60%?%18 i g‘ld§° a &%et a
Mesa, CA) in HeRpsy 6Z&erRntobdn fypks, %réﬁi:éﬁ#v@%f%ﬁe,@hﬁﬂﬁbﬁa%y, ankith@ like. TS€domE,

microinjection allows carefully controlled co-injection (with the donor sperm head) of
additional agents into the oocyte at the time of sperm head injection. These are
exemplified below. Third, in the embodiment of the invention wherein insertion of the
15 sperm head is by piezo electrically-actuated microinjection, rapid and efficient
processing of samples is afforded, thereby reducing trauma to sperm and oocytes
undergoing manipulation. The oocytes of some species (e.g., mouse) are not amenable
to microinjection using conventional needles, whereas piezo electrically-actuated
microinjection affords a high success rate.
20
Activation of fertilized oocytes
It is known that the mouse oocyte can be activated by injection of a
single, intact mouse spermatozoon or its isolated head. Isolated sperm tails are unable
to activate the oocyte. Active sperm-borne oocyte-activating factor(s) typically appear
25  during transformation of the round spermatid into the spermatozoon. The action of
these factors is not highly species-specific because mouse oocytes are activated by
injection of spermatozoa from foreign species, such as the hamster, rabbit, pig, human
and even fish. It has been reported that one such activating factor is a 33 kilodalton
protein residing in the equatorial segment region of the acrosome. This protein, called

30  oscillin, is readily extractable from mature (hamster) spermatozoa by simple freezing



22 cunulus cells. Prior to injection with spermnuclei, the oocyt e3 gNEQQT 2002
rinsed and stored in CZB nmediumfor up to 4 hours at 37C in an atnosphere

of 5% C02 in air. EXAMPLE 6 5 Mcroinjection of spermnuclei into oocytes

For injection of spermheads into the prepared oocytes, a mcroinjection
chanber was prepared by enploying the cover (10 mmin depth) of a plastic

dish (100 mm x 15 mm Fal con Plastics, Oxnard, CA, catal ogue no. 1001 ). A
row consi sting of two round droplets and one el ongated droplet was pl aced
along the center line of the 10 dish. The,first droplet (2 pL; 2 mmin

di aneter) was for pipette washing (Hepes-CZB containing 12% [w v] PVP,

. I I i ght 360, 000. dal t ._Th d d | et (2pL; 2. [
G amoter) was A BEDCREGR Al B S o SP0RY L eRL S A0 Re e
or DVEM prepgj&st @t RRRY ?eagiﬁ? %x_rﬁtﬁt?e,%&%%t&d%ﬁﬁiﬂw EI,a shcﬁlc?]ﬁﬁél tPeaiient 1€

and 6 mmlong) was Hepes-CZB hediumfor the oocytes. c these 15
dropl ets was cpereratazoai with rifriten aX-100 | and SRS bbItarsdnagokrwn Whether she weasdily

I d t he st f [ ted nmi i nt.erf tics.
M Gr of ) oct | ofXERUBIEPTIN A e it ot fE B R S uRr vaa e DGy gha' °°
el ectric g crehéhRallPidenRtdlod described previously, enploying the Piezo

M cronani pul ator Mddel MB-U by Prinme Tech Ltd. (Tsukuba, |baraki-ken,
Japan). 20 This unit usdbistknewpithsat sperincisiads sonédatescin theprgsensa o8 Trkan Xi198t t e
hol der a very .short distanc e 0.5 ~t at _a tinme at,_a.er i

speed. The i ntI%sf?_si _chglﬂﬂorée_ﬁ e((I’uBI‘J[hI: h%uciwssglwe@qug o ARG t_IIYeeIE’ Yhen
controller. F%icfo@hx%%a'll?@n'b&&&j:ﬁé‘ 088, Sudh BiBh &1 166 treRey Sperm lﬁaﬂggﬁving
sper mat ozoon was asplra e(I, tail first, into an injection pipette (about 5
p. M LD. at t hahenysjeusand heriradleabmbtedinlsabutacipdebmamembranes Len @raate pecytes

pi pette dy{vin i.t.. The sperm head and tail were separated by applying a
si ngl e orI(Ii f(ﬂ%eg?cé%lypﬁill tégtSPSmI ¥%Beck region. The intensity and speed
(frequency) of the pul segs 3&EEbddas e x@ehphs telisv, aoRhst @h tRmEU¥ESperithlborne

(controller setting scal es: intensi tg 2, speed 1 ). The heads were then
drawn deeply iaecytetaniévasingmaleculasanust berrdsistand fufreezealsping becaysp the majordr fur y

2002 25 Neanilt S0 TSRl iirorblr Sk Ui g i g gy dod ank

m croscope st gegilizéd hewestyCZB nedi um The oocyte was held by a hol ding

pipette and the tip of the injection pipette was brought into intimte

contact wih the zona peflinethes specigshiie 3njgciigmek theosperm digad dagenet serve to

pi ezo- pul ses (J i -2, - i hRette

thite ol ont OEE M SatE acIRTR hag bpteCh Sy PebiboRERAREns. SR BR°

pi pette had pasagdattirativglinjebor 6fehetnhdte iodeyte-actiydting@ubstadcefice transfer dfhe

zona pellucida in the pipette was expelled into the perivi Lel line sggﬁ;&. ]
t he

After the headh®poqylss inigangdia ¢IINNGARE FIBPEPOFYLWSH YRt SUpstapcely Re

tip of the inj ' ' : . S Ct oA sty |
its tip al rmst&Is&eIIaIg h%ggI r?ﬁéﬁ%pﬁ?ﬁv@h@?é@&g}’@t It?gqgg@? Iag'os 10 (E:I g?ﬁeéxgtl#ﬂy

ool enma wa@ plnclude,ebutbyre appl lymited 1o,08pedn Riyeamiagmik setivating dacsor, yand - @rtagpeed
1) and the head of the spernatozoon sy+expel led into the ooplasmwith a
m ni num arountPeHB O%CEZWWPP%%SC(%@Q& i na_d‘ds?)‘gFrnflgﬁ%Ir}Eﬁ’é& loﬁ‘e'GPIIIIIIIIIOW’t er
as much as posgphibh Fnagfbeﬁ}%&ﬁ%‘ﬂ#mﬁm'éﬁfoﬁl'aﬁ‘é@% cdridSmithR RS With WeR iU khe

w t hdrawn, |eaving the head of the spernmatozoon wthin the oopllasm All

i nj ections werspepehkad.nBeomd Sctivatihie pitmultZR provided folicvipg transfeeof g fatitiyed
within 1 hour of spermrghydration. Each ogc%tg vvag ingfcted W th _one sperm
head. Approxi it} 18 meflig, RRIPIBUE RIELTNEABTR 0L & WA-S64 Ot A 2HRE ABAPHIH n
10- 15 mi ng§ es. inEAMBsEm1ARE ¥F ea@v@{j&ﬁ&ggaﬁeﬁee@@w&o&)h&% b6dh 00 3PEEM

head-i nj ect ed oocytés were I ncubate at 37C under 5% Q02 in air _and
exanmi ned w th and toncerycey aride ethsuapemddelatrsired plasphoproteis signalihg t(ag., 2-

di stinct pronuclei and a second pol ar .body. wer.e, .cqnsi der ed. nor fal |

fertilized ancATREPUi, SBfosautzngy and ppreasdsingl JaoER ot prein R nifsistass A

bl ast ocyst st apR87WcRhEXiANG) 6 dfHethPaidoparing, OF EqfbiiidhS ofthefeiegsing (¥.g.CD- 1

femal es (al bi no) which had béen . o
6-dimethylaminopurine and ionomycin). In one embodiment of the invention,




25 mated with vasectonized CD-1 males three days previously to syrf8r §G7e2002
enbryoni ¢ devel opnental stages with that of the uterine endonetrium A nean
nunber of ei ght norul ae/ bl astocysts were transferred i nto each horn.
Femal es were allowed to deliver and raise their surrogate offspring (wth
bl ack, brown or grey coats). Sone mature male and fermal e of fspring were
randomy selected and mated to examne their fertility. 30 19 0 C T 2002
24 RESULTS M croscopi c exam nation of rehydrated, freeze-dried spermatozoa.
M croscopi ¢ observation of the rehydrated §pernatozoa showed t hat 100% of
the spermwere non-notile. Spern1viabi|itQ was assessed by using a 5
comrercially available.cell viability.test kit (Li.ve ad Fertidi ght

Vol ecul ar PY oBtavat RS Bouss QRS it A et CHBNE (ol Lo TR o1 SR o
menbr ane- i nt aghedilih (Bhtafilifl Pl 25 MVIGADr ane- damaged (dead) cells according
to a fluorescence staining pattern under a Wm croscope. The nuclei of
"I'ive" spermatozoa with intact plasma nenbranes fluoresced green, whereas

t hose of "deaq" spermatozoa fluoresced brjght. 10 ora -red. Over 10, 000
Sper mat ozoa.  MATERROH D SO bIEPLOGRRARFEYAIEfSes 808 AEPRRG and
rehydration. All of the %Wiﬂ%Hro?xﬂél'é{i@?o%ﬂﬁoﬂﬁﬁ@eihgﬁﬁa%ay 88 cRMBLAH HighobY

this test. Devel opnent of nouse oocytes injected wth heads of freeze-dried
sper mat ozoa. imtiAg rédchesshe 2t8ecklli stagain irordla/blasRRFstostage, 58hiob tyteabe ¢r&bryd%)

survived the injection_.mcr.osurgery and, of the.survivors, 1,157 (93.6%
were activat edn{)ﬁlb"t “@‘Sgﬁfﬁdﬁpméggyldﬁaﬁrflmﬁ ‘P?az@&teﬁﬂ}‘mﬂq y, regardl ess of
the original sperm suspension nedium (CZB or DMEM, storage tenperature

(25C or 4), and storage tinme period (1 day, 2 weeks, 1 nonth or 3 nonths).
20 The maxi nurfismdtangensdajéctidn of Binlpgitally Intenesting SahstaptessWithcSpesnmndeadss at

4 C i 57 t th f enal i nj_ect ed
with 3 moHIhostored sper T AOPOCGHIR oF eV TR PO RiEDPLET BisrPhrgbfesEhne
m crosurgery, iadarbbcydé ptrAts the iftirddfEtidd, pfBf td) AubBb| of affet 186 Rfectioh gf kHezed

eggs devel oped to norul ae/blastocysts in vitro. Fourteen (30% of 4
enbryos transfspemachend intorthe dooytecof 2fic opEe sigerty ovidp e potentialdo radter the

dults. Th jorjt % 939 fertili th had.b LR ect ed
W th B suspalsdElPBRAL IR St e niine bebat A, Sheieic Sl A oS
day to 2 weeksdegkyriSonu€leRlact (DNA)BRE, BeahitedirbE Hito B \68ERE B¢ niétoMjection prior

nor ul ae/ bl astocysts in vitro and 25-34 (20% 29% of these devel oped Into
nor mal of 1&pritagrvieBewinganiscten efithespear head. nBerhexamplg njartieiahrecempmanter

per cent age (76%Q;.0 rtilized e that. had en_jnLect ed. w . 0
BT 5005 25 oy 8NA R STbh LRGSR syl MR ol ML Fopsl thsirtifion 48
at 25 C pri orsej@erced pebisaiti ainthe deaoehbipel DNA bynRsideaestd Al @tadstranscdftionl 8%

of these devel oped into nornal offspri(gg when transferred to foster
i Qa8

not hers. N ne @990 apd subseqyenh gxnsess ¢qded paeleing avithy arantagonisticieffset Ay gs
t hat had been jhj M - .SUS d R , - QL and
stored at aAFIPHEE libory Bl BE RS ST bAEOER enldh 76 Rl ot
when CZB- 80is pevdssbver, ahe eradsdripll ns4yeposseds mtiensk aicadity aghinktainRIN A 4ncddinge

of fspring were, produced, after transfer of S62 enbryos, devel oped from 664
oocytes that seVElopBEnHInBIHOEY BRotsIsarititaraativiely, 2atscREs reaplafion gy beaFeyed

success rate 21,59 HOF o t1L: 9 9 f bd . ad
been inject edog\k/i’ lt%#cﬁﬁ B{gﬁf gﬁggg&ng%g( ds% gg%‘%%?&tggs?é tgtfllga'ttd %’%ﬁggﬁﬁltoﬁkcp
freeze-dried, tintegattihgdirgéctavyith theit nocieiclacidttarzbt($) withoupprier tinsaviptios wathing C,
al so devel oped,into norul ae/ bl astocysts in vitro. In sumary, a total of 92
live of fspri ngthﬁn?P%thr oduced after transfer of 326 enbryos, devel oped from
493 oocytes that survivefeddn¥ifai DIE{ find ,rfoﬁ{e}\bisé)ziﬁ@o&lﬂ@ﬂrﬁghﬁéméﬁbm@'|
success rate of 18.7% 1 S As illustrated in Figure 1 b, all of the

of f spring grevinwemtival imay chmprisesefunctional replicombeortaifiing. orfenor indré \expressed,

femal es and t mal es from each of the. 12 experipental gr.au wer e randoni
el 66t ed-and. nEPEHOTALEEETRAFE e Gnisel P RPN Fa PR AU DB roR § BTN 15 ¢ &
12) were produg %Fbadz&vﬁb%n%ﬁfa?E&pl@isio‘}hb&mé.‘QF&L @)@&ﬁﬁlg,rt'h@%r&ﬂ&remght direct

fertilization conpetency. e spermatozoa that were shipped to and from

Japan, and recwarsediates bl bripbexprassipn wheteithat prombren i active onlyriankkoedrly Zvgptect ed
29 i pdivi dual |y inj,ected into. tes.. T ty th
cocytes (7850 Loy ReRiDNA IR i IR oL Somel pinR fine R R ey eidbgfenr, or

devel oped into norul ae/ bl astocysts in vitro. Three




25 (1699 of those reached full termafter transfer to a foster nnﬂﬂ%rgt;gznnz
three (2 females and 1 nale} grewinto fertile adults. In view of the
foregoi ng Exanples, it has been denonstrated that nobuse spernatozoa can
retain their genetic integrity after freeze-drying. There is no reason to
bel i eve that spermatozoa from ot her species, including invertebrates and
vertebrates, 30 would behave differently. ~g0CT 2002 26 Wile the

i nvention has been described herein with reference to the preferred

enbodi nents, it is to be understood that it is not intended to limt the
invention to the specific forns di scl osed!¥n the contrary, it is intended
to cover all nodifications and alternative fornms falling within the splrlt
and scope of #HeSTRE\AEARY @5inors genomiplgei,jtohe\stabbprapHeated thvpugheutibeyifeof the

Injected Wth ed
Coeyt eano. . Entryinerargent ey 468 hbcdteRBAG, Culkans shiifa fihdi

Li veMedi um Teltmnti-dging" froteis, NechMs telofferablo or {ifffeidxidd digmhtise, nrfysBecihtroduced

O fspring(C) Period Ooc tesQocytes OocytesReachi ng Fenal es) | nj ect edSur vi ved
Ferti | i zedMor & &R aOEKte bXEITIQNHsRLIONy AltERRHYS) % saeh protasmay; be miggisddimscly) | 35
(87)133 (29)al20 (90)" 116 (8)34 (29) (0-71 ]2 weeks158 (4)144 (91) 141
(98)al131 (93)f126 (8)25 (20) [0-30]' "1 nonthl130 (4)120 (92)117 (98)a89
(76)g87 (5)16 (18) (S 33]" 2 weekslw (92) 123 (98)alld (93) 105

 14265) 23 monieRe ”“”é%*a?%@% ittt ssthebobbs mvshtos Saf s debBiits 1
day128 (3)116 159 Ja)ft%ﬁﬂnoé ﬁ‘a}nb&ii{e% hjeded (ahARcdndfituttd Bedrfl difedDeksaOhal 45102
(94)85 (83)° 67 (79% (3)8 0-20] mL nont 113 (2) 106 (94) 74 ( 70)ad7

(64)' 47 ( 3) 8 (p_a_m)cu ag t@ear}m@lmlétma t(lt?(}leT@lo@w)lV@'r(omGI) mie f(O&?)maSe SRYRS

ront ns.17 () 107BG PAT it By (pdsdst) o gt s dlimbi Shergpetdgon )

of f spring per hfaaaieexﬁ stoRéd&ither ot aidnstenc@kat@eqabém%m@ ordn \ﬁefr%)gra‘ﬂér @bGut

0.005 f wvs. Jr<0005pnvsm 0.01 pb vs. d:p < 0.005h vs. j:p <
0. 0051 vs. 4pC§:o Igz1spamn-vuspersion mpdiumrion Snireeze-dryipg wageithenCaB ouD 0
CT 2002 -28 .

described below.

The examples described herein are intended to be only examples of

15 oocytes and spermatozoa from an animal species, sperm-suspending media, freezing
protocols, storage conditions, rehydration media, and the like, that may be used in the
process of the invention, and are not intended to be limiting, as other examples of

embodiments of the invention would readily be recognized by those skilled in the art.

20  Media and reagents.
All inorganic and organic compounds were purchased from Sigma
Chemical Co. (St. Louis, MO) unless otherwise stated.
Harvested oocytes were kept in CZB medium (Chatot, et al., 1989. J.
Reprod. Fert. 86, 679-688), prior to sperm injection. CZB medium comprises 81.6 mM
25  Na(Cl, 4.8 mM KCl, 1.7 mM CaCl,, 1.2 mM MgSO,, 1.8 mM KH,PO,, 25.1 mM
NaHCO;, 0.1 mM Na,EDTA, 31 mM Na.lactate, 0.3 mM Na.pyruvate, 7 U/ml
penicillin G, 5 U/ml streptomycin sulfate, and 4 mg/ml bovine serum albumin. The
medium for oocyte collection from oviducts, subsequent treatments and
micromanipulation was a modified CZB containing 20 mM Hepes, a reduced amount
30  of NaHCO, (5 mM) and bovine serum albumin (BSA) at 3 mg/ml. This medium is



Clainms 1. A nenbrane-damaged freeze-dried spermatozoon or spernmat 629)0801-52(902
containing a fertilization-conpetent nucleus, said spennatazaan or

sper mat ozoon head havi ng been freeze-dried to a noisture |l evel of |ess than

1 % and being capable, aff~r rehydration, of fertilizing an isol ated oocyte
upon mcroinsertion to produce a live offspring. 10 2) The nenbrane- damaged
freeze-dried spernmatozoon or spermatoxoon head of claiml, wiarein the
freeze-dried spernmatozoon or spermatozoon head is stored for a period of

time prior to rehydration. 15 3. Tt~a ne ane- damaged freeze-dried

sper mat ozoon or spermatozoon head of clairm2, wherein the freeze-dried

.sperrnatozoon or .sper 0z00Q ead is stored at anbient tenperature. 20 4.
The. Tonbr ane. BETHEENTS HErS WAH cHO B RO RS Jr Rt A Do R e

claim 2, whergjqn ti $<z-3:i i j
stored at aboaﬁtgyﬁg &%gfl %{.%E’ he %ﬁg’r‘gﬁg@ﬁ@m @g%}g)g?%%ég&gg’gartgn@glz%%n or
spertrl at azoonverage molecalaanmas? ] 0 Mﬁm})abecanted)VAdepemﬂ rwadbo fShe injedtion papetter
sper mat ozoon head 15 Stnied at qr, bel ow -20C.  B. The nmenbrane- damage
freeze-dri ed foéf &swloasergen%%%ﬁ%ﬂla&ggﬁ %M%ﬂﬁ%‘%l}gmﬁ@fwet he
storage U197 REhLIsHHd Sipkie fo?nﬁﬁﬁ’ﬂ&sﬁé?ﬁﬁ?ea%@&ﬁétraﬁsfefghe menbr ane- damaged

freeze-dried spertTtatozoon or spernatozoon head of claimz, wherein the
storago tine period is 3bvaliffitremnspepmaguspendings media $8red e@ploy2d08 susi@md

The nmenbr ane-damaged freeze-dried_.spernmatozoon ar,, Spe t ozoan Bead. of
claim2, wher e‘Pﬁ“’?ﬁ%ZQ?t oPHgk ttPrrefrﬁgzrei od™18Egr eat(éf t(;gﬁ poe%Vﬂ‘ér. '”:?H%‘ft The
menbr ane- dam%ﬁrl&feﬁﬁﬁﬁn&é&aﬁé’et&Fh@fdg(ﬁm‘%ﬂ%n&'iniﬁgﬁrn'i@hﬁml 28 7P DhlbeeRIsM 1,
wherein the head Is a denenbranated head conprisSing the nucl eus and

perinucl ear mahedifiad Eagle® mddiun i@MAMpsuppésnsentedyeith fl Oeév)deiabbovine serum
sper mat ozpgon obé(sloer tozoqﬂ head of claim 11, wherein the spernmatozoon or
sper mat 0z HEglone, kg3m Y i nvertebrate. 11. The nembrane- damaged
freeze-dried sper mat 0ZoOByeRhinary SRR WER FRRMmMEA & ieSligdle WHREWSS thet he
spermat ozoon head is froma sea urchin, a | obster, an abal one, or a

shel | fish. 12."b#té spermbrsaspendmganediufn derz thisl piuerbss padnwersz oondugted by first

sper mat ozoon head af cl.aim 1 erein sper.mat ozgon or.,' zQ er.mat Qzoon
head is from && 8}%5‘?&}} ?Eﬁ%aﬁ%eﬁﬁ}@ge@ﬂ?wagzg (fFP%%"gmg an

sper mat 0zoon Gesysp&idir iA206 0f the akdaf listdddeldw,; and théifiehéedihteR Bevee ABHAZ RN Or
spermat ozoon Bead is froma fish, an anphi bi ancg3 areptile, a bird, 25 or a
mammal . 18 Trepemwnbhedesedispeny sependingmedie incinded é2)rdastibled vrates (bl 3e searosgaon

head of cl ai e i headc.i s f : h
oo ane- dammgasis SR (2 438 HETRL PEBAT B0 s pReArL B0 (ROt ity st
12; wherein t hagslaSRL(@L0.9% NaCEWRE Nindd/Ad gRizofeslds b Ind/md BSA, HBA$H lactdte-16.

An anmpul e contal ning the nenbrane-damaged freeze-dried spernat ozoon or
sper mat ozoon h&eecngfcalsium-freq CZB. Oy thedatter mpgum (f) was shown to be as good as the

regular CZB in its ability to keep sperm nuclei development-competent during freeze-

20  drying (data not shown).

Animals.
Animals used in these examples were maintained in accordance with the
guidelines of the Laboratory Animal Service at the University of Hawaii and those
25 prepared by the Committee on Care and Use of Laboratory Animals of the Institute of
Laboratory Resources National Research Council (DHEW publication no. [NIH] 80-23,
revised in 1985). The protocol of animal handling and treatment was reviewed and

approved by the Animal Care and Use Committee at the University of Hawaii.



- 30 17. A nethod for obtaining a nmenbrane-damaged freeze-dried 19 OCT 20[]2
sper mat ozoon or spermat ozoon head according to claim1, conprising the
steps of: collecting five mature spermatozoa; suspendi ng the sper;matozna
in a nhysiv,|ogical suspension nodium freezing the suspension of

spermat ozoa to formfrozen spermatozoa; and i Q drying the frozen

spermat ozoa under a vacuumto a noisture level of less than 7 %to form
freeze-dried spermatozoa containing a fertilization-cornpetent nucleus and
bei ng capable, after rehydration, of fertizbi zing an isol ated oocyte upon

m crainserliort k~ produce a live 15 offsprin4. 18. The nmethod of claim 17,
Jurther conprising the step of derrenbrm};]%{he spernmatozoa prior to the
freezing step to form denenbranat ed spernatozoa heads. 2a 19. The net hod of
claim 18, wherein thc~ demenbr anaSpagnstoeqa peparati@s treat nent of the
spermatozoa with a det erl_gqent .and, optionpally, a surfactant. 25 20. The

net hod of claim 17, wher “ﬁdﬂﬁﬁ@eﬁﬁ‘tﬂrgﬁ"ﬁ?@nﬁ@é@leeiiesdrll@s%’eﬂﬁﬁﬁz‘!ﬁ werexpaderife
net hod of cl ai T j I | .5:.).€s % .3Q
22, The et hod oyt 9y IFRE BlebrieaRt JFah hoeRiR} plelilof ok 2 icihfye o

O. Cap01 %S5 23.stokhge timehtliodf o kiad ability of frdee¢-diiad shemsmesieiad paaicipdte if tem a
35 vertebrate. 19 0 C T7..2002 - .31 24. The nethod of claim23, wherein
ttte spermat oZ5¥clopment ghiixe Pflspring aftelHRIFCHOm it POLKSS,| 3cdesgribgd, beloyrangd
manmal . 25, T =Y [k AL 5
numan. 26, Tha BAPER Spbf £ Fhosheh RGhaticon; o SARITpREIARS of b 3fiche
tttouse. 10 27B6IN2id melchnousefwert asath Whilerdpplyeng finper psessureadnosaoh epidadyhtigm an

invertebrate) 28. The nmetttnd of C atnt 27, wherein the spermatozoa are
froma sea ur dRidistalporepsyaypungiyredyyithosharp forcegs.sficlenss spFTm mass gozing guiRdt hod

of claim iy, i g } i 1 = f

minut os. b, TRECRERRSy EREIA SHER LSO GRAGHE i corkdhing 1hl JFone
storing the 20fftneethe-testi medis pELZB sroDMENIed¢sodbal abovee Rfteoincubatidmefor 30
rehydrating step. 31. a et hod of _cl ai 0, wherein the freeze-drie
spermare st orréglué"ts %ﬁ%&eﬁkﬁﬁl"e‘fﬁ?ﬂ é@tﬂ‘g mq]?% ﬂi?z‘.neg‘ﬁgl Yét FFé’éPV&ﬁ 3 ithe @g?-
wherein the freezeod; bfthePerABLG iﬁ%ﬁ@@,@?r@hsiam%?r&&na% 3-hldex et ggﬁd%)&f

claim 30, wherein the freeze-dried spermare 30 ored at” -20C or
were actively motile.

15
EXAMPLE 2
Freeze-drying of spermatozoa
An aliquot (100 nL) of the sperm suspension was put in a 2 mi ampule
(Wheaton Scientific, Millville, NJ, catalogue No. 651506) which was plunged directly
20  into liquid nitrogen. Ten minutes later, ampules were placed in a pre-cooled (-50°C)
freeze-flask attached to a freeze-dry system (Model 10-020, VirTis Co., Gardner, NY).
The inlet pressure was approximately 1 milliTorr. About 12 hours later, the flask was
removed from the system after it had been filled with argon supplied by way of a gas-
drying jar (Fisher Scientific, Pittsburgh, PA catalogue No. 09-204). Each ampule was
25  connected to a vacuum pump and frame-sealed after more than greater than 99% of the
gas was pumped out of it. Ampules were individually wrapped with aluminum foil and
stored in the dark at room temperature (about 25°C) or at 4°C.
Ampules of freeze-dried mouse spermatozoa, prepared as above, are
illustrated in Figure 1. The white powder at the bottom of each ampule is dried CZB

30  medium containing spermatozoa.



34. The nethod of claim 30, where~In the storage |ine period is up t% BE"P‘?UUZ
nont hs. 35 35. The nethod of claim30, wherein the storage tinme perivod rs
up to about one year. ~90CT 2002 - 32 36. The nethod of claim3Q
wherein the storage tine period is greater than one year. 5 37. A nethod of
fertilizing mammal i an oacytes with a rti enbranedamaged sper mat ozoon or

sper mat ozoon head, conprising the steps of: collecting |ive mature

spermat ozoa from a mammal ; suspendi ng the spermatozoa in a physiol og(cal
suspensi on zo nedium freezing the suspens'&ﬁn of spermatozoa to formfrozen
spermat ozoa; drying the frozen spernmatozoa“under. a vacuumto a noisture
level of Less thatr 1 /o to formfreezi}g{i gg 5 spermat ozoa; rehydrating
the freeze..dried spermrtozoa; isolati MFPLEX gratet| rri em~r ane- damaged
sper mat ozoon or sper mat 0zoon hqggyapstic 6f fReeR-dridd dgekmat i on- conpet ent

nucl eus and being capable, after rehydration, of fertilizing 20 an isol ated
oocyte upon mcroinserti ém ampuls eatrsring feeaeedristispenm prgparpd ad aboveyashrokenyt e
froma simlar_s [ e f.. | : and | rti,ng th rane- damaged

Sper mat ozoon_ 0P bt b SisRE Bas MRt ARRE 1 bhatnie G800 3cspiRARGp e
fertilizedsoocyhspensi®n. Then FRIIheCthefspeindkiBparsionviniall @ic@biighly iifed WREIS0I 10
step is accornpfished by piezo el ectrically-actuated ncroinjection. 30 39.
The nethod of E&lepene3B, continingrl 2&e (phv) Poby mHpyrselslone (avrssasniveleanlar wyighte

sper mat ozoa pri the ~~ freezing step.to~ r.m demenhr anat .
sper mat ozoa heggg'.ob@O .ﬂ*ﬁgh@?ﬁga"%—% i Or%s%rysé \%Aglo &8 lctgﬁﬁ a{@g grg'ttihﬁsge ‘gltﬂ?;\p
further 35 Conpfthdi@sadsHRdIMRSYER sélbctbd fRIThRE dadiplgidiper mat ozoon

cent rosone. 1 g 0CT 2002 - 33 41. The method of claim 37, wherein the

spermat ozoa are froma human, 5 42) The nethod of claim 37, wherein the
spermat ozqg are froma nouse. 43. The W @f4 claim 37, wherein the

noi sture l'evel is less than 0.41 % 14 : e nmet hod of claim43, wherein
the noisture level is |ess thd&hippiagefWeedbdricispemndtodonf cl ai m 44,
wherein the noisture level is |ess than 15_0, 00001 | o. 46. T@]e tho%ﬁiof
claim37, .wherein the si’\erfXREIESYoN3F PIrREd ol ARGGHAITN & hethen orze dhed

mnutes after g E@oh OfrepA8d 4écordinBBbNAE rf@hodbPiHe UG siGt 3nvenbn, QUi ¥ERN

manmal i an of fspring fromah isol ated oocyte fertilized wwth a ~ rehydrated
mer nbr ane danmagkigpehahroat axictill retainstheir wamnpzisocy torfediliza cocytel wmpnirehydration. 1,
conprisi nngt he Ir? %h%) gxpg;iment, a few ampules of freeze-dried epididymal spermatozoa were hand-
carried during a three week trip to Japan that originated in Honolulu, Hawaii. Before
freeze-drying, the spermatozoa were suspended in CZB medium. No special
precautions were taken for preserving the spermatozoa, except that the ampules were
wrapped with aluminum foil and kept in a cardboard box during the entire trip. Ambient
20 temperature varied between 5°C and 30°C. One week after their return to Honolulu, the

spermatozoa were rehydrated and employed in the method of the invention.

EXAMPLE 5
Oocyte preparation
25 Mature B6D2F1 (C57BL/6 X DBA/2) females were induced to
superovulate by injecting each mouse with 7.5 International Units (IU) pregnant mare
serum gonadotropin followed by 7.5 IU human chorionic gonadotropin (hCG) 48 hours
later. Fourteen hours after hCG injection, cumulus-oocyte complexes were collected
from oviducts and treated with bovine testicular hyaluronidase (300 USP U/ml; ICN

30  Biochemicals, Costa Mesa, CA) in Hepes-CZB medium for 3 minutes to disperse
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For injection of sperm heads into the prepared oocytes, a microinjection
chamber was prepared by employing the cover (10 mm in depth) of a plastic dish (100
mm X 15 mm; Falcon Plastics, Oxnard, CA, catalogue no. 1001). A row consisting of
two round droplets and one elongated droplet was placed along the center line of the

10  dish. The first droplet (2 pL; 2 mm in diameter) was for pipette washing (Hepes-CZB
containing 12% [w/v] PVP, average molecular weight 360,000 daltons). The second
droplet (2uL; 2 mm in diameter) was the suspension of rehydrated freeze-dried
spermatozoa in CZB or DMEM, prepared as above. The third elongated droplet (6 uL;
2 mm wide and 6 mm long) was Hepes-CZB medium for the oocytes. Each of these

15 droplets was covered with mineral oil (Squibb and sons). The dish was placed on the
stage of an inverted microscope interference contrast optics.

Microinjection of sperm nuclei into oocytes was achieved by the piezo-
electric microinjector method described previously, employing the Piezo
Micromanipulator Model MB-U by Prime Tech Ltd. (Tsukuba, Ibaraki-ken, Japan).

20  This unit uses the piezo electric effect to advance the pipette holder a very short distance
(e.g., 0.5 um) at a time at a very high speed. The intensity and speed of the pulse were
regulated by the controller.

For injection into an oocyte prepared as above, a single spermatozoon
was aspirated, tail first, into an injection pipette (about 5 uM L.D. at the tip) which had

25  been attached to the Piezo electric pipette driving unit. The sperm head and tail were
separated by applying a single or a few Piezo pulses to the neck region. The intensity
and speed (frequency) of the pulses were regulated by the controller PMAS-CTO1
(controller setting scales: intensity 2, speed 1). The heads were then drawn deeply into
the pipette and a small volume (about 0.5 uL) of mercury was placed in the proximal

30  end of the injection pipette.
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perm head-injected oocytes were incubated in CZB at 37°C under 5%

CO, in air and examined with an inverted microscope 5-6 hours later. Those with two

distinct pronuclei and a second polar body were considered normally fertilized and

cultured for 4 days in CZB. Those reaching the morula or blastocyst stages were

transferred into the uterine horns of recipient CD-1 females (albino) which had been

25 mated with vasectomized CD-1 males three days previously to synchronize embryonic
developmental stages with that of the uterine endometrium. A mean number of eight
morulae/blastocysts were transferred into each horn. Females were allowed to deliver

and raise their surrogate offspring (with black, brown or grey coats). Some mature male

and female offspring were randomly selected and mated to examine their fertility.

30
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10% u&' () 510%astimedcially available cell viability test kit (Live/dead FertiLight, Molecular Probes,
Eugene, Oregon) which differentiates between plasma membrane-intact (live) and

plasma membrane-damaged (dead) cells according to a fluorescence staining pattern

under a UV microscope. The nuclei of "live" spermatozoa with intact plasma

membranes fluoresced green, whereas those of "dead" spermatozoa fluoresced bright

10 orange-red. Over 10,000 spermatozoa from four males were examined after freeze-

drying and rehydration. All of the examined spermatozoa were "dead", as evaluated by

this test.

Development of mouse oocytes injected with heads of freeze-dried spermatozoa.

15 As illustrated in Table 1, 1,236 of 1,353 oocytes (91.4%) survived the
injection microsurgery and, of the survivors, 1,157 (93.6%) were activated by the sperm
nuclei and fertilized normally, regardless of the original sperm-suspension medium
(CZB or DMEM), storage temperature (25°C or 4°), and storage time period (1 day, 2
weeks, 1 month or 3 months).

20 The maximum storage period of ampules in these Examples, was 3
months at 4°C. In three experiments, 57 oocytes from three females were injected with
3 month-stored spermatozoa. 95% of the injected oocytes survived the microsurgery,
and all of them were fertilized normally. 91% of fertilized eggs developed to
morulae/blastocysts in vitro. Fourteen (30%) of 46 embryos transferred to three foster

25 mothers developed into normal adults.

The majority (90%-93%) of fertilized eggs, that had been injected with

CZB-suspended sperm heads, that had been freeze-dried, stored for 1 day to 2 weeks at
25°C or 4°C, and rehydrated, developed into morulae/blastocysts in vitro and 25-34
(20%-29%) of these developed into normal offspring when transferred to foster mothers.

30  Although a lesser percentage (76%) of fertilized eggs that had been injected with CZB-
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that survived microsurgery and fertilized normally, an overall success rate of 21.5%.
The majority (79%-91%) of fertilized eggs, that had been injected with
10  DMEM-suspended sperm heads, that had been freeze-dried, stored for 1 day to 1 month
at 25°C or up to 3 months at 4°C, also developed into morulae/blastocysts in vitro. In
summary, a total of 92 live offspring were produced after transfer of 326 embryos,
developed from 493 oocytes that survived microsurgery and fertilized normally, an
overall success rate of 18.7%.
15 As illustrated in Figure 1b, all of the offspring grew normally. Their
sex ratio was about 1:1. Two fully grown females and two males from each of the 12
experimental groups were randomly selected and mated. All proved to be fertile and

normal sized litters (8 to 12) were produced.

20 The effect of shipping freeze-dried sperm on fertilization competency.

Of the spermatozoa that were shipped to and from Japan, and
reconstituted upon their return to Honolulu, a randomly selected 29 spermatozoa were
individually injected into oocytes. Twenty three oocytes (79%) survived and were
fertilized normally. Nineteen (83%) developed into morulae/blastocysts in vitro. Three

25 (16%) of those reached full term after transfer to a foster mother. All three (2 females
and 1 male) grew into fertile adults.

In view of the foregoing Examples, it has been demonstrated that mouse
spermatozoa can retain their genetic integrity after freeze-drying. There is no reason to
believe that spermatozoa from other species, including invertebrates and vertebrates,

30  would behave differently.



10@ #10%@: () - 1 8S 10%@ () - $6S 10%@ () -!S3S 10%@R () - xLzLMINUHE) 0879002
10G "109%& () - &10%g& ()- 109g& ()-'1 "109& ()-!,

"109&' ()-t10%g& () - 4PPQRXR] STA<j _@

10G L- #10%&' ()-!- #10%&' () -1 +109%9& () - @#10%& ()- 1! @#109%& ()-1"10%& ()-TT
PTTTTTTTbC 10G 10% u& ()-& 10% u& ()-F 10g 10g

10g: #10%& () - y810%& () - L6GLO%& () - TUWQWVAEDC 10G " & 10% u& () - f

10% ug& ()-10% u& () - 3s10% u& ()-3s10% u& ()-L z 10% u& () VQWNAEXXXAEbC

10G | "10% & ()- @ 10% U& ()-S&L0% u& ()-,d 10% u& ()-

10% ug& ()-"10% u& () - X5YYYZt [ dEbC 10G 5440 100 u& ()-*" 10% u& ()-sl(f

'}_8%:]”%0( LY&i_tgoo/%/:ﬁL&( %) 3@%&;{ u/%a n1 n h&g' (l))een é‘esg'lbec[ k@rﬁ}n"%\u re e}'{e[\rllge o%e 10-u

710% u& () -sy le@e{?e'dgexﬁﬁodn%é&%/e H&s (t&> ﬁe\ rdletstd8 R BANG: KOR3tSnldhHéd &6 (1ImiChe
109%4| & () -f 10%4| & ( ! & ()- F109% & ()-' 1094 & ()-m~A~_7_ " dEYNC
10G " T 10%| &ln(vynt'tq[()lqm @s;(e):xﬁcl glsglpsqbo n&hq gonti@ry, it is intended to cover all

104 & 8 ' i BRI ﬁ%&*&%@%%t%@é@gé&?&#‘%% bl

104



S
o
N m - =
S o3 [
m m ™ M ~_ 100>d USAU cooo>d :A8-sao
(o) ** - —~ 100>d ‘wisaf s000 >d Asay s000>d ‘psaq
oy, - o) m WM 100>d wr'sau $000>d f1°3'sA} s000>d  :p‘o-sae :aduvonyu3Lg [eONSHEIS
| L3
x
1-.L/ m Z _ @ on S “1ayjowr 193505 1od Suridsyro o4 jo afuey *
> & o~ =
P Wm 3 [se®l(se)s (D v1 (88) v1 (0o01) 91 (¥6) 91 (01 stpuout ¢
St a =3.m@ (1exe () vs () 1T L(66) s€1 (06) LET (g) zst Yuow |
S-%F 03 Fm- 1 (98P0 (€) 95 (L8) 69 (001) 6L (s6) 6L (@) €8 sYoam g v
H 00 C % — 1 1@ N Y ® °
—_——— H = =)
L S RAUes () Ly {¥9) Ly o(0L) YL (v6) 901 @ ¢l puow |
W.JWO 5L BBl ens (£) 09 (6L) L9 (£8) $8 (v6) 2ot (2) 601 s}oom ¢
— -, O —_ 1 — :
—~ Ly £
e % S om {® u.rw,wu\,_ (15-6% (9) s6 J(16) $6 o(06) +01 (16) 911 (¢) 8zi ep [ ST WANd
1 O Oﬁu C. O—._ ¥ d
oF 932 IS, (943 ,(26) s¢ .(001) 8¢ (s6) 8¢ @ or sypuous ¢
- — Y 1 -
3O ~8 M%E&nﬁwﬁ (9) 96 (89) 86 £96) 211 (68) L11 (v) 1€1 quow |
— —~~7 N—r = ~— N—r
P8y T L0l Gy (L) so1 Je6) v11 L(86) €21 (z6) 921 () LET syvam g ot
29383 TN N
m W < m ¥ WNW@@WM@W () L8 S92 68 (86) L11 (26) 0zl () 0€1 o |
NS LS oo 5 lecel ekt (8) 9z1 (€6) 1€1 (86) 1¥1 (16) t¥1 () 851 sYaam T
J
— . WbML_(\ o5
—B0 57993 SHA ]I (8)9r1 »(06) 0Z1 (66) €€1 (¢g) st (e)sst Aep 1 oST gz
o 8 ~ — =3k
—_—,— O O HF o ~F -
S 0O OC>>Aw a8uig
A3
22 mOu 248 5% Om 15£00)se[g AqpeurzoN (‘oN “dxg)
=g 88 B oﬂ 2 S JoeIOION] pazi[ia] PAAIAING pajoafug
— OO0 0d 3 V .05 m (sarewing Suryoeay s914200 §915900 s91£000 pouad )
PVREENS O 3o a0 oN) (%) "N (%) N (%) "N ‘ON [e10L suny dwa, wnipapy
\)\)% ' e 2 QZ&MaATm:n: paLajsuei, Surpuadsng
Tl o \/Aﬁurov@ X sof1qurg ‘oN $91A500) payoafuf-uuradg 28e101g ajdwieg uradg
BIQ- BH oS >~
—_— — O 1 o N~ 1 O
¥I¥S w 2. w 89S rozojeur1ddg patI(f-2Zaa1,] YHAA Paiddlu] $s91430Q asnoj jo judurdoaaaqg
S39- o3 W(%%YW& I TIIVL
Ak B RAc]
TS E: SC¥ TSSO 5
II\_OW _0/| O HF LA
—_—— o~ & ~O ,@ & S
M&(# .,(#1.ﬂvu.,N SCTho
1WM\F-_ M@MIUIV_& S
o —_ 1 1
o207 87
OCO0O1O0OYOOHO ~OO0 |
o d: Q0 AA: A



() - 2
107 SOTSSHLOME. ()1 SIFI0NE (). DEUE- @ 10-u: uf 10008 (Zide~_@1 300 UQI@%%U
10%0&: () - Y@ 10%0K () -sf 10%0K ) Love: () 9100k () - 3L0%0K () B @
oo ()a-#!lg‘}/&/ﬁ&)({bg %8‘;& 8'-9 28 - VR 1000 1000
s imee (el e, e, o0
0% ()0 7 0% ()11 10% (}- @ 108 (-9 10%e () - 10vk ()2 xde
L0%E: (). Sovek: (). 10%es (3-) Cy Avaes hosz LOYER: () -1 SOLO%EB (). ¥
iocy@"()- s-y 10%@ ()-!V), #10% ()-s@ 1e44gs() - #mop
10% ug& ()- 10% u& ()-&10% u& ()-Z 10@
1. A membrane-damaged freeze-dried spermatozaon or
5 Spermatozoon head containing a fertilization-competent nucleus,
said spermatozoon or spermatozoon head having been freeze-dried
o a moisture level of less than 1% and being capable, after
rehydration, of fertilizing an isolated vocyte upon micrainsertion to

produce a live offspring.

10
2, The membrane-damaged freeze-dried spermatozoon or
Spermatozoon head of claim 1, wherein the freeze-dried
Spermatozoon or spermatozoon head is stored for a period of time
priot to rehydration.
15
3. The membrane-damaged freeze-dried spermatozoon or
Spermatozoon head of claim 2, whertein the freeze-dried
Spermatozoon or spermatozoon head is stored at ambient
temperature.
20

4, The membrane-damaged freeze-dried spermalozoon or
Spermatozoon head of claim 2, wherein the freeze-dried
spermatozoon or spermatozoon head is stored at about 4°C.

25 b5, The membrane-damaged  freeze-dried spermatozoon  or
Spermatozoon head of claim 2, wherein the freeze-dried
Spermatozoon or spermatozoon head is stoied at or below -20°C,

8. The membrane-damaged freeze-dried  spermatozoon or
30 Spermatozoon head of claim 2, wherein the storage time period s
up to about three months,

7. The membrane-damaged  freeze-dried spermatozoon  or
Spermatozoon head of claim 2, wherein the storage time period is
35 about one year or Jess.
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10.

11.

12.

13.

14,

15.

16.

greater than one year.

The  membrane-damaged  freeze-dried  spermatozoon  or
spermatozonn head of claim 1, wherein the head is a
demembranated head comprising the nucleus and perinuclear
materials,

The  memhrane-damaged  freeze-dried  spermatozoon  or
spermatozoon head of claim 1, wherein the spermatozoon or
spermatozoon head is from an invertebrate.

The  membrane-damaged  freeze-dried  spermatozoon  or
spermatozoon head of claim 10, wherein the spermatozoon head
is from a sea urchin, a lobster, an abalone, or a shellfish.

The  membrane-damaged  freeze-dried  spermalozoon  or
spermatozoon head of claim 1, wherein the spermatozoon or
spermatozoon head is from a vertebrate.

The  membrane-damaged  freeze-dried  spermatozoon  or
spermatozoon head of claim 12, wherein the spermatozoon or
spermatozoon head is from a fish, an amphibian, a reptile, a bird,
or @ mammal.

The membrane-damaged freeze-dried  spermatozoon or
spermatozoon head of «claim 12, wherein the spermatozoon head
is from a human.

The  membrane-damaged freeze-dried  spermatozoon  or
spermatozoon head of claim 12, wherein the spermaiczoon or
spermatozoon head is from a mouse.

An ampule containing the membrane-damaged freeze-dried
spermatozoon or spermatozoon head of claim 1.
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17. A method for obtaining a membrane-damaged freeze-dried
spermatozoon or spermatozoon head according to claim 1,
comprising the steps of:

collecting live mature spermatazaoa;

suspending the spermatozoa in a physiological suspension
medium;

freezing the suspension of spermatozoa to form frozen
spermatozoa; and

10 drying the frozen spermatozoa under a vacyum to a

moisture level of less than 1% to form freeze-dried
spermatozoa containing a fertilization-competent nucleus
and being capable, after rehydiation, of fertilizing an
isolated oocyte upon microinsertion fo produce a live
15 offsprina. ~

(%]

18.  The method of claim 17, further comprising the step of
demembranating the spermatozoa prior Lo the freezing step to
form demembranated spermatozoa heads.

20

18. The method of claim 18, whetein the demembranating step
comprises treatment of the spermatozoa with a detergent and,
optionally, a surfactant,

25 20. The method of claim 17, wherein the moisture level is less than
0.01%

21. The method of claim 17, wherein the moisture level is less than
0.001%.
30
22.  The method of claim 17, wherein the moistute level is less than
0.00001%.

23. The method of claim 17, wherein the spetmatozoa are from a
35 vertebrate.
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26. The method of claim 23, wherein the spermatozoa are from a
mouse.

10 27. The method of claim 17, wherein the spermatozoa are from an
invertebrate.

28, The methad of claim 27, wherein the spermatozoa are from a sea
urchin, a lobster, an abalone, or a shelffish,

15
28, The method of claim 17, wherein the freezing step is carried out
at -196°C for 10 minutes.
30. The method of claim 17, further comprising the step of storing the
20 freeze-dried sperm for a period of time prior to the rehydrating
step.
31. The method of claim 30, wherein the freeze-dried sperm are
stored at ambient temperature.
25
32, The method of claim 30, wherein the fieeze-dried speirm are
stored al about 4°C,
33, The method of claim 30, wherein the freeze-dried sperm are
30 stored at -20°C or below.

34. The method of claim 30, whereln the storage time period is up to
three months.

35 35, The method of claim 30, wherein the storage time period is up to
about one year.
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36. The method of claim 30, wherein the storage time period is

greater than one year.

5 37. A method of fertilizing mammalian oocytes with a membrane-
=~ damaged spermatozoon or spermatozoon head, comprising the
steps of;
collecting live mature spermatozoa {rom a mammal;
suspending the spermatozoa in a physiologlical suspension
10 medium;
freezing the suspension of spermatozoa to form frozen
spermatozoa;
drying the frozen spermatozoa under. a vacuum to a
moisture level of less than 1% to form freeze-dried
15 spermatozoa;
rehydrating the freeze-dried spermatozoa;
isolating a2 rehydrated membrane-damaged spermatozoon or
spermarozoon head containing a fertilization-competent
nitcleus and being capable, after rehydration, of fertilizing
20 an isolated oocyte upon microinsertion to produce a live
offspring;
isolating an oocyte from a similar species of mammal; and
inserting the membrane-damaged spermatozoon or
spermatozoon head into the isolated oocyte to form a
25 fertilized oocyte.

38. The method of claim 37, wherein the inserting step Is
accomplished by piezo electrically-actuated microinjection.

30 39. The method of ciaim 37, further comprising the step of
demembranating the spermatozoa prior to the - freezing step to
form demembranated spermatozoa heads.

40. The method of claim 37, wherein the inserting step further

35 comprises the substep of inserting a live spermatozoon
centrosome.
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nsolatmg an oocyte from a similar species of a non-human
mammal;

5 inserting the membrane-damaged spermatozoon or
spermatozoon head. intc the isolated oocyte to form a
fertilized oocyte; and
allowing the fertilized oocyte is (o develop into a live
offspring.



