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Chapter 1: Literature Review



Use of Artificial Insemination for Commercial Poultry Production

The commercial poultry industry began in the 1920t the
development of the broiler chicken line for meht.its early stages, the industry
relied on individually managed farms, feed millatdheries, and processing
plants to provide the final product. Shortly ak®wVIl, increased demand for
broilers led to the development of vertical intégna and subsequently a complex
multi-layered poultry breeding system owned and agax by a few large
companies (Lasley, 1983). Worldwide, commerciallfyg breeding today
consists not only of chickens and turkeys, but dugkese, quail and ostriches.
Poultry provide not only meat and eggs, but featheather and oil as well.
Economically speaking, however, the chicken remtiiesnost important.
Poultry and other agricultural animal industriely @ the use of a highly
complex and classified selective breeding pyrarRidure 1). At the top level,
the pure or elite lines consist of birds with thestnfavorable traits to achieve the
desired products. The general beneficial traiteggall livestock selective
breeding programs is vigor, general welfare, femaversion, fertility, ease of
birthing/hatchability, and disease resistance. fEneaining traits that livestock
are selected for depend on the final product deésite laying hens, longevity,
rate of lay, lifetime of egg production, and eg@lify are considered the most
valuable traits to maintain in the elite populatadrbirds (Table 1). For turkeys,
emphasis is placed on body weight and age at siaughAt the elite level, only
pure line birds are bred with each other. Theeebsck-up stock of pure line
birds kept away from a central breeding programméintain biosecurity. While

these pure line birds are considered the sourciaéocommercial lines, other
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birds that have the potential to be used for fubreding, or experimental lines
are maintained at this level as well. The greahdparent level is used to
increase the number of pure line offspring withaoy additional crossbreeding.
Cross breeding of lines begins at the grandpaeswel (Figure 1). Since chickens
and turkeys have the shortest generation intearatsng agricultural animals,
traits are rapidly distributed to the final produdm this way genetic progress can
be distributed very rapidly, however, diseasesa@hdr problems can be rapidly

disseminated as well.

Pure line elite

stock —>| AXA BxB CxC DxD
Great grand- EEEEN NN BB CxC DxD
parent stock X X X X
Grandparent

stock C;\ AXB 9 C;\ CxD 9

Parent stock

3 (AxB) x (CxD) 9

Final product: Meat or Eggs

Figure 1. The commercial poultry breeding scheased on the breeding
pyramid for poultry.



Table 1. The most important traits in the breedjogls for commercial poultry

se)

—

Al

species.
Trait Group Layers Broilers (Turkeys, Ducks, Gee
Age T egg, hen-day egg
Egg / Meat production, persistency of Growth rate and body weight &
production production, broodiness, eqg slaughter
size/weight

Production Mature body weight, feed| Feed conversion and abdomin
efficiency conversion fat

Age T egg, hen-day hatching
Reproductive Female and male fertility,| egg production, egg weight,
performance hatchability female and male fertility,

hatchability.

Product quality

Egg deformation, shell
strength, thickness, and
porosity, fishy odour,
albumen and yolk weight

Drip loss, pH, meat colour

Heat tolerance, disease

Egg deformation,

Functional resistance, leg strength, . :
) ) o survival/mortality, leg health,
traits survival, cannibalism, ) ) i
e infectious diseases
flightiness
Others Plumagi;r(;ﬂregg (shell Plumage and skin colour

Adapted from Mark et al., 2011.

The improvements in commercial turkeys from genstiection to

produce larger birds with greater breast width feed conversion performance

over the last two decades has been phenomenalifstaie et al., 2007). A

major disadvantage of this improvement, howeves, lsss of the bird’s ability to

successfully mate and produce fertile eggs witlhetvention. Today the

commercial turkey industry relies exclusively otiferal insemination (Al) for

fertile egg production (Morrell, 2011).

Semen collection in poultry is generally a two-jperfob. In roosters, one

person gently restrains the bird exposing the @aoeltile massaging the abdomen
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below the pelvic bones. The restrainer then htbldsird’s tail back while the
semen collector holds the bird’s legs. When statioh is successfully achieved,
the copulatory organ will protrude and the semdlector can express semen by
gently squeezing the bulbous glands. This sambaaddbr stimulating
ejaculation and expressing the semen applies te except that a restraining

bench is necessary to assist in restraining a lamggBurrows and Quinn, 1937).

The technique for Al in poultry was developedhe 1930s and is still
used today. It involves applying pressure to thierabdomen and everting the
vaginal orifice through the cloaca (Quinn and Bwsp1936). Semen is
deposited with straws, syringes or plexi-tubes 2 ton into the vaginal orifice
concurrently with the release of pressure on tmeshebdomen. Commercial
operations may employ automated semen disperdainsyequipped with
individual pre-set Al dose straws. Several factbeg affect semen quality
include, age of males, photo-period, season, bagght; and diet (Sexton, 1986,
1987). Timing of Al is another important factordais best performed in the late
afternoon to minimize the number of hens with hsinéfled eggs in the shell
gland. In turkeys, Brillard and Bakst (1990) destoated that spermatozoa
numbers in the sperm storage tubules (SST) of imsesninated before the onset
of lay was twice that of hens inseminated at thggrbeng of egg production.
Therefore, turkey hens are generally inseminateth 14 days after photo-
stimulation and chickens are inseminated when éneyaying (Bakst and

Brillard, 1995).



Semen Cryopreservation asa Tool for Preserving Genetic Diversity

The value of poultry spermatozoa cryopreservasdwofold — first, as a
tool for genetic resources conservation to preseaviability in endangered avian
and other animal species, and second, to maxinoakrp production efficiency

to meet the increasing demands for sustainable hdioval resources.

Spermatozoa cryopreservation is an invaluableegfyafor preserving
genetic variability in endangered avian speciekb@lly, over sixty percent of
chicken and turkey breeds are listed as eithenetor in critical or endangered
status (FAO, 2007). This dilemma can be attribudetthe industrial merging
during the vertical integration management tramafiron when many established
chicken lines were displaced to meet industry stesgl(Silversides et al., 2012).
Likewise, 134 of the known species of wild birde aurrently extinct and over
1300 species are listed as endangered or critatiss(IUCN, 2013). Early
efforts to restore endangered avian species, sutirkeys included reintroducing
them back into the wild. Although, turkeys weresessfully reintroduced to
self-stabilizing capacity, this approach disrupteel historical patterns of genetic
diversity and gene flow which led to increased hgerzation of subspecies and
the loss of locally adapted gene complexes (Mogihey., 1975; Bailey, 1980;
Leberg et al., 1994; Mock et al., 2004; Latch et2005). Furthermore,
maintaining live animals as a method of conservasanore labor- and resource-
intensive than gamete cryopreservation methodser8kestudies have shown that
the most feasible method for ex si@nagement of genetic resources in birds is

semen cryopreservation (Gee, 1995; Hammersted§; BSedy et al., 1995). In



a more recent cost comparison study for presenmvati@vian genetic resources,
cryopreserved semen and ovaries were found to fp@@mately ninety percent
less expensive than the total costs for maintaihuggbirds (Silversides et al.,

2012).

In 2012, the United States value of all egg préidnovas over $7.0
billion, a seven percent increase from 2011. Tddaesof turkeys produced in
2012 was over $5.0 billion, up ten percent fromR2QASDA, 2013). With a
projected human population of 9 billion by 2050sievident that the demand for
poultry will continue to rise. One way to maximieduction efficiency to meet
these demands is through poultry spermatozoa aegepration. Since
commercial turkeys are unable to mate naturallytenck to be artificially
inseminated, stockpiling desirable germplasm frdite poultry lines using
cryopreservation would prove to be a very costatiffe management tool by
greatly reducing the risk of spreading epidemiease and reducing the labor
force needed to Al the hens. Unfortunately, evechickens, semen-
cryopreservation is not yet widely used becaussutsess is highly dependent on

the fertility of the breed and within-breed varidii

Of all the commercial agricultural animal induss;j dairy has achieved
the greatest success in the use of frozen/thawerthspozoa for animal
reproduction. Shortly after Polge et al. (194%cdvered the protective
properties glycerol had when combined with yolkat# extender (Salisbury et
al., 1941) on frozen poultry spermatozoa, Brattoal.g(1955) showed success

with high fertility post-thaw in bull spermatozoeed at -79°C and packed on
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solid carbon dioxide. The lipids found in egg yalkre found to protect bull
spermatozoa from cold shock during freezitptson and Martinl973 1975
Foote,1998. Several early studies tested the use of diffguesteins with

glycerol on the success of post-thaw fertility wefénding Tris-buffered egg
yolk-glycerol provided the best protection and eswthe worldwide standard
cocktail used for extending dairy bull spermato@davis et al., 1963-oo0te,

197Q Watson and Martin973,1979. Early investigations also discovered that
storing the cells in liquid nitrogen at -1¥&prolonged spermatozoa viability
significantly better than th&9°C solid carbon dioxidmethod (Sherman, 1954,
1963).

Another area that has achieved success using spgopreservation is in
human assisted reproduction. Following Polge.gt1849) work with glycerol,
Bunge and Sherman (1953) froze human sperm ande€p® 67 percent survival
rate and three human pregnancies following aréficisemination with frozen-
thawed sperm. This led many investigators to pwgork toward using human
sperm cryopreservation as a method for the tredtofenfertility. All human
pregnancies before 1964, however, were accompligbied short-term sperm
storage until Perloff et al. (1964) reported pregnes from frozen-thawed sperm
stored for one to five months. Cryopreservatiohwhan spermatozoa has come
a long way. Work investigating the addition of ygdccharide hyaluron to the
cryoprotectant to improve sperm motility post-thaas successful (Sbracia et al.,
1997). More recently, Horne et al. (2004) repoddnye birth following

IVF/ICSI using sperm that had been cryopreserve@ioyears.



General Principles of Semen Cryopreservation

Reproductive cell and tissue cryopreservationneldgy has been
developed for a wide range of species over theslast years since Polge (1951)
discovered that glycerol would maintain the matibf frozen rooster
spermatozoa. Despite the fact that rooster senasruged in this scientific
advancement, the overall fertility rates using énzthawed poultry spermatozoa
are too variable to use routinely in commerciallpgyproduction or avian
genetic resources conservation (Long, 2006). Camiadgoultry industries will
only employ standardized cryopreservation methdasnihe fertility rates of
cryopreserved spermatozoa are equal to the su@tessof non-treated
spermatozoa (>96%). However, success of cryopredespermatozoa can be
achieved with 60-70% fertility rates as long asliagchability of fertile eggs
remains high (Long, 2006). The greatest successgiacultural standardized use
of semen cryopreservation has been achieved in nadiamspecies, such as dairy
and beef cattle (Long, 2006). Fertility ratesofopreserved poultry
spermatozoa retain <2% of the fertilizing capaoityaw semen which is lower

than all the domestic mammalian species (Wish8851L

Cryopreservation stores cells and tissues inta efaemperature-induced
suspended animation. At temperatures betweenattd20@QC, cryopreserved
cells and tissues can be stored for several de¢hdds and Songsasen, 2002;
Fuller and Paynter, 2007), if not, indefinitelyhére is a wealth of published
reviews summarizing the empirical research invauime types of
cryoprotectants, packaging methods, and freezidglzsawing rates for avian
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spermatozoa (Lake, 1986; Hammerstedt and Graha®&, Ddnoghue and

Wishart, 2000; Blesbois et al., 2008).

In general, semen is cooled to arouA@ Hefore dilution or equilibration
with a cryoprotectant agent. Samples are thendtelis temperature for about
ten minutes before cooling further. The two mashmonly used methods of
avian spermatozoa cryopreservation today are €l3lthw freeze method
(7@C/min) using glycerol as the cryoprotectant (Seigimeand Blesbois, 1995)
and French straw packaging or (2) the rapid freeethod (5@C/min) using
dimethylacetamide (DMA) and French straw packagBigsbois and Grasseau,

2002).

The slow freezing method involves loading 0.5 nmerfeh straws with
semen diluted to 2 x 2@ells/mL and a final glycerol concentration of 11%he
straws are equilibrated t@6 for thirty minutes (Tselutin et al., 1999) aneérh
undergo a step-wise programmed temperature reaucom 5 to -38C at
78C/min and from -35 to -1 at 20C/min and plunged into liquid nitrogen.
Donoghue and Wishart (2000) determined that freprates of -8C, -72C and -
10@C per minute appeared to maintain fertility betkem -TC per minute.

Straws are thawed by rapid agitation imz&€5lcohol bath since this temperature
is optimal for dilution or dialysis to remove glyoé(Wishart, 1995) and then into
a 7%C bath (Lake et al., 1981; Kurbatov et al., 1988pg8uerin and Blesbois,

1995).
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For the rapid freezing method, which was adaptech fi selutin et al.
(1999), semen is diluted and packaged in the saammen as the slow freeze
method, except that 6% DMA is used as the cryoptatd. The straws are
rapidly frozen at a rate of BC/min up to -148C, then are plunged and stored in
liquid nitrogen (Tselutin et al., 1999). The steaare thawed in a BC water
bath for five seconds. Unlike glycerol, DMA doest need to be removed
following thaw. Customized thawing methods foraggeserved chicken and
turkey semen have been described (Buss, 1993;tiFsetwal., 1995). Of these
two particular cryoprotectants, glycerol has trestedeleterious effects on the

viability and membrane integrity of fowl spermatazd selutin et al., 1999).

Cryoprotectants

One of the most critical steps for successful seangopreservation is the
choice of the cryoprotectant. The use of a crytgmtant is necessary to protect
spermatozoa viability from the cryoinjury sustairteding the freezing and
thawing process. Cryoprotectants help preventreezayenaturation, protein
destabilization, and ice crystal formation durihg freeze/thaw process (Chao,
1991). There is a wide range of chicken and tuggrmatozoa cryoprotectants
available, some of the most commonly used inclugeegol and DMA. In
addition to the aforementioned glycerol and DMAjesal other cryoprotectants
have been used such as dimethylsulphoxide, ethylrd, dimethylformamide,
and propyleneglycol (Sexton, 1977; Lake et al.,1t9&ke and Ravie, 1982,
Hammerstedt and Graham, 1992; Surai and Wisha®§)19Because glycerol and

DMA have been used most extensively, the otherpigtectants will not be
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discussed further (Donoghue and Wishart, 2000;dliss 2007; Woelders et al.,
2006). In comparing the efficacy of different camapds for their cryoprotective
ability or toxicity towards chicken and turkey sp@tozoa, the combination of

cryoprotectant type, equilibration time and temp#e and freeze/thaw method

should be chosen carefully.

Glycerol is the least toxic and most effectiveapmotectant, however, it
has a contraceptive effect on intravaginally inseted chicken and turkey
spermatozoa (Hammerstedt and Graham, 1992). ®hisaceptive effect of
glycerol has been discussed at length in earligewes (Hammerstedt and
Graham, 1992; Bellagamba et al., 1993) and rensaimsewhat ambiguous.
Evidence that glycerolated spermatozoa retain ityoitil vitro at room
temperature and that their fertilizing ability whietravaginally inseminated is
poor compared to intrauterine or intramagnal rqugaggests an interaction
between the glycerolated spermatozoa and the aginzosa (Bellagamba et al.,
1993). Since transport and storage of spermatiszaoach more efficient from
intrauterine or intramagnal sites (Bakst et al94)9and because glycerol
damages spermatozoa at physiological temperatua&e (1968), then the
‘contraceptive’ effect may be the result of an iatgion of glycerol and
spermatozoa at temperatures ne@ClOAdditionally, this deleterious interaction
may be osmotic damage and/or may involve modificegtiof the surface-
associated spermatozoa glycocalyx proteins (Hantettrand Graham, 1992;
Steele, 1992). To successfully reduce the glycsntraceptive effect and

improve post-thaw fertility of spermatozoa, remoafglycerol from the frozen-
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thawed spermatozoa &G is performed through dialysis or by centrifugatand
resuspension. However, dialysis is time-consumang, centrifugation causes

further injury to the spermatozoa (Steele, 1992).

DMA is known to be toxic to spermatozoa (Blestamsl Brillard, 2007;
Chalah et al., 1999). However, it does not indosmotic shock as seen with
glycerol(Mocé et. al., 2010). In another study comparimgeffects of glycerol
and DMA on the success of American kestrel sperno@@ryopreservation, fresh
semen and semen containing DMA yielded the higteeslity rates (56.5% and
52.2%, respectively). An intermediate fertilityeaf 30.4% was achieved with
semen frozen with DMA, whereas freshly dilutedrozén semen containing
glycerol produced the poorest fertility (13.6% drid8%, respectively). Unlike
glycerol, DMA does not require removal from frozésawedspermatozoéefore
Al, therefore, it may be useful as an alternatpersatozoa cryoprotectant for a

variety of birds (BroclandBird, 1991).

There have been major improvements in spermatogosurvival in a
variety of mammalian species by combining permegatiyoprotectants, such as
DMA, with natural osmoprotectants that do not peatetthe plasma membrane,
such as sucrose or trehalose (Woelders et al.,; #limataandGraham, 1997;
AboaglaandTerada, 2003; Yamashiro et al., 20Gutiérrez-Pérez et al., 2009).
Permeating cryoprotectants increase membranetfipdeventing dehydration
and reduced intracellular ice formation at lowenperatures (Holt, 2000). Non-
permeating cryoprotectants create an osmotic presisat allows cells to leak
solutes, thereby causing dehydration which loweesfteezing temperature of the
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medium and decreases extracellular ice formatioseffet al., 2002).

Combining the two provides an additive protectiffec.

Cryodiluents

Semen cryodiluents are buffered salt solutionsl tisénake semen less
concentrated and viscous. The use of diluentenmes extension helps to
maintain spermatozoa viability vitro and to maximize the number of hens that
can be inseminated with one ejaculate. Semendahlwith an extender for
poultry is important because poultry semen is wiscand highly concentrated,
containing approximately six to twelve billion sp&tozoa per mL for roosters
and toms, respectively (Donoghue and Wishart, 208@men diluents were
derived over 30 years ago from the biochemical asition of chicken and
turkey semen and have since been only slightly fieat{Lake, 1995; Long and
Conn, 2012). It was found that the amino acidtaghic acid is the main anionic
component of poultry seminal plasma, and therefogeame a standard
ingredient in diluents (Lake 1958, 1960; Lake ancdidoe, 1959). There are a
variety of poultry semen extenders available inlishled reports and sold
commercially. Many researchers have summarizeddhgosition and fertility
results comparisons among of various diluents Kkmaearth, 1983; Bootswala
and Miles, 1992). What becomes apparent from thesews is that there is still
no standard diluent for poultry semen (Donoghue\&inghart, 2000). One major
problem is the amount of variation among the swdégarding the Al dose, time
and frequency, vaginal depth, and the amount goel @y fertility data analyzed

such that the benefits of one diluent over ano€t readily apparent
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(Donoghue and Wishart, 2000). The basic requirésnfen a successful diluent
are to maintain pH and osmolarity, and provide @ticoous energy supply for
the spermatozoa (Christensen, 1995; Long and Gii2). Since the pH of a
diluent can affect the metabolic rate and motibtyspermatozoa, buffering agents
composed of an acid and its conjugate base areim$edanulating a diluent to
prevent changes in pH. For this reason, pouliyedis are composed of
phosphates, citrates and/or organic zwitterionitesudes such alN,N-bis(2-
hydroxyethyl)-2-aminoethane sulfonic acid (BES) &ldris (hydroxymethyl)
methyl-2-aminoethane sulfonic acid (TES) (Donoghnd Wishart, 2000).

Lactic acid buildup occurs in chicken semen aftereased storage time, which
can lower the diluent pH. Therefore, zwitteriomolecules are an important
component in diluents as well (Christensen, 19%9th chicken and turkey
spermatozoa can survive a pH range of 6.0-8.0. eévevw their motility and
metabolic rate can be detrimentally altered bydiheent pH (Bogdonoff and
Schaffner, 1954; Van Wambeke, 1967). A low pH cegumotility, lactic acid
production, and oxygen uptake in chicken spermatoabereas a high pH
increases metabolic ratevitro (Bogdonoff and Schaffner, 1954). In a
comparative study of three commercial poultry dilise Minnesota, I.M.V.-
French, and Beltsville Poultry Semen Extender (BR&kesen and Sexton
(1983) found that turkey spermatozoa extended BRBE at a pH of 6.0 after six
hours had significantly improved fertility and hiaability. For 24 hour storage of
chicken spermatozoa, Lake and Ravie (1979) denaisstthat a pH between 6.8

and 7.1 was optimum for maintaining spermatozaiifng ability.
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Poultry spermatozoa can remain viable in dilugnts osmolarities
ranging from 250 to 460 mosM/kg8 (Donoghue and Wishart, 2000). When
placed in a solution of low osmolarity, the net mment of water into the
spermatozoa causes them to swell and burst, whereasyperosmotic solution,
spermatozoa lose water and shrink (Bakst, 1980hypoosmaotic solutions,
spermatozoa displayed increased incidence of aksnwhich has been found
to reduce fertility (Bajpai and Brown, 1964; Clakal., 1984). Sexton and
Geisen (1982) observed a reduction in turkey spterzoa numbers over an 18
hour storage period also suggesting that spermaterzoe swelling and
hypothesized that the use of hypertonic diluentdccceverse the swelling and

improve survivaln vitro.

Important to the development of diluents and crgsprvation methods
for poultry semen is the understanding of the phlggical differences and
metabolic requirements of spermatozoa among diffexeian species. Chicken
spermatozoa are capable of generating ATP in bartbbéc and anaerobic
environmentsn vitro, whereas turkey spermatozoa require high levetscpfien
for energy metabolism (Sexton, 1974; Wishart, 1984grobic metabolism
necessitates the aeration of turkey semen whighnsrally accomplished by
placing the diluted semen in a well plate on a lgesgitator to maximize surface
to volume ratio. To date, the most effective BRfaE been developed (Table 2)
and published by the Sexton’s animal physiologptatory at the Beltsville

Agricultural Research Service in Beltsville, Mamyth(Sexton, 1977).
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Table 2. The composition of Beltsville Poultry Sentextender.

Component Concentration
Gramg/liter
Potassium diphosphate « 3B 12.70
Sodium glutamate 8.67
Fructose (anhydrous) 5.00
Sodium acetate * 39 4.30
TES* 1.95
Potassium citrate 0.64
Potassium monophosphate 0.65
Magnesium chloride * 6D 0.34
pH 7.50
Osmotic pressure (M.Osm./kg.®) 333

*N-tris [Hydroxymethyllmethyl-2-Aminoethane SulfanAcid.
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Biological Challenges of Avian Semen Cryopreservation

It is well known that the challenges circumventsugcessful poultry
spermatozoa cryopreservation are due to speciesatites in at least two
sources of variability: 1) the physiology and marjagy of the spermatozoa in
the male reproductive tract, and 2) the variatiorthie anatomy and physiology

of spermatozoa transport in the female reprodudtae (Holt, 2000).

Species Differencesin the Male Reproductive Tract

In mammals, secretions from the testis, epididyamsl ductus deferens
make up the seminal fluid prior to ejaculation. mediately following secretion
from the testis, mammalian sperm are not capablertlizing an oocyte. This
ability is progressively gained as the sperm tre@ehe epididymis. The exact
location will vary by species, but generally, fieration-competence is gained in
the body or proximal tail of the epididymis (Yanagichi, 1994). Secretions
from the accessory sex glands are incorporatediwtsemen which raise the pH
and add nutrients critical for spermatozoa matanaith a process known as
capacitation/decapacitation (Schwarz et al., 20MAmmalian spermatozoa can
survive for many months in the male genital duletsyever, once they are
ejaculated, they can live for only 24-72 hours@dytemperatures. In avian
species, capacitation/decapacitation of spermatiszoat necessary for
fertilization to occur. Avian spermatozoa takeredily from the ductus deferens
have fertilizing ability. Seminal fluids in aviapecies are composed of

secretions originating only from the testis, epyainls, and ductus deferens,
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because they have no accessory sex glands (al-Agh®82). In addition, a
fluid secreted during erection which stimulatesehgorgement of the phallic
structure in the cloaca combines with the seminia to produce transparent
fluid. The significance of transparent fluid asaamponent of seminal plasma is
not fully understood (Lake, 1966). Unlike mammalgan spermatozoa, once
delivered into the hen’s oviduct, can retain theitilizing capacity for prolonged

periods of time (Bakst, 2011).

Another major difference between mammalian andraweproductive
biology is the semen volume obtained per collectibhe average ejaculate
volume of a bull, for example ranges from 5 to 8 wihile semen volumes
collected from poultry are considerably less, raggrom 0.1 to 0.3 mL (Long,
2006). The average concentration of poultry seimemuch higher (6 to 10 x 10
sperm/mL) than bull semen (1 to 2x°Eperm/mL) (Long, 2006). Excessive
dilution adversely effects poultry spermatozoa fiorcby lowering the overall
fertilizing ability of frozen-thawed poultry spermeaoa (Sexton, 1977; Duplaix

and Sexton, 1983).

Further differences among avian and bull spernuatquhysiology
contribute several unique features of poultry tikaly influence the outcome of
semen cryopreservation. One prominent differea¢ka morphology of the
avian spermatozoon cell compared with the mammaljp@nmatozoa. Unlike the
paddle-shaped bovine spermatozoa, avian gametésraael-like or filiform
shaped with a smaller surface area-to-volume eattba more condensed nucleus.

These unique morphological differences explain sofrtee differing responses
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to stresses imposed by the cryopreservation prpsaesk as the critical
osmolality at which 50% of the spermatozoa cekslgsed. The critical
osmolality for rooster spermatozoa is consideratler (17 mOsm) than for bull
spermatozoa (36 mOsm) therefore poultry spermatbawva a smaller capacity
for increased volume than bull spermatozoa (Watt@i., 1992). Moreover, it
has been shown that poultry spermatozoa seemhably susceptible to
morphological disruptions during the freeze/thawagess, as frozen-thawed
rooster spermatozoa were found to have higheranciels of mitochondrial,
midpiece, and perforatorium abnormalities thanhfrgsermatozoa (Xia et al.,
1988), and electron microscopy also revealed tO%i 6f turkey spermatozoa
exhibited swollen midpieces following cryopreservat(Bakst & Sexton, 1979;

Marquez and Ogasawara, 1977).

Another interesting feature unique to avian spéoaaa is they are
considerably longer (80 to 90um) than bull spermaao50 to 60um). The avian
spermatozoa tail is nearly eight times the lendttne spermatozoa head which
renders them more susceptible to mechanical irguch as pipetting,
centrifugation, (Agca and Critser, 2002) and fragaziamage (Donoghue and

Wishart, 2000), common during cryopreservation.

The process of cryopreservation places not onlyynplaysical stresses on
the spermatozoa, but also interferes with the noéitapathways essential for
generating ATP energy to support motility. Bothujtiy and bovine spermatozoa
are unable to maintain sufficient ATP content aftgopreservation (Wishart and

Palmer, 1986; Soderquist et al., 1991). Additibnahere are species-specific
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differences in turkey and chicken spermatozoa noditabh which are likely to
contribute to the differences in their ability trgive the freeze/thaw process.
While chicken spermatozoa are equally capable i@ or anaerobic
metabolism (Sexton, 1974), turkey spermatozoa deheir energy requirements
by the aerobic process of oxidative phosphorylatioly (Sexton, 1974; Wishatrt,

1981; Sexton and Giesen, 1982).

Turkey and chicken spermatozoa also respond diffgr when subjected
to lower temperatures. When held at temperatusks\bl15°C, the fertilizing
ability of turkey spermatozoa was compromised, whsmrooster semen held at
5°C did not have reduced fertilizing ability (Sextd981). Due to their varying
responses to cryopreservation, it is evident thasuccess of turkey and chicken
spermatozoa cryopreservation require differenteggias. This rationale can be
extended to the success of many unique genotypimstof poultry research
stocks and all endangered avian species (Bacdn &086; Froman and Bernier,
1987; Tajima et al., 1990; Alexander et al., 1998arrowing the scope of the
discussion from the basic reproductive differertoesomparative spermatozoa
physiology, we find more properties that are unitpupoultry that likely

influence the outcome of semen cryopreservation.

Species Differencesin the Female Reproductive Tract

In mammals, few viable spermatozoa are requireddocessful
fertilization because many females only expressamuen during the estrous
cycle. Even litter-bearing species only ovulatpragimately ten or less oocytes
per cycle. In contrast, poultry hens are managgadduce eggs daily for either a
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5 to 7 month period (turkey) or a 12 to 14 monthquk(chicken layer). Artificial
insemination in mammals is usually timed to coiecrdthin 24 to 48 hours of
ovulation; whereas, hens are inseminated once pek @uring the egg
production period, weekly insemination required tneelatively high number of
poultry spermatozoa remain viable for a minimun? afays within the hen’s SST

to ensure fertilization between inseminations.

From a broad perspective, the species-specifierdifice between avian
and mammalian reproductive tracts begins with treg@ny. Although, birds
have many of the same anatomical reproductive feaias mammals, their
function is considerably different. At coitus, maaian spermatozoa are
generally deposited into the anterior vagina angrate to the protection of the
cervical mucus barrier in the cervix to avoid vagiacid and immune response
before entering the uterus (Suarez and Pacey, 2008 cervical mucus barrier
acts as a filter to prevent spermatozoa with poarpimology and motility from
entering the cervix (Suarez & Pacey, 2006). Falhgwspermatozoa deposit in
the vagina of hens, however, spermatozoa ascethe t8ST located only on the
uterovaginal junction (UVJ) surface epithelium. eTdwvian female possesses the
unique ability to store viable spermatozoa forafite weeks (chicken) or
twelve weeks (turkey) in the SST caudal to themwuierus (Bakst, 1989). To
ensure that an ample population of spermatozoeegept at the site of
fertilization at the infundibulum, spermatozoa d¢ounally egress the SST while
the hen is in egg production (Bakst, 1993, 1998220 The avian molecular and

cellular mechanisms surrounding spermatozoa sefeutithe vagina,
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spermatozoa entrance and survival with the SSTreidmigration from the SST

are not well understood (Bakst, 2011).

Fertilization in mammals occurs when spermatondaé female
reproductive tract migrate from the cervix throubh uterine cavity to the
ampullary-isthmic junction of the oviduct to mekétoocyte migrating from the
infundibulum. After fertilization, the egg entdtlge uterine cavity and implants as
a blastocyst. In avian species, spermatozoa migsata farther up the oviduct to
the infundibulum for fertilization to occur. Aftéertilization, the ovum travels
through the magnum (production of albumen), isthfarisnation of the shell

membrane), and the uterus (formation of the egtf) dlefore exiting the cloaca.

In mammals spermatozoa are guided to the oocyterdbynechanisms,
thermotaxis and chemotaxis (Eisenbach and Gioja5). Studies involving
rabbits (David et al., 1972) and pigs (Hunter amchill, 1986) have shown that at
ovulation there is a 1P temperature difference between the spermatozoa
storage site in the cervical crypts and the warmangpullary-isthmic junction
fertilization site. In the rabbit’s oviduct, thenhiperature difference is due to a
decrease in temperature at the spermatozoa steitagd8ahat et al., 2005).

Bahat et al. (2003) further showed this to be anaiion-dependent difference
beginning 10.5 to 11 hours post-mating rising fi@@+0.21C before ovulation to
1.6+£0.72C after ovulation. These findings suggest that mairan spermatozoa
are thermotactically responsive to an ovulationesglent temperature gradient by
migrating towards the warmer fertilization site (Baet al., 2003). Furthermore,

only capacitated spermatozoa are thermotacticedigonsive (Bahat et al., 2003).
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Capacitated spermatozoa may first be guided byribtiexis (Bahat et al., 2003;
Bahat and Eisenbach, 2006), then chemotacticadlyprogesterone and other
unknown chemoattractant(s) secreted from the oamyteulus cells as the
spermatozoa near the oocyte (Sun et al., 2005;sTetval., 2006; Oren-Benaroya
et al., 2008). This is consistent with the obseovethat oocyte cumulus cells
secrete a substance that alters the pattern ahspezoa mobility (Bronson and
Hamada, 1977) and that cumulus secretions imptoéettilizing ability of
spermatozoa penetrating into the oocyte (Tanghé,&£2002). It is known that
Cd" signaling in mammalian spermatozoa is criticaldpermatozoa motility,
hyperactivation, capacitation, and the acrosometica(Carleson et al., 2003;
Suarez and Ho, 2003; Publicover et al., 2008; KakrBrown et al., 2002). It
also plays an important role in mammalian and n@mmalian spermatozoa
chemotaxis, chemotactic and thermotactic signalstgtaction pathways in many
unicellular species, and thermotaxis in a variétgukaryotic cells (Cook et al.,
1994; Eisenbach, 1999; Spehr et al., 2003; Kauph,2003; Bohmer et al.,

2005; Kaupp et al., 2006).

Unlike a wealth of published literature regardihg thermo and
chemotactic mechanisms of mammalian spermatozoditpobrough the female
reproductive tract, there is only evidence of thegehanisms reported in marine
invertebrates (Kaupp et al., 2003, 2006) We do kriewever, that avian
spermatozoa harness energy by'@gcling to activate phospholipase,Avhich
generates palmitic and stearic acidffesxidation within the mitochondrial

matrix for spermatozoa motility (Froman and Feltma2005). However, while
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all mobile spermatozoa are motile, not all motpersnatozoa are mobile, thus
spermatozoa mobility is critical for fertility ambt motility (Froman, 2003;
Froman and Feltmann, 2005). Immobile spermatopotat dysfunctional
mitochondria (Froman and Kirby, 2005). It has bseggested that the success of
long-term commercial cryopreservation may depertnty on preserving
mitochondrial integrity and Gacycling, but the spermatozoa mobility phenotype
(Froman and Feltmann, 2010) This would explainhtigd variation in
cryopreservation efficacy among lines and amongesaithin lines due to

variation in spermatozoa phenotype (Fulton, 2006nfan and Feltmann, 2010).
The Role of Carbohydratesin Poultry Sperm Function

The glycocalyx is a dense carbohydrate- rich ogabn the external
surface of all eukaryotic cells. This coat is casgd of oligosaccharide chains
covalently bound to glycolipids or glycoproteinsvesl as polysaccharide chains
covalently linked to proteoglycans. Interestingigt all the glycoconjugates are
tightly bound to the cell surface membrane; soneeasaisorbed by the outer cell

membrane to assist in forming the glycocalyx (Atbet al., 1994).

The composition of the spermatozoa glycocalyxbeen investigated and
identified through the use of specific lectins bgmy investigators (Koehler,
1981; DeCerezo et al., 1996; Pelaez and Long, 208@gcific lectins bind to
different types of carbohydrate chains, and theprbyide the distribution of the
sugar moieties forming the glycocalyx (Cumming940® These studies have

shown that the spermatozoa glycocalyx is highly glemx For comparison, the
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glycocalyx of mammalian oocytes is composed of dintge glycoproteins
(Yanagimachi, 1994), whereas the spermatozoa giygocs estimated to contain
50 to 150 distinct glycoconjugates (Schréter ef899). Additionally, the
glycoconjugates are segregated to form differemttional domains rather than
homogenously distributed on the surface of therspyzoa (Schréter et al,
1999). The mammalian spermatozoa glycocalyx isicoausly and extensively
modified during maturation and transit through éipedidymis and the female
reproductive tract, which makes exact characteomatxtremely difficult

(Diekman, 2003).

The glycocalyx of spermatozoa serves as the pyiméerface between
the male gamete and a hostile female reproductive@ment. Not all of the
specific functions have been delineated, howevekwesy that the spermatozoa
glycocalyx assists in spermatozoa maturation, mgtibinding and penetration of
the oocyte, and provides immunoprotection for fhermatozoa as it traverses the
female genital tract (Schréter et al, 1999; Pelet Long, 2007). In the
mammalian reproductive tract, glycoconjugates playitical role in the
mechanisms that control spermatozoa maturatiorirandport, and gamete

interactions (Diekman, 2003).

The majority of the research pertaining to the position, distribution
and function of the spermatozoa glycocalyx has loé¢ained from mammalian
species. There have been a few studies documehgmdjstribution,
composition, and functional implications of the spatozoa outer membrane
glycoconjugates of other taxa, such as invertebrdallai et al., 2011), and
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fishes (Walter et al., 2005). Research documentiaggomposition, distribution
and function of the avian spermatozoa glycocalyx¢dntrast, is limited.
Characterization of the poultry spermatozoa glyboce the first step in
determining the precise physiological impact of earstorage on spermatozoa
function (Peldez and Long, 2007). Early resehaishown that the glycocalyx
of chicken spermatozoa contains sialic acid (SAiduwes (Froman and Thurston,
1984). A more recent investigation by Pelaez amalg(2007) identified the
specific glycoconjugates associated with the tuikey chicken spermatozoa and
their distribution. The glycocalyx of turkey andicken spermatozoa is
composed mainly of glycoconjugates contairfirgalactoseg-mannosel-

glucose, and terminal SA residues (Pelaez and L200@)).

Poultry Sperm Sialic Acid

Sialic acids are nine-carbon backbone amino sugarsl abundantly on
the glycocalyx (Schauer, 1982, 2004). The entiyeagalyx of both turkey and
chicken spermatozoa is coated by SA residues (L20@5). The general
biological functions of SA are to modulate immueeagnition during
fertilization and embryonic development (Ma, 2018).the rooster, SA plays a
role in spermatozoa mobility through the hen’s wagi This was demonstrated in
poultry spermatozoa treated with neuraminidasdgave terminal SA residues
prior to insemination (Steele and Wishart, 199Biis suggests that removal of
spermatozoa surface SA residues may decrease inpmoection, resulting in
cell death by an immunologically-based spermataalaction mechanism

(Steele and Wishart, 1996). Thus, the SA coatirthepoultry spermatozoa
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glycocalyx enables spermatozoa to survive as alleigecells in the female
reproductive tract despite female immunity. SAdalso been implicated for
spermatozoa agglutination during storage in thésh®8T (Froman and Thursam,

1994).

SA has been found to mask antigens and receipésran the cell
membrane, which therefore makes it difficult toastetine their specific
distribution (Schauer, 1985). Masking of a largganty of the carbohydrate
residues in poultry spermatozoa glycocalyx was destrated following the
enzymatic removal of terminal SA residues with aeinidase from the
glycocalyx (Peladez and Long, 2007). To date oty way to quantitatively
measure SA residues is indirectly through fluoraseédntensity following

incubation with fluorescein-labeled lectin bindipgpteins (Miller et al., 1982).

Limax flavus (LFA) Lectin

Lectins are carbohydrate-binding proteins withghlbinding affinity for
specific glyconjugates (Lis and Sharon, 1973; Sh&d.is, 1975; Pereira and
Kabat, 1979; Goldstein and Hayes, 1978). Dueddtbh degree of specificity
exhibited by individual lectin binding of glycolighiand glycoprotein carbohydrate
residues, lectins have been used extensively iractexization and distribution
studies of eukaryotic cell membrane componentsléiMdt al., 1982). Lectins are
ubiquitous in nature and found in almost every p&ard animal. Garden slug
Limax flavugLFA) lectin exhibits specificity for SA and is,ahefore, the lectin

of choice for measuring SA-containing glycoprotgiitlier et al., 1982).
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Chapter 2: The Effect of Sialic Acid on the SuscetPoultry Spermatozoa

Cryopreservation
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Abstract

There is significant interest in developing methtwsavian semen
cryopreservation for conserving desirable genegitst for both elite lines for
commercial poultry production and endangered spamaservation. Presently,
cryopreserved poultry sperm retains < 2% of theligng ability of fresh semen.
Turkey and chicken hens can maintain viable sparaperm storage tubules
(SST) for up to 10 weeks (turkey) and 3 weeks {a@mg post-insemination. The
glycocalyx of poultry sperm contains large amowftgerminal sialic acid (SA)
residues. Poultry sperm treated with the enzymeaneinidase to remove SA do
not successfully reach the hen’s SST. Hypothertoiage of poultry sperm
reduces the amount of SA detectable on the sudbitee sperm. Ongoing studies
suggest that turkey sperm held at 4°C for 24 h difierent concentrations of SA
have improved fertility. We hypothesized that pouperm can incorporate
exogenous SA and that this restoration will imprtwefertility of frozen/thawed
sperm. The objective of our first experiment wadetermine the optimal time,
dose, and temperature, for SA uptake by tom ansteogperm. Semen samples
were collected from toms and roosters, transpddele laboratory at 25°C, and
pooled. Pools were diluted to 2.5 X’ Eperm/mL with extender and aliquoted as
control (no SA treatment) or 1 of 5 SA treatmef)s40, 80, 120, 160, or 240
pg/mL (toms) or 2) 40, 80, 120, 160, or 200 g/ndoéters). Control and SA-
treatment semen samples were incubated at 25°@Cofo4 2 h. At 30 min
intervals, aliquots were removed and incubate@®fmin at 37°C with Limax

flavus lectin conjugated to a fluorochrome (to det®A residues) and propidium
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iodide (PI) (to detect and exclude dead sperm)ofaahg incubation, samples
were centrifuged (1800 rpm; 5 min), and the fluoeexe of the two probes were
determined by flow cytometry. Data (n=6 toms; nebsters) were analyzed
using mixed model Proc Mixed of the least squaramagand significant effects
(P<0.05) were observed for both sperm viability &#dcontent as a function of
SA incubation temperature, incubation time, anceddsor both turkey and
rooster, the viability of the control and SA-treatperm over two hours was
significantly higher at 25°C (turkey: 64.2 to 72.@92.4% SEM,; rooster: 67.9 to
78.6% +2.0% SEM) than spermatozoa that incubatdd@iturkey: 63.0 to
65.7% +2.4% SEM,; rooster: 69.4 to 70.9% +2.0% SKpA0.0040 and p=0.0093
respectively). Interestingly however, the peragetof spermatozoa exhibiting
the highest levels of SA was different in toms tharoosters. The percentage of
high SA content in toms was significantly highedat (8.2 to 14.1% +1.7%)
than at 25°C (2.4 to 8% +1.7%) (p<.0001), wherea®osters the percentage of
high SA content was significantly higher in spermaubated at 25°C (12.6 to
17.1% £3.5%) than at 4°C (2.1 to 6.9%+3.5%) (p=0X00 Our second
experiment, to evaluate pre-freeze vs. pre-fre@atfihhaw as the ideal time-point
for SA incubation, was designed based on the efwitn experiment one. For
toms, we incubated the control and 80, 120, 160,240 g/mL SA-treated
spermatozoa for 30 min prior to freezing (pre-fedeand again for 15 min post-
thaw (pre-freeze/post-thaw). For roosters, welwated the control and 20, 40,
80, and 120 pg/mL SA-treated spermatozoa for 30pmaor to freezing (pre-

freeze) and again for 5 min post-thaw (pre-freezstfthaw). Data (n=6
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hens/treatment) were analyzed using a repeatedunesaBroc Glimmix program
for binomial distribution of data of the least sppianeans. Significant effects
(P<0.05) were observed for the percentage of fetality in turkeys and
chickens. In turkeys, the 160 pg/mL SA pre-freeegatment improved the
fertility of frozen/thawed spermatozoa 40% vs. &ngrol) (p=0.0513). In
chickens, the 120 pug/mL SA pre-freeze treatmentavgd the fertility of

frozen/thawed spermatozoa 10% vs 3% (control) (34D).

We conclude that poultry spermatozoa can incorpaabgenous SA and
both turkey and chicken SA-treated spermatozoarnptbved total fertility

(40%, 10% respectively).
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I ntroduction

The importance of avian semen cryopreservationdrasbeen received
as an invaluable reproductive strategy for consgrdiesirable genetic traits for
both commercial meat and egg production and endaedgpecies conservation
(Long, 2006). Spermatozoa cryopreservation tedgyhas been around for
more than 50 years following the discovery of ghpt@nd its cryoprotectant
gualities (Agca and Critser, 2002). This scieatifreakthrough is widely used in
the commercial dairy and beef industries. Howesdtespite the fact that it was
the rooster that led to this achievement (Polgg1)cryopreserving poultry
semen still is not effective. Cryopreserved pousjpgrmatozoa retains < 2% of
the fertilizing ability of fresh semen (Wishart,88). This rate of success is
obviously too low for use in commercial poultry nagement applications as a
method for long-term storage of genetic stocks @,&@906). In addition, there
are significant differences in spermatozoa viapdihd functionality following
cryopreservation among commercial species (tutmiler-type chicken and

layer-type chicken) (Long, 2006).

Turkey and chicken hens have the ability to stperrmatozoa in SST for
up to 10 weeks (turkey) and 3 weeks (chicken) aathtain the fertilizing
capacity of the spermatozoa in the absence ofstenBlesbois and Brillard,
2007). This enables the hen to lay fertile eggsafprolonged period of time
from one insemination (Blesbois and Brillard, 2Q0This phenomenon is made
possible by sperm sequestration within the SSTigitng a reservoir of viable

spermatozoa (Froman and Thursam, 1994). Altholglptecise mechanism of
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prolonged fertility from spermatozoa stored witR8T is not understood, cell
surface SA has been found to assist in spermaseEmpaestration (Froman and
Thursam, 1994). The glycocalyx of poultry spermaatbcontains large amounts
of terminal sialic acid (SA) residues attachedratgins and lipids within the
plasma membrane (Pelaez and Long, 2007). It hexs $leown that poultry
spermatozoa that have been treated with the enmgomaminidase to remove SA
do not successfully reach the SST in the hen’sumtiFroman and Engel, 1989).
More recently, it has been shown that hypothertuage of turkey (Pelaez and
Long, 2008) and chicken (Frohman and Thursam, 188d)matozoa reduces the
amount of SA detectable on the surface of the sp&mgoing studies suggest
that turkey spermatozoa held at 4°C for 24 houth different concentrations of
SA have improved fertility. This project will tete hypothesis that SA lost
under hypothermic conditions can be replaced bidicg SA in the cryodiluent,
and that the fertility of frozen/thawed poultry spetreated with SA will be
improved. Accordingly, the specific objectives this study were: 1) to verify
that poultry sperm can incorporate exogenousrbtro; 2) to determine the
optimal temperature and length of time for SA uptlly poultry sperm; 3) to
determine optimal dose of SA for cryopreservatibpaultry sperm; and 4) to
evaluate pre-freeze vs. pre-freeze/post-thaw asléda time-point for SA

incubation.
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Materials and Methods
Resear ch Facilities

The animal research for this project was conduatete Beltsville
Agricultural Research Center (BARC) in Beltsvilaryland. The coursework
and statistical analysis for this project were aartdd at the Animal and Avian
Sciences Department at the University of Maryldballege Park.
Animals

Data were collected from 144 turkeys (84 male ahéeéale Hybrid
Grade Converter Turkeys; Kitchener, Canada) andchizkens (84 male and 120
female chickens Hy-Line W-36; Hy-Line Internationglizabethtown, Pa)
maintained using standard management practicéeiBARC poultry facilities
under lighting conditions (14L:10D light cycle furkey; 16L:8D light cycle for
chicken) for spermatozoa and egg production.
Semen Collection and Evaluation

For maintenance, semen was routinely manually celte(Quinn and
Burrows, 1936) from each tom twice per week anddtirmes per week for
roosters. On the day of an experiment, collecteagesewas immediately
transported in a covered Styrofoam box to thertgd@iboratory to avoid contact
with the variable environmental conditions. In takoratory, the neat semen was
pooledafter being found to have normal color and consiste To determine the
initial spermatozoa concentration, 10uL of neatesemas added to 1.99 mL of
3% sodium citrate solution and measured on a phetiem Spermatozoa were

then diluted to a concentration of 2.5 X $perm/mL with the appropriate
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extender, depending on the species dilution fa@ndsthe type of experiment
performed. Only spermatozoa samples having >508élin& viability following
flow cytometry evaluation of Sybr-14/Propidium iddi(P1) Live/Dead stained
cells (L-7011; Molecular Probes, Eugene, OR) weadtuided in further analysis.
Detection of Terminal SA on Spermatozoa M embranes

On the day of an experiment, SA stock concentratwere prepared using
>95% synthetic N-Acetylneuraminic acid (sialic adif)gma-Aldrich, St. Louis,
MO) stored at 20 °C and Beltsville Poultry SemeteBger (BPSE) or other
cryodiluent, depending on the experiment performédrification that poultry
spermatozoa can incorporate exogenousrSAtro was determined using SA-
specific lectinLimax flavudectin (LFA) with added PI. For all experiment$A
was used at a concentration of 100 pg/mL in Trid-bi@fer (TBS; 0.05 M Tris
HCI, 0.3M NaCl [pH 7.5]) (EY, Laboratories, Inc.a®Mateo, CA) (Pelaez and
Long, 2008). On the day of use, 50 pL of stock LEAg/mL) was diluted with
450uL of Tris-HCI buffered solutionEach 0.05uL semen sample analyzed was

first incubated in 120uL LFA with 0.05uL PI.

Flow Cytometry

A Coulter Epics XL-MCL Flow Cytometry (Coulter Carpation, Miami,
Fla) equipped with a single 488-nm excitation sewm@s used for all analyses.
Forward and side scatter gating was employed &xssingle spermatozoa from
clumps and debris. The fluorescence from FITCasthispermatozoa was
collected in FL1 (525nm band pass) fluorescenceatiet. The percentage of the

viable sperm population and high uptake of SA Bsrs@tozoa based on

36



fluorescence intensity/cell was recorded from thé 8etector output to
determine lectin-binding related changes in theupstton (Figure 1). Only the

fluorescence of the live sperm cells (Pl negatwa$ used in the final analysis.

Baselint0, C SA sample after 30 min

1000

FL3 LOG

-1 1000 -1 1000
FL1 LOG FL1 LOG

[ B.]Weakly positive LFA cells indicating sperm pogtibn with low levels of
SA.
C. Positive LFA cells indicating sperm populatioithsnormal levels of SA.
Strongly positive LFA cells indicating sperm pibgition with high levels of
SA.
[E.| Black dots above the line represent PI+ or viable cells and were not
included in the analysis. Black dots below the lieeresent PI- or viable cell
and were included in the analy

UJ

Figure 2. Flow cytometer gating showing the shgtof the spermatozoa over time.
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General Cryopreservation Procedures

The general poultry spermatozoa cryopreservationgutures are outlined
in Table 3. Raw tom semen was diluted 1:1 with8@8/Kg ASG (“solution
7.1,” Lake and Ravie, 1979) plus SA cryodiluentuidd semen was equilibrated
for 30 minutes at %, and then further diluted 1:2 with ASG containih@%
dimethyl acetimide (DMA) for a final concentratiai 6% DMA. Semen was
immediately loaded into 0.50mL French straws aradeskwith a bead or powder.
The straws were placed on a Styrofoam raft anddtba.25cm above the liquid
nitrogen (LN) for two minutes, then straws were plunged in®lth, and placed
in a LN, canister for -196°C storage. Raw rooster semendiaged 1:1 with
360mO0Os/Kg, 6.8 pH Hanzawa (Hanzawa et al., 2008)diluent containing none
or 4X concentration of SA, equilibrated for 30 nmtiesiat 8C, then further diluted
1:1 with 18% methyl acetimide (MA) to yield a finebncentration of 9% MA.
Semen was immediately loaded into 0.50mL Frencawstrand sealed with a
bead or powder. The straws were placed on a S@mofraft and floated 4.5cm
above the LMfor two minutes, and then straws were plunged the®o LN, and
placed in a LN canister for -196°C storage. Tom and rooster Streamnoved
from LN, storage were thawed by vigorous agitation for 3fbsds in 8C water
bath. The excess water was removed from each stnastraw ends were cut

and allowed to flow directly into an Eppendorf tube
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Table 3. General Cryopreservation Procedi

Procedure
Treatment Toms Roosters
Cryodiluent ASG Hanzawa
Semendiluent * 11 b
Cooling** 5°C for 30 min 5°C for 30 min
Cryoprotectant Dimethyl acetimide (DMA) Methyl acetimide (MA)
Initial [18%] Initi§18%]

Final [$% Final [9%]
Package French straw (0.5mL) French straw (0.5mL)
Vapor freezing 1.25cm above,LN 4.5cm above LN

for 2 min; then plunge for 2 minethplunge

Thawing Vigorous agitatiat Vigorous agitation at

5°C fdd 8ec 5°C for 30 sec

* For turkey, diluted 11 with 0, 160, 240, 360, or 240 pg/mL SA, for clank
diluted 11 with 0, 40, 80, 160, or 240 ug/mL SA.

**For chicken, separate aliquots of diluted sememenincubated with SA at 25°C
for 30 min, then cooled to 5°C for another 30 min.

Artificial Insemination and Fertility Assessment

A total of 54 turkey and 108 chicken hens that weregg laying
production for one month were selected for usechEarkey hen was
inseminated with 300 x #@perm, and each chicken hen received 200’ si€rm

per dose, per day, for two consecutive days. Ratlg the insemination of the
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hens, eggs were collected daily and set on daynse&dotal of 1776 (10 weeks)
turkey and a total of 1529 (2 weeks) eggs wereviddally candled after seven
days of incubation and categorized as fertile tartile. Fertile eggs were placed
back in the incubator to hatch while infertile eggsre broken out to verify
infertility or early (<48h) or late (>48h) embryamieath. All eggs that candled
fertile and either died early or late during embrigadevelopment were included

in the statistical analysis.

Experiment 1. Deter mining the Optimum Temperature, Time, and Dose for
Tom and Rooster Spermatozoa Sialic Acid Uptake.

For both turkey toms and chicken roosters a basdine O for the pooled
semen samples was diluted with BPSE (1:3 for tomaslal for roosters), and 5
ML was placed in a 1.5mL Eppendorf tube contaidid@ puL LFA and 5 pL of PI
counterstain, and then incubated at 37 °C for 3tutes. The baseline samples
were used to establish the flow cytometer gatinguife 1) for the viability and
SA uptake measurements for each experimental egjgiic For turkey, the
remaining pooled semen was first diluted 1:2 withSE, and then divided
equally among six treatment wells. An equal volwsh&x concentration of SA
was added to the appropriate well to obtain thé@eés$inal concentrations of
either 40, 80, 120, 160, or 240ug/mL, and sampk®\wncubated in the dark at
either 25 °C or 4 °C for two hours. For the turkewtrol (no SA) 1:2 BPSE was
added and incubated in the dark at either 25 %€°@r for two hours. At 30 min
intervals, 5uL of each treatment and control wareibated in LFA/PI stains for

30 min at 37 °C. Following incubation, the samplese centrifuged at 1800 rpm
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for 5 minutes, supernatant removed, and the speti@t pvashed

and re-

suspended with 1mL Tris-HCI buffer and read onflv cytometer. For

roosters, the remaining pooled semen was dividedlggamong

six Eppendorf

tubes and diluted 1:1 with BPSE (control 0 SA) drwith a 2x concentration of

SA plus BPSE to obtain the desired final conceiutnatof 40, 80, 120, 160, or

200pg/mL SA. The remaining procedures for the sesagnples are outlined in

Figure 3.

Pooled seme

Dilute to 2.5 x 1° sperm/mL

Contro SA treatment

Incubate samples with/withoSA at 4°C or 25°(

Remove aliquots from control and treatme

at 30 min intervals for up to 2h incubation,

nts

Incubate samples in LFA lectin at 37°C for 30 mjn.

intensity on flow.

Set baseline gating and measure viability and dscence

Control: 0 pg/mL SA.

LFA: Limax flavudectin

Tom SA treatments: 40, 80, 120, 160, and 240 pg/mL
Rooster SA treatments: 40, 80, 120, 160, and 20

Figure 3. General experimental design of experirierDete

rmining the

optimal temperature, time, and dose for tom andtecsperm SA uptalk
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Experiment 2: Deter mining the Optimum Pre-freeze or Pre-freeze/Post-thaw
conditionsfor SA Uptake by Turkey Sper matozoa.

The experimental design for turkey experiment twigire 4) was based
on the results from experiment one for turkeysr thkeys, a total of ten

treatments (n=6 hens/treatment) were used to afes@sty.

Control 1
(O pg/mL SA)

*Thawed and *Thawed, incubated with SA
Inseminated (pre-freeze) For 15 min, and
inseminate
Trt 1 Trt 2 Trt 3 Trt 4

(240 pg/mL SA) | | (240 pg/mL SA) || (240 pg/mL SA) [| (240 pg/mL SA)

*Thawed and **Thawed, incubated with SA
Inseminated (pre-freeze) For 15 min, and
inseminate

*Samples represent semen treated with SA only poidreezing.
*Samples represent semen treated with SA befaezing and for 15 min after

thawing.

Figure 4. General experimental design for turkgyegiment 2: thawing
and inseminatinu

First, the frozen turkey semen samples were thagdd/o groups: 1) samples
treated with SA (80, 120, 160 or 240 pug/mL) at 46€30min before freezing
(pre-freeze), then administered to hens; and 2pketreated with the
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aforementioned SA concentrations before freezimgeayain after thawing at 4°C
for 15min (pre-freeze/post-thaw), then administacedens. The control groups
(no SA) were treated the same, but without the @@k then administered to

hens.

Experiment 2: Deter mining the Optimum Pre-freeze or Pre-freeze/Post-thaw
conditionsfor SA Uptake by Rooster Sper matozoa.

The experimental design for rooster experimentigure 5) was based
on the results from experiment one for roosters: réosters, a total of twenty
treatments (n=6 hens/treatment) were used to afgébty. We divided semen
into four groups: 1a) semen treated with SA (20,8 or 120 pg/mL) for 30min
at 5°C (pre-freeze), then administered to heng;pldsfreeze treated semen plus
additional SA (20, 40, 80, or 120 pg/mL) for 5mirbaC after thawing (pre-
freeze/post-thaw), then administered to hens;s@ajen treated with SA (20, 40,
80, or 120 pg/mL) for 30 min at 25°C, then coole®tC and administered to
hens (pre-freeze); and 2b) pre-freeze treate@sgius additional SA (20, 40,
80, or 120 pg/mL) for 5min at 25°C after thawinge(jireeze/post-thaw), then
administered to hens. The controls (no SA) wereated the same, but without

the added SA, then administered to hens.
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Group 1 Control 1
(4°C) (Opg/mLSA)

Thawed and inseminated| Thawed, incubated with SA
(pre-freeze) for 5 min, and inseminateg
(pre-freeze/post-thaw)

Trtl Trt 2 Trt 3 Trt4
(20 ug/mLSA) (40 pg/mLSA) (80 pg/mLSA) (120 pg/mL SA)

| | | |

Thawed and inseminated| Thawed, incubated with SA
(pre-freeze) for 5 min, and inseminateg
(pre-freeze/post-thaw)

Group 2 Control 2
(25°C/4C) (O pug/mLSA)
Thawed and inseminated| Thawed, incubated with SA
(pre-freeze) for 5 min, and inseminated
(pre-freeze/post-thaw)
Trt5 Trt 6 Trt 7 Trt 8
(20 pg/mLSA) (40 pg/mLSA) (80 pg/mLSA) (120 pg/mL SA)

| \ | \

Thawed and inseminated| Thawed, incubated with SA
(pre-freeze) for 5 min, and inseminated
(pre-freeze/post-thaw)

Group 1: Semen incubated with SA during coolirgpsit 5°C.
Group 2: Semen incubated with SA at 25°C, theretbtw 5°C.

Figure 5. General experimental design for chickgreement 2: thawing and inseminating.
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Statistical Analysis

Treatment and fertility data analysis were perfatrasing SAS 9.2 (SAS
Institute, Cary, NC). A repeated measure, mixediehanalysis of variance was
utilized, with the p value for significance se0ad5 (Little et al., 1996). For
treated spermatozoa data, six replications withmmim baseline viability of 50%
were analyzed after raw data was 100% normalizéldetpercentage of live at
each dose, time and temperature. Homogeneitgafrent variance and
Shapiro-Wilk normality of distribution of residuatrors were both examined
prior to the selection of covariance structure. L’MEANS statement using the
DIFF option was used for comparison of least sqgiareans. For the statistical
model, assay and dose rate were considered adfkaxts, while the sialic acid
incubation time in minutes was considered a randftiect. For the fertility data
analysis, PROC GLIMMIX was performed for binomiatdibution, with hen as

the fixed effect and week in laying production ddesed a random effect.
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Results

Experiment 1. Deter mining the Optimum Temperature, Time, and Dose for
Tom Spermatozoa Sialic Acid Uptake.

Overall, the mean percentage of membrane-intagibte turkey
spermatozoa (Figure 6) incubated at 25°C (64.2t0% + 2.4%) was
significantly higher than spermatozoa that was liated at 4°C (63.0 to 65.7%

+2.4%) (p=0.0040).

S 1005 S0 min
E 80- B30 min
%) a a 860 min
S 60 - @90 min
= 8120 min
@ 40 -
©
o)
g 20 -
[}
=

O |

25°C 4°C
Incubation Temperature

Figure 6. The percentage of membrane intact tuskeymatozoa (viability) at
25°C and 4°C incubation temperature with/without$Ato 2hr. The different
superscripts between the two incubation temperaindicates significant
differences at those time points (p<0.05).
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The mean percentage of membrane intact turkey spenoa with
strongly LFA-positive fluorescence or high levefsS&\ uptake (Figure 7) was
significantly higher at 4°C (8.2 to 14.1% £1.7%¥(@001) than at 25°C (2.4 to

8.0% £1.7%) incubation temperature with/without G#to 2hr.

N
N
)

H0 min

® 30 min
E60 min
@90 min
2120 min

Strongly LFA-pos Sperm (%)
|_\
H

o
]

25°C 4°C
Incubation Temperature

Figure 7. The percentage of membrane intact tuskeymatozoa with strongly
LFA-pos fluorescence at 4°C and 25°C incubationpemature with/without SA
up to 2hr. The different superscripts between weeinhcubation temperatures
indicates significant differences at those timeno{p<0.05). Incorporation of
SA as assessed by LFA was greater at 4°C than @63C05).
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When the mean fluorescence intensity (MnFl) ofgtiengly LFA-
positive turkey spermatozoa at 4°C (Figure 8) wedyaed, none of the time
points were different from the control value of 2&1.6 MnFl (p>0.05),

therefore, we elected to incubate sperm for thetssioduration of time in

a a a a a
0 I T I T I T I T l
30 60 90 120

control

experiment 2.

a1
o
J

Fluorescence Intensity
N
a1

Minutes of Incubation

Figure 8. The MnFI of strongly LFA-positive turkeperm at 4°C over time.
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When the percentages of strongly LFA-positive tyrgpermatozoa in
control and SA treatments at 4°C for 30min (3.714% +3.5%) (Figure 9) were
analyzed, none of the SA doses were significantfgrént from each other
(p>0.05). Therefore, we elected to treat the speitimthe four highest SA doses:

80, 120, 160, or 240 pg/mL in experiment 2.

a 3 3
a
| i i a i i
80 120 160 240

control 40
Sialic Acid Dose (pg/mL)

= N
(o)) EEN
1 )

Strongly LFA-pos Sperm (%)
oo

o

Figure 9. The percentage of strongly LFA-positikey spermatozoa at 4°C for
30min with 0 to 240 pg/mL SA.
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Experiment 2: Deter mining the Optimum Pre-freeze or Pre-freeze/Post-thaw
Time-point for SA Uptake by Turkey Sper matozoa.

The mean percentage of total fertility (Figure fd))eggs (n=1776) laid
over a 10-week period from turkey hens inseminatgid 160 g/mL, pre-freeze
SA-treatment than the control (p=0.0164), 80 4Rd pug/mL SA treatments

(p=0.0057, p=0.0118 respectively).

60 -
Hm Pre-freeze

O Pre/post

SN
o
1

Total Fertility (%)
N
o

control 80 120 160 240

Sialic Acid Dose (pg/mL)

Figure 10. Total turkey fertility (%) from pre-feee and pre-freeze/post-
thaw control and SA treated sperm. The differepesscripts between the
control and SA doses indicates significant differss(p<0.05).
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Although the 160 pg/mL SA pre-freeze treatment{Fegl0) exhibited the
highest percent of total fertility, the same susadisl not hold true for there-
freeze/post-thal60 pg/mLSA treated sperm.

Experiment 1. Deter mining the Optimum Temperature, Time, and Dose for
Rooster Spermatozoa Sialic Acid Uptake.

Similar to turkeys, the mean percentage of membrataet or viable
rooster spermatozoa (Figure 11) incubated at 2670 (to 78.6% +2.0%) was
significantly higher than spermatozoa that was lrated at 4°C (69.4 to 70.9%

+2.0%).

g 100 - B0 min

% 80 - a @ a? 2 b b @30 min
) § =g @60 min
‘g 60 - \ ©90 min
% 40 - § 8120 min
£ 20 §

2 .

25°C 4°C
Incubation Temperature

Figure 11. The percentage of membrane intact yuskermatozoa at 25°C and
4°C incubation temperature with/without SA up ta.2fihe different superscripts
between the two incubation temperatures indicaggsfeant differences at those
time points (p<0.05).
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Contrary to the turkey results, the mean percendhgeembrane-intact
rooster spermatozoa with strongly LFA-positive flescence or high levels of SA
uptake, (Figure 12) was significantly higher at@5¢12.6 to 17.1% +3.5%)

rather than at 4°C (2.1 to 6.9% +3.5%) incubatemperature with/without SA

up to 2hr.
S 221 0 min
% a B30 min
c% #60 min
8 090 min
2_ 11 2 120 min
LL
-
=
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o

251C 471C
Incubation Temperature

Figure 12. The percentage of membrane intact @oggpermatozoa with strongly
LFA-pos fluorescence at 4°C and 25°C incubationpemature with/without SA
up to 2hr. The different superscripts between weeinhcubation temperatures
indicates significant differences at those timeno{p<0.05). Incorporation of
SA as assessed by LFA was greater at 25°C tharfp&C05).
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Similar to turkey, when the MnFI of the stronglyAfpositive rooster
spermatozoa at 25°C (Figure 13) was analyzed, abtie time points were
different from 44.1 +3.1 MnFI (p>0.05). Thereforeg elected to incubate sperm

for the shortest duration of time (30 min) in expemt 2.

50 a 3

> : 2 a
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control 30 60 90 120

Minutes of Incubation

Figure 13. The mean fluorescence intensity oingjiypL FA-positive rooster
sperm at 25°C over time.
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When the percentages of the strongly LFA-posito@ster spermatozoa in
the control and SA treatments at 25°C for 30mif3 (6.18.9% +4.6%) (Figure
14) were analyzed, none of the SA doses were gignify different from each
other (p>0.05). Therefore, we elected to treastterm with the three lowest SA

doses: 40, 80, or 120 pg/mL in experiment 2.

a
a
a
i a
80 120 160

Sialic Acid Dose (pg/mL)

w
N

a

a '

control 40

N
N

Strongly LFA-pos Sperm (%)
© o

0
200

Figure 14. The percentage of strongly LFA-positivester spermatozoa at 25°C
for 30 min with 0 to 200 pg/mL SA.
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The mean percentage of total fertility (Figure &) éggs (n=1776) laid
over a 10-week period from turkey hens inseminatit frozen/thawed
spermatozoa was significantly higher for the u@@mL, pre-freeze treatment
than the control (p=0.0164), 80 ab®0 pug/mL SA treatments (p=0.0057,

p=0.0118 respectively).

Experiment 2: Deter mining the Optimum Pre-freeze or Pre-freeze/Post-thaw
SA Dosefor Chicken Fertility.

The mean percentage of total fertility (Figure fids)eggs (n=825) laid
over a two-week period from chicken hens insemuhaii¢h frozen/thawed
spermatozoa was significanfigr the 120 pug/mL, pre-freeze SA-treatment than
the controls for the pre-freeze treatmentszl, 231C, and the pre-freeze/post-
thaw treatment at Z& (p=0.0246, p=0.0184, and p=0.0312 respectivélyg.

120 pg/mL pre-freeze SA-treatment was also siganifily better than the 40
pg/mL SA pre-freeze treatment at®5(p=0.0511) and the 80 pg/mL SA pre-

freeze/post-thaw treatment atzZ5(p=0.0467).
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& control
g 15 - . B20ug/mL
> B840ug/mL
% 10 - O080ug/mL
L—f; E120ug/mL
2

5°C

Pre-freeze Pre-freeze Pre/past Pre/post

Sialic Acid Dose (pg/mL)

Figure 15. Total percent of chicken fertility wiine-freeze and pre-freeze/post-
thaw SA treated sperm. The different superscriptaséen the four treatment
groups indicates significant differences (p<0.05).

56



Discussion

At present, poultry spermatozoa cryopreservatiacguures decrease the
fertilizing capacity of frozen/thawed sperm. Fraonaad Engel (1989) observed
that modifications in the carbohydrate contentoafster spermatozoa
corresponded to a decreased fertility in hens. Mecently, it has been shown
that the glycoconjugates of the poultry sperm gbatyx are extensively modified
over time during hypothermic storage. Turkey sg@onoa stored for 24 hours at
4R C lose significant amounts of SA residues (PelaelzLang, 2008). Similarly,
Pelaez and Long (2011) demonstrated that the Sterbis significantly lower in
frozen/thawed rooster spermatozoa. We are thetdigsrovide evidence that the
glycocalyx of poultry spermatozoa can incorporategenous SAn vitro.

SA has been found to mask antigens and recepésr ait the cell
membrane (Schauer, 1985). The fact that a largerityeof the carbohydrate
residues in the poultry spermatozoa glycocalyxnaasked by SA was
demonstrated following the enzymatic removal ofi@al SA residues with
neuraminidase (Peladez and Long, 2001).the hen, spermatozoal SA is
necessary for sperm transport to the SST, storatfeiSST, transport to the site
of fertilization at theinfundibulum and gamete recognition (Steele and Wishart,
1996). Sperm mobility is directly correlated wgbultry fertility (Froman et al,
1999; King et al, 2000). Furthermore, immunolagicognition and masking of
sugar residues is essential for sperm selecti@el&Sand Wishart, 1996).

We used flow cytometry to measure the percentageeofibrane-intact

spermatozoa and the fluorescence intensity prodogepermatozoa incubated
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with LFA. Since LFA specifically recognizes anchéds to SA residuedMiller et
al., 1983), fluorescence intensity is considerede@quivalent to the amount of
SA available for binding. Therefore, an increaséuorescence intensity
indicates an increase in SA. As we expected, ghegmtage of membrane-intact
or viable spermatozoa for both toms and roosters wignificantly higher at
25°C than at 4°C as has been previously showndNeisal., 1980; Kurbatov et
al., 1986; Schramm and Hubner, 1988; Wishart, 198%9)s study adds to this
knowledge by clearly demonstrating the temperagtfiects on the viability of
poultry sperm.

Interestingly, the mean percentage of strongly lge&itive membrane-
intact sperm, indicative of high levels of SA upalvas different between the
species. Turkey sperm SA uptake was significdmtiper at 4°C while rooster
SA uptake was significantly higher at 25°C. Fakays, this is evidence that
substantial SA shedding is occurring at lower terajpees and therefore more SA
residues are available for binding. It has bededm previous workPelaez and
Long, 2008, 2011jhat when temperatures are reduced there is aatecne the
fluorescence intensity of LFA-positive sperm. kkas sense that if SA acts, in
part, as a protective barrier for the sperm amuedls through the hen’s
reproductive tract, and fertility is adversely atid by hypothermic conditions
that one possible reason why we have poor fertiliyozen/thawed poultry
sperm is due to high amounts of SA shedding. Tesitipn then becomes when
to add the SA during the cryopreservation procesglow for optimum uptake of

the exogenous SA by sperm to provide added protecti
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Because we saw the opposite effects of temperatutke mean
percentage of strongly LFA-positive membrane-intacster sperm compared to
turkey sperm, we speculate that this is due tepeeies-specific differences in
turkey and chicken spermatozoa metabolism, whieHileely to contribute to the
differences in their ability to survive the freeb@bv process. While chicken
spermatozoa are equally capable of aerobic or anmemetabolism (Sexton,
1974), turkey spermatozoa derive their energy requents by the aerobic
process of oxidative phosphorylation only (Sextt#7/4; Wishart, 1981; Sexton
& Giesen, 1982).

When we looked at the effect of incubation timetloe MnFl of the
strongly LFA-positive turkey spermatozoa for eaphaes at their optimum
uptake temperature (4°C or 25°C) and found no Bagmit differences in the
incubation time, we elected to incubate the sper®A for the shortest duration.
It is well known that the longer sperm is heidsitro with or withoutextenders,
the lower the viability. Donoghue and Donoglii®97) reported that turkey
sperm viability was reduced by almost 50% betweand48 h.Decreased
viability in rooster sperm extended with Lake’'sg tBK extender described by
tukaszewicz, and an extender described by Tsedtitah. and stored for 3, 6, and
24 h at 4°C was demonstrated in four chicken breégdsudzinskaand
tukaszewicz2008).

The effect of the control and SA-treated spernthenpercent of strongly
LFA-positive sperm at 4°C and 30 min were not digantly different from each

other. However, all SA-treated sperm except @@0nL appeared to be better
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than the control. Since we did not see a doseres) we decided to use the four
highest doses: 80, 120, 160, or 240mL SA We speculate that the decrease in
the 120ug/mLmight be due to the binding and shedding phenomérairhas

been suggested before. We have seen bi-phaststvath the doses over time.
This may be SA shedding and binding mechanismsabatill don’t fully
understand.

Similar to turkeys, in roosters, the effect of twatrol and SA-treated
sperm on the percent of strongly LFA-positive spatrd5°C and 30 min were not
significantly different from each other. Howeves did see a trend of decreased
strongly LFA-positive sperm at the 1R@/mL SA dose. Since we also noticed
that the40 pg/mL (lowest) to 12Qug/mL SA doses appeared to be better than the
control, we decided to incorporate aj2¢/mL SA dose in experiment 2.

When we designed the experiment to assess thigyestifrozen/thawed
turkey sperm treated with SA, there was the quesifavhen to add the SA to the
cryopreservation process. Since the incubatiopésature for the uptake of SA
by turkey sperm was best at 4°C, it conformed &3tC equilibration step of the
established cryopreservation procedures. Howewedid not know if we should
incubate the sperm before freezing only, after thgyor at both time points. In
our pilot sperm freezing experiments, we lookedratfreeze and post-thaw
incubations for 30 min and none of the post-thaatments were successful. We
then decided to look further at the pre-freezeBfominutes and pre-freeze plus
post-thaw for 15 minutes (pre-freeze/post-thawhe Total percent of turkey

fertility for 1776 eggs over a ten week period wakulated based on the
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number of eggs candled fertile that hatched, ctasusd early/late embryonic
death. Of all the treatments, the 16§ mL SA pre-freeze was significantly the
best dose. The 160g/mL pre-freeze SA-treated sperm improved total féytdif
frozen/thawed sperm (40%) vs. control (7%).

Since 25°C was the best incubation temperaturthéouptake of SA by
rooster sperm and did not concur with the 5°C dgpailion step of established
cryopreservation procedures, we had to includeCa(gfe-freeze and pre-
freeze/post-thaw) control group to compare agar#Zi°C/4°C (pre-freeze and
pre-freeze/post-thaw) SA treatment group. Becawstound no benefit to
extending the post-thaw incubation time (15 minjurkeys, we opted to use 5
min for the post-thaw incubation time for roostpeln. Of all the treatments, the
120 ug/mL SA pre-freeze was significantly the best doseweieer, this proved
to be only slightly successful since, overall, thial fertility from the 12Qug/mL
pre-freeze SA-treated sperm (10%) was a marginalaaement over the fertility
of control frozen/thawed sperm (3%).

In conclusion, both tom and rooster spermatozaoaraerporate
exogenous SAn vitro. In toms, the maximum uptake of strongly LFA-pes!
membrane-intact sperm occurred by 30 min at 4¥odsters, the maximum
uptake of strongly LFA-positive membrane-intactrep@ccurred by 30 min at
25°C. Turkey hens inseminated with 16§/mL SA-treated spernpie-freeze)
had improved total fertility by 40%. Chickens hemseminated with 12(0g/mL
SA-treated spernpfe-freeze) had slightly improved total fertilit0Q%0). Our

findings are still too low for use in commercialyttoy management applications
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as a method for storage of genetic stocks. How@aential implications for

these findings do help to support re-generatioenofangered poultry lines.

62



Chapter 3: Concluding Summary
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Many investigators have attempted to improve tinidifg rates of
frozen/thawed avian sperm by using a variety obdityents, cryoprotectants,
packaging methods, and freezing/thawing rates mitiimal success. Our goal
was to lay the foundation for the development sfaandard poultry sperm
cryopreservation protocol for turkeys and chickesisig those same
methodologies, but adding an integral carbohydtatavn to provide
immunologic protection and assist in sperm transpdfe hypothesized that
adding protection in the form of SA might be a di@pvard in achieving a
standardized cryopreservation protocol to imprdneefertility of frozen/thawed
poultry sperm.

We first had to verify that tom and rooster speould incorporate
exogenous SA and then determine the optimal incub&mperature to
maximize the SA uptake by sperm. In order to admevith the established
poultry cryopreservation protocol, we tested tHeat$ of 28IC and #C. We are
the first to demonstrate that both species of ppsiberm can incorporate
exogenous SA vitro and that the viability of the SA-treated spermasg
compromised. In fact, for both species the SAkgtaccurred at both 2& and
4aC. What we found particularly noteworthy earlyinrour work was the clear
differences in the incubation temperature effectrentwo species. While the
viability of both tom and rooster sperm was nearlyirror image of each other at
252C, the temperature effect on the SA uptake by sgagas the complete

opposite. To our surprise, at theCGlincubation temperature, tom sperm SA
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uptake was substantially higher than the uptakerviesl at 28C, whereas, the
rooster sperm SA uptake was significantly highe23aiC.

Once we determined the optimal incubation tempegdtr the SA uptake
by both species, we had to determine if there wbeld benefit to extending the
incubation time beyond 30 min. The results fouipation time clearly
demonstrated that optimal SA uptake by sperm odzy30 min and there is no
advantage to be gained by extending the incub&tios period to 120 min.

The next obstacle to overcome was to determin@ppeopriate SA dose
to maximize the SA uptake without compromising sberm viability. We chose
to use 40, 80, 120, 160, or 200 pg/mL SA (roostenrs240 pg/mL SA (toms).
While we did not see a dose response among theotantd SA-treated sperm
due to the high SEM, we did notice that the SA kptaf the SA-treated sperm
appeared to be equally higher than the controlgeixt20 pug/mL SA) in toms
and (except 160, or 200 pg/mL SA) in roosters. in@khis into account, we
elected to use the four highest SA doses (80, 1&0, or 240 pg/mL) in
experiment 2 for toms and the four lowest SA d¢268s40, 80, or 120 pg/mL) in
experiment 2 for roosters.

In summary from our first experiment for toms: ubate sperm at?C for
30 min with 0, 80, 120, 160, or 240 ug/mL SA ptioicryopreservation; for
roosters: incubate sperm at®@sfor 30 min with 0, 20, 40, 80, or 120 pg/mL SA
prior to cryopreservation.

For evaluating the optimum pre-freeze or pre-frgezst-thaw SA dose

(experiment 2) for toms, we first diluted raw semieh with ASG (325mOs/Kg,
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7.1 pH) plus SA cryodiluent. Diluted semen was Blgrated for 30 minutes at
4°C, and then further diluted 1:2 with ASG containit&) DMA for a final
concentration of 6% DMA. Semen was immediatelyleghinto 0.5 mL French
straws and contained with sealing powder. Thewstreere placed on a
Styrofoam raft and floated 1.25 cm above the liquicbgen (LN) for two
minutes, then straws were plunged into the BNd placed in a Litanister for -
196°C storage.

For roosters, raw semen was diluted 1:1 with Haazg80mOs/Kg, 6.8
pH) cryodiluent containing none or 4X concentratidr8A, equilibrated for 30
minutes at &C, then further diluted 1:1 with 18% methyl acetimi{MA) to yield
a final concentration of 9% MA. Semen was immejaloaded into 0.5 mL
French straws and contained with a sealing bed straws were placed on a
Styrofoam raft and floated 4.5 cm above the fd¥ 30 minutes, and then straws
were plunged into the LiNand placed in a Litanister for -196°C storage.

Prior to inseminating the hens with the pre-freegatments, tom and
rooster straws were removed from 1$torage and thawed by vigorous agitation
for 30 seconds in% water bath. The excess water was removed fraim staaw
and straw ends were cut and allowed to flow diyeatio an Eppendorf tube.
Each turkey hen was inseminated with 300 %sp@rm, and each chicken hen

received 200 x 1sperm per dose, per day, for two consecutive days.

Before inseminating the turkey hens with the peshe/post-thaw
treatments, thawed tom sperm was incubated a seiroedvith either 0, 80, 120,

160, or 240 pg/mL SA a€ for 15 min. Likewise, rooster sperm was incutiate
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a second time prior to inseminating chicken heosdver, unlike the toms, we
had to incorporate equilibration control with the Z&/4aC pre-freeze/post-
thaw rooster treatments. Therefore, thawed roggiem was incubated a second
time with either 0, 20, 40, 80 or 120 ug/mL SA@C4or 5 min or at 28C/4aAC

for 5 min before inseminating the chicken hens.

Following the insemination of the hens, eggs wetkected daily and set
on day seven. A total of 1776 (10 weeks) turkey amotal 0f825 (2 weeks)
eggs were individually candled after seven dayisaibation and categorized as
fertile or infertile. Fertile eggs were placed bat the incubator to hatch while
infertile eggs were broken out to verify inferglior early (<48h) or late (>48h)

embryonic death. All fertile eggs were includedhe statistical analysis.

In the turkey hens, the 160 pug/mL SA pre-freezempeeatment clearly
yielded the highest percent of total fertility. \Mever, the same success did not
hold true for the percent of total fertility chicken hens. Although the pre-freeze
120 pg/mLSA treated sperm proved to be significantly bettan the pre-freeze
controls, it was only a 10% improvement, whereas ttirkey fertility improved
by 40%.

We have achieved some success in obtaining ous fmathis project.
Since previous work over the last 60 years has sle@nprogress in improving
the fertility rates of frozen/thawed poultry spemwg certainly did not expect to
solve the problem from these experiments alonewdver, we have some
noteworthy findings that can be further exploreduture efforts to develop a

standard poultry sperm cryopreservation protocainjrove the fertility rates of
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frozen/thawed tom and rooster spermatozoa. Westemigly that the fertility of
frozen/thawed poultry spermatozoa can be improwtnly by maintaining the
proper pH, osmolarity, and providing a continuonsrgy supply, but also
through the addition of enhanced protection inftle of SA. We propose that
inclusion of pre-freeze SA-treated poultry spermagocryopreservation should
be a starting point for future studies aimed atriowpd fertility rates of

frozen/thawed avian sperm.
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