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Abstract

dead spermatozoa. [ Methods] This study first confirmed the specific binding of Annexin V to dead bovine spermatozoa, and tried to remove dead spermatozoa in

[ Objectives | This study was conducted to develop a molecular marker immunomagnetic bead sorting technology method that can specifically identify

semen combining with the immunomagnetic bead technology, so as to improve the separation efficiency of target spermatozoa in the process of sex-controlled semen
preparation on a flow cytometer. [ Results] The spermatozoon motility, membrane integrity and mitochondrial activity after sorting and the rate of dead spermatozoa
during the on-machine X/Y separation were all improved to different degrees (P <0.05) , indicating that the technical process design could effectively remove some
dead spermatozoa, and there was no significant effect on frozen sexed semen prepared from the separated X or Y spermatozoa (P >0.05) , indicating that the techni-
cal process did not cause additional damage to the spermatozoa. [ Conclusions] Combining the specificity of Annexin V with the immunomagnetic bead method
could effectively remove dead spermatozoa from bovine spermatozoa, and significantly reduce the rate of dead spermatozoa in bovine permatozoa during sex-controlled
separation (P <0.05). The method developed can effectively improve the production efficiency of frozen sexed semen of dairy cows, reduce the production cost,

and promote the industrial application of the product.

Key words

The sex-controlled breeding technology of frozen sexed bovine
semen combined with artificial insemination can rapidly increase
the number of high-quality cows and improve the economic bene-
fits of cow breeding, and it is the most successful and effective
breeding biotechnology method for the promotion and application of
dairy cow breeding industrialization. At present, the rate of cow
calves obtained by sex-controlled separation technology in the de-
velopment of the dairy industry is as high as 85% —95% "',
and the sex-controlled separation technology has also achieved
great success in the application of other species” ™', The yield of
some production traits affected by sex can be fully utilized by arti-
ficially regulating the sex ratio through the sex control technology,
thereby achieving the greatest economic benefits. And compared
with traditional mating methods, frozen semen artificial insemina-
tion technology has the advantages of being convenient for long-
term storage and transportation. However, compared with ordinary
frozen semen, the high separator production cost and patent royal-
ties are the reasons for the restriction to further promotion and ap-
plication of frozen semen technology in the dairy industry. There-
fore, maximizing the use efficiency of separators is the key to re-
ducing the production cost of frozen sexed semen. With the latest

high-speed flow cytometers, X or Y spermatozoon sorting with ac-
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curacy >90% can be achieved in most species, but because the
technology must evaluate the DNA content of each spermatozoon,
the total number of spermatozoa sorted by a single machine does
not exceed 200 million per hour'” "', Meanwhile, in order to en-
sure the activity of target spermatozoa after sorting, dead and live
spermatozoa are stained in different colors, and dead spermatozoa
are removed after being identified by flow cytometry during the
sorting process, which further limits the efficiency of target sper-
matozoon separation. With the increase of the rate of dead sperma-
tozoa, the separation efficiency of spermatozoa by flow cytometry
will decrease accordingly. On the contrary, reducing the rate of
dead spermatozoa before separation on a flow cytometer will greatly
improve the efficiency of spermatozoon separation by flow cytome-
try. Therefore, reducing the rate of dead spermatozoa before sepa-
ration on a flow cytometer is of great significance to improve the
separation efficiency and reduce the cost of frozen sexed semen
technology.

Many studies have confirmed the existence of molecular
markers in spermatozoa that are specific for dead spermatozoa, and
spermatozoa with these markers cannot fertilize normally in vivo or
in vitro. Phosphatidylserine (PS) , which is turned from the inside
of the normal spermatozoon membrane to the surface of the sper-
matozoon membrane, is a special molecular marker®* ™', This
marker can be recognized by the specific binding of Annexin V
(AnnexinV) to PS. Because Annexin V is a class of phospholipid-
binding proteins, it has high affinity with PS. However, normal
PS does not have the function of passing through the complete cell
membrane, so it is believed that the binding of annexin V to PS

can only occur outside the spermatozoon plasma membrane,



Jian ZHANG et al. Development of Annexin V Technology for Removal of Dead Spermatozoa from Bovine Spermatozoa and lts Application in Frozen Sexed Semen Production 61

10-111 " Based on

thereby specifically identifying dead spermatozoa
this hypothesis, in this study, a molecular marker immunomagnet-
ic bead sorting technology that can specifically identify dead sper-
matozoa, effectively remove dead spermatozoa and reduce the rate
of dead spermatozoa in spermatozoon samples during the separation
on a flow cytometer, was developed, so as to further improve the

separation efficiency of target spermatozoa.

Materials and Methods
Reagents

Unless otherwise mentioned, the reagents used in this study
were from Sigma.
Semen collection

The semen of Holstein bulls ( Breeding Bull Station of Inner
Mongolia Saikexing Reproductive Biotechnology ( Group) Co. ,
Lid. ) was collected by the artificial vagina method. The sperma-
tozoon motility rate and deformity rate were evaluated by phase
contrast microscopy, and the spermatozoon density was measured
by a spectrophotometer.
Spermatozoon motility test

The semen to be tested for motility was adjusted to 5.0 x 10°
spermatozoa/ml, and then 10 pl was used for spotting and making
slides, and the system was microscopically inspected and recor-
ded. Two parallel samples were detected each time, and five
fields of view were recorded for each sample, that is, one field of
view in the middle, and four fields of view around, up, down,
left, and right. Then, the spermatozoon motility of the semen to
be tested at this time was obtained according to the ratio of the to-
tal number of linearly moving spermatozoa and the total number of
spermatozoa in the 10 videos taken.
Annexin V-FITC staining of spermatozoa

Dead and live spermatozoa were separated and collected on a
flow cytometer. Then, 20 pl of Annexin V-FITC was added to the
collected dead and live spermatozoon samples, and after standing
at room temperature for 10 min, they were washed once with PBS,
and then re-suspended with 100 pl of PBS. Then, 10 pl was put
on a clean glass slide, which was then covered with a coverglass,
and observed for whether the spermatozoa were obviously stained
under a fluorescent microscope, and the proportion of fluorescently
stained spermatozoa was recorded. More than 200 spermatozoa
were counted in each group of samples.
Removal of dead spermatozoa from bovine spermatozoa with
different motility by immunomagnetic beads

Three bulls were selected, respectively, for each of the dif-
ferent spermatozoon motility ranges ( <50% , 50% —70% , >70% ),
and semen was collected by the artificial vagina method. The se-
men samples were washed three times with PBS within 4 h of se-
men collection, and then the spermatozoon density was adjusted
with PBS to a concentration of 10'/ml. To a 100 ul of sample,
20 wl of Annexin V was added, and the obtained sample was

mixed well, and stood at room temperature for 15 min. Then each

group of samples was supplemented with 900 pl of PBS, followed
by 10 pg of anti-Annexin V monoclonal antibody, and incubated
at room temperature on a shaker for 30 min. The washed magnetic
beads were added to each group of semen samples, 50 wl per
group, and the samples were incubated at room temperature for 30
min. Then, each group of samples was adsorbed with magnets for
2 min, and the supernatant was transferred to obtain target sper-
matozoa obtained by separation. After sorting, indexes related to
spermatozoa ( motility, deformity rate, membrane integrity, mito-
chondrial activity and acrosome integrity rate) were then tested.
Spermatozoon deformity rate detection

Sperm deformity rate was counted by smearing according to
Standard for Quality Inspection of Frozen Bovine Semen, and more
than 200 spermatozoa were counted each time.
Spermatozoon membrane integrity test

First, 20 pl of the semen sample to be tested was pipetted in-
to 80 pl of the 6-CFDA/PI staining liquid prepared. The obtained
liquid was incubated in a water bath at 37 “C for 10 min in the
dark, and then centrifuged at 2 000 rpm for 5 min. Then, the
spermatozoa were re-suspended with 40 pl of 0.01 M PBS, and 10
wl of the re-suspended spermatozoon mixture was pipetted onto a
clean glass slide, which was then covered and observed under a
fluorescence microscope. Whether the spermatozoon membrane
was complete was distinguished according to the fluorescence color
of the spermatozoa. Spermatozoa with intact membranes were
stained green by 6-CFDA, while spermatozoa with damaged mem-
branes were stained red by PI. More than 200 spermatozoa were
counted each time.
Spermatozoon mitochondrial activity assay

First, 20 pl of the semen sample to be tested was pipetted in-
to an 80 wl of ready-made MITO staining liquid. The mixture was
incubated in a water bath at 37 °C for 20 min in the dark. Then,
500 pl of PBS buffer was added into the above stained semen, and
the mixture was centrifuged at 500 g for 5 min. The supernatant
was discarded, and the spermatozoa were re-suspended with 40 pl
of 0.01 M PBS, and 10 pl of the re-suspended liquid was trans-
ferred to a clean slide, which was then covered and observed un-
der a fluorescence microscope to determine whether the spermato-
zoa had mitochondrial activity according to whether the mitochon-
drial region in the middle of the spermatozoon tail was significantly
stained. More than 200 spermatozoa were counted each time.
Acrosome integrity test

First, 50 pl of the semen sample to be tested was pipetted
and added into a centrifuge tube containing 2 ml of 3% isothermal
PVP solution, and the mixture was centrifuged at 800 g for 15
min. The supernatant was discarded, and the precipitated sperma-
tozoa were re-suspended with PBS at 37 °C. The spermatozoon
density was adjusted to (1 —2) x 10°/ml. Then, 30 pl of the
spermatozoon suspension was smeared on a slide, dried naturally
in the air, and fixed with pure methanol for 10 min. And 30 pl of
FITC-PNA staining liquid was added, and the mixture was incubated
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at 37 °C for 30 min in a dark and humid environment. Next, the
culture was rinsed with PBS solution, dried naturally in air, and
added with a little optical brightener, and slides were made and
sealed with colorless nail polish. The slides were observed with a 1
000 x fluorescence microscope as soon as possible to determine
the acrosome integrity rate through fluorescence observation of ac-
rosome morphology. For each time of detection, more than 200
spermatozoa were counted per slide.
Sex-controlled separation of spermatozoa by flow cytometry
after sorting

Spermatozoa with motility >55% after sorting were selected
for sex-controlled separation by flow cytometry. The sorted sper-
matozoa were collected and diluted to 3 ml with Staining Talp, and
the obtained liquid was centrifuged at 360 g for 5 min. Then, 2 ml
of the supernatant was pipetted and added with 4 ml of Staining
Talp containing 75 wl of Hoechst33342 fluorescent dye, and the
mixture was gently rotated and mixed, and heated in a 34 °C water
bath for 45 min. Next, an equal volume of 4% Egg-Yolk Talp and
Staining Talp were added. The mixture was filtered after shaking
well, and prepared for the separation on a machine.
Preparation of frozen sexed semen

The semen samples were collected on the machine and equili-
brated at 4 °C for 90 min. Then, centrifugation was performed at
850 g for 20 min at 4 °C, and the supernatant was discarded. The
semen was diluted to 5.0 x 10° spermatozoa/ml with Tris-A and
further diluted with an equal volume of Tris-B (by two equal vol-
umes, 15 min apart). The diluted semen was filled into 0.25 ml
polyvinyl chloride plastic thin tubes, which were arranged horizon-
tally in parallel on a serrated freezing rack. The semen was frozen
with a programmed temperature-controlled freezer, and preserved
in liquid nitrogen for later use.
Thawing of frozen sexed semen

The semen to be tested was taken out from the liquid nitrogen
tank, and quickly put into a 37 °C water bath to thaw (the time
from taking out of the liquid nitrogen tank to putting to the water
bath should not exceed 5 s). One minute later, the semen in the
frozen semen fine tubes was transferred to 1.5 ml centrifuge tubes
preheated at 37 °C, and incubated in a 37 °C water bath. Mean-
while, the motility, deformity rate, membrane integrity, mito-
chondrial activity and acrosome integrity rate of frozen sexed se-
men after thawing were detected.
Data analysis

Statistical analysis was performed using SAS 9. 2 software,

and Duncan’s method was used for multiple comparisons.

Results and Analysis
Study results of dead and live bovine spermatozoa labeled
with Annexin V-FITC

Table 1 shows the proportions of dead and live spermatozoa
bound to Annexin V-FITC, respectively, after collecting dead and

live spermatozoon samples by flow cytometry. The proportion of

dead spermatozoa bound to Annexin V-FITC was (86.3 £10.5)% ,
while the proportion of live spermatozoa bound to Annexin V-FITC
was only (9.1 +£6.8)%. The statistical comparison showed an
extremely significant difference (P <0.01). Fig. 1 shows the
binding of dead spermatozoa to Annexin V-FITC.

Table 1 Ratio of bovine spermatozoa labeled with Annexin V-FITC

Dead spermatozoa Live spermatozoa

Binding rate // %

B
N=5 9.1+6.8

86.3 £10.5"

For data of the same term in the same row, different superscript lowercase let-
ters stand for a significant difference (P <0.05) , different capital letters stand
for an extremely significant difference (P <0.01), and the same letter stands

for a non-significant difference (P >0.05). The same below.

Fig. 1 Spermatozoa without motility labeled with Annexin V-FITC

Study results of the removal of dead spermatozoa from bovine
spermatozoa with different motility by immunomagnetic
beads

Immunomagnetic beads combined with annexin V were used
to sort bovine spermatozoa with different motility. The changes in
spermatozoon quality after sorting are shown in Tables 2, 3 and 4.
After sorting, the motility of bovine spermatozoa with different mo-
tility ranges in the three groups were improved, and most of them
showed significant differences (P < 0.05). Bull No. 1 in the
50% -70% group had an extremely significant increase in motili-
ty after sorting (P <0.01) ; and the change trends of spermatozo-
on membrane integrity and mitochondrial activity after sorting were
consistent with the change trend of motility. Except bull No. 3 in
the group with motility > 70% before sorting, the spermatozoon
membrane integrity and mitochondrial activity of other groups were
significantly improved after sorting (P <0.05) ; and no significant
changes were found in the spermatozoon deformity rate and acro-
some integrity rate after sorting in the three groups. Finally, PI
staining was performed on the spermatozoa adsorbed on immu-
nomagnetic beads to confirm that the adsorbed spermatozoa were
indeed positive dead spermatozoa (Fig. 2).

In summary, the method of removing dead spermatozoa from
bull sperm by immunomagnetic beads combined with annexin V is
effective for sperm in different motility ranges, and can effectively
remove dead spermatozoa and make the spermatozoon motility,

membrane integrity and mitochondrial activity after sorting
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improved.
Results of sex-controlled separation of dead spermatozoa by
flow cytometry after immunomagnetic bead sorting of bovine
spermatozoa with different mobility

Considering the effect of spermatozoon motility on the sorting
efficiency of sex-controlled spermatozoon separation by flow

cytometry, spermatozoa with spermatozoon motility greater than
55% after immunomagnetic bead sorting were selected for sex-con-
trolled separation on the machine. According to the obtained ex-
perimental results, the bovine spermatozoa with initial motility of
50% -70% and >70% were selected for the next separation ex-
periment on the machine.

Table 2 Effect of sorting procedures on the quality of bovine spermatozoa with motility less than 50% (N =5)

Breeding Mobility // % Deformity rate // % Membrane integrity // % Mitochondrial activity // % Acrosome integrity // %

bull No.  Before sorting After sorting  Before sorting After sorting  Before sorting After sorting  Before sorting After sorting  Before sorting After sorting
1 33.3+4.8" 43.9x4.4" 21.6+3.8" 18.9+4.6° 17.8+8.3" 28.1+6.4" 45.0£8.6° 58.3+7.1" 68.9+5.9" 66.8+5.1"
2 43.5+8.8" 52.0+7.2" 16.0+6.3" 16.6+7.0° 30.8+8.4" 44.6:7.7" 59.5+7.2" 70.8x6.6" 63.6+8.1° 70.0+9.2°
3 45.7+7.9° 52.3+5.5" 13.8+4.6° 13.5%6.1° 25.8+6.5" 35.1+8.5" 58.3%5.6° 69.9+5.5" 69.1+7.0° 69.0+4.8"

Table 3 Effect of sorting procedures on the quality of bovine spermatozoa with motility between 50% and 70% (N =5)

Breeding Mobility // % Deformity rate // % Membrane integrity // % Mitochondrial activity // % Acrosome integrity // %

bull No.  Before sorting After sorting  Before sorting After sorting  Before sorting After sorting  Before sorting Afier sorting  Before sorting After sorting
1 53.6+7.5"  71.9+6.4" 25.9+6.3" 21.6+7.0° 40.0+5.3" 58.2+7.5" 62.8+4.8" 82.0+8.5" 71.1+7.9° 70.8+8.5"
2 64.0+7.8°  75.0+8.2" 17.3+5.8" 19.0+7.6" 50.8+5.4" 62.6+56" 72.5+6.2° 84.8+6.2" 68.4+6.4° 68.0+5.4"
3 63.5+8.0° 75.3+5.3" 15.8+7.6° 13.5+6.5*° 54.2+6.0° 63.1+4.3" 74.0£6.9° 80.9+4.8" 68.3+8.0° 70.6+9.4"

Table 4 Effect of sorting procedures on the quality of bovine spermatozoa with meotility more than 70% (N =5)

Breeding Mobility // % Deformity rate // % Membrane integrity // % Mitochondrial activity // % Acrosome integrity // %

bull No.  Before sorting After sorting  Before sorting After sorting  Before sorting After sorting  Before sorting Afier sorting  Before sorting After sorting
1 75.6 £8.0*  80.1+7.3" 18.3%6.0° 19.5+7.3* 57.0+8.8" 70.2+9.0" 71.8+5.6° 80.0+6.4" 78.3+6.6" 78.0+5.3"
2 72.9+9.8"  83.0+6.5" 20.4+5.4" 18.4+6.8" 56.8+7.4" 68.6+5.7" 74.5+8.2" 82.5+7.3" 74.2x4.4" 76.0+9.2"
3 70.6 £6.4*  76.3+4.8" 15.8+6.6° 14.5+8.1° 58.8+9.7" 63.7+6.5" 70.5£6.0° 76.9+8.2" 74.9x5.2" 71.5+6.5"

Fig. 2 Spermatozoa from the discarded pellet fraction labeled with
PI

Fig. 3 shows the separation display interfaces of the flow cy-
tometer when the spermatozoa of a bull had not been sorted (left)
and when the spermatozoa of the same bull had been sorted on the
machine to remove some dead spermatozoa (right), where R4 re-
presents the death rate at the time of sorting. The results of each 5
times of separation were statistically analyzed. The rates of dead
spermatozoa in bovine spermatozoa with different mobility subjected
to immunomagnetic bead sorting for removing part of dead sperma-
tozoa and separation by flow cytometry are shown in Table 5 and
Table 6, and the values were significantly lower than the rates of
dead spermatozoa when the samples were directly separated on the
machine without sorting (P <0.05). Such effect was extremely
significant in bull No. 1 in the group with mobility of 50% —70%
before sorting (P <0.01).

Cout [ 0 rst|
2500 100,00
194 4765

Cou | otit|
700 1000
s 457

5 2354 A2 1261

Fig. 3 The rate of dead spermatozoa of bovine spermatozoa on flow
cytometry

Table 5 Effect of sorting procedures on the rate of dead spermatozoa of
bovine spermatozoa with motility between 50% and 70% (N =5)

Breeding Mobility // % Mobility // %

bull No. Before sorting  After sorting  Before sorting  After sorting
1 53.6+7.5%  71.9£6.4" 30.3£3.3" 16.6+4.3°
2 64.0+7.8"  75.0+8.2" 24.5%3.8"° 15.1%3.4"
3 63.5+8.0° 75.3+5.3" 23.3+4.7° 13.6+3.1"

Study results of related indexes in frozen sexed semen after
sorting of bovine spermatozoa with different mobility
Table 7 and Table 8 show the quality changes of frozen sexed

semen after removal of some dead spermatozoa by immunomagnetic



64 Agricultural Biotechnology

2022

bead sorting. The spermatozoon motility of frozen sexed semen pre-
pared by removing part of dead spermatozoa did not increase signif-
icantly regardless of whether the motility before sorting was 50% —
70% or >70% (P >0.05). Comparing the results without and
with sorting, the spermatozoon deformity rate, membrane integrity,
mitochondrial activity and acrosome integrity rate did not change

significantly after removing some dead spermatozoa (P >0.05).

Table 6 Effect of sorting procedures on the rate of dead spermatozoa of

bovine spermatozoa with motility more than 70% (N =5)

Breeding Mobility // % Mobility // %

bull No. Before sorting  After sorting  Before sorting  After sorting

1 75.6 £8.0° 80.1x7.3" 10.7£4.0° 6.2 +4.5"

2 72.9+9.8"  83.0+6.5" 12.7£3.2° 6.9+5.8"
70.6 £6.4"  76.3+4.8" 15.8 4.6 9.5+3.9

Table 7 Effect of sorting procedures of bovine spermatozoa with motility between 50% and 70 % on the quality of thawed sexed spermatozoa(N =5)

Breeding Mobility // % Deformity rate // % Membrane integrity // % Mitochondrial activity /% Acrosome integrity /%

bull No.  Before sorting After sorting  Before sorting After sorting  Before sorting After sorting  Before sorting After sorting  Before sorting After sorting
1 37.3+£6.3"  40.6+8.7" 29.6+7.3" 26.3+7.5" 20.5+7.2" 23.1+8.8" 39.7x5.9" 44.3x+8.7" 61.3+83" 60.1+6.9"
2 42.6£7.7" 44.5+8.3" 24.4+7.0° 25.6+8.3" 29.8+6.6" 33.5+7.3° 48.4x6.0" 47.8+8.0° 64.6+5.8" 62.5+8.0"
3 44.2 £5.4°  44.0+9.5" 20.3+5.6° 18.0+9.1" 32.3+8.0" 31.7+5.6° 47.3+5.9" 46.0+6.3" 57.8+7.0" 60.0+5.3"

Table 8 Effect of sorting procedures of bovine spermatozoa with motility more than 70% on the quality of thawed sexed spermatozoa(/N =5)

Breeding Mobility // % Deformity rate // % Membrane integrity // % Mitochondrial activity // % Acrosome integrity // %

bull No.  Before sorting After sorting  Before sorting After sorting  Before sorting After sorting  Before sorting After sorting  Before sorting After sorting
1 45.5+£6.3" 43.2+8.2" 28.0%8.3" 25.7+9.1" 35.7x7.4" 38.5%5.9° 45.3+5.5" 43.4£8.6" 65.4x7.2" 63.0x6.8"
2 50.2+6.3"  52.3+6.6" 30.8+7.9" 27.3+6.0" 39.8+8.4" 42.3+9.2" 56.5+8.4" 58.3+5.2" 62.1+8.0" 63.8+7.5"
3 52.8+8.8" 55.7+6.0" 20.6+5.8" 21.4x7.2" 40.4x7.6"° 40.8+5.4" 51.4x7.1" 50.8+7.5" 62.5+6.7" 61.2+6.4"

Conclusions and Discussion

Annexin V is a class of phospholipid-binding proteins with a
molecular weight of about 35 kDa. It is an important component of
the cell membrane of macrophages or other types of phagocytes,
and has a high affinity with phosphatidylserine (PS)"""
living eukaryotic cells, negatively charged PS exists in the cyto-

. In most

plasmic layer of the lipid bilayer of the cell membrane. However,
in some necrotic cells, PS is exposed outside cells because it is
turned from the inner side of the lipid bilayer to the outer side due

[12]

to the destruction of the cytoplasmic membrane ~'. The same oc-

curs in activated platelets’™ | certain cellular abnormalities such

as sickle cell anemia™* (s

, senescent red blood cells' ™", degranulat-
ed giant cells"®’ and B cells at the stage of differentiation'”’. To
test the applicability of this principle to bovine spermatozoa, dead
and live spermatozoon samples were collected by flow cytometry to
detect the proportions of dead and live spermatozoa bound to An-
nexin V, respectively. The results showed that the proportion of
dead spermatozoa bound to Annexin V was (86.3 +10.5)%,
while the proportion of live spermatozoa bound to Annexin V was
only (9.1 +6.8)% , showing an extremely significant difference
(P<0.01). It indicated that Annexin V could specifically bind
dead spermatozoa, which is consistent with previous results'"® /.
However, for some dead spermatozoa that were not specifically
stained by Annexin V-FITC and a few live spermatozoa were also
stained by Annexin V-FITC, we believe that the possible reason is
that there were some errors in spermatozoon sorting by flow cytome-
try. Because the proportion of X spermatozoa or Y spermatozoa ob-
tained by the sex-controlled separation technology of flow cytometry
based on different amounts of DNA carried by X spermatozoa and
Y spermatozoa is not 100% , more than 90% can meet the sorting

[24]

requirements in most species It shows that there is a certain

error in the accuracy of flow cytometry sorting technology itself, re-

sulting in that the proportions of dead and live spermatozoa after
sorting did not reach the ideal 100% , so the results and expecta-
tions had a certain deviation.

Several unconventional methods have recently become in-
creasingly accepted for spermatozoon sorting to improve spermato-
zoon quality' ™. Although great progress has been made in sperma-
tozoon sorting technology, the sorting effect is still not an ideal tar-

[26]

get ™. The immunomagnetic bead technology used in this study

has been widely used to separate various types of cells from cell

7-8] " and meanwhile, based on the principle of binding

mixtures
antibodies to sperm-specific antigens, immunomagnetic beads have
also been used to specifically isolate spermatozoa from cell mix-

tures'® !

. In this study, the use of a sorting strategy combining
paramagnetic magnetic beads with the marker ( Annexin V) that
specifically recognizes dead spermatozoa to remove dead spermato-
zoa in bovine spermatozoa, reduced the rate of dead spermatozoa in
original spermatozoa, thereby improving the efficiency of sex-con-
trolled spermatozoon separation by flow cytometry, which is of
great significance for reducing the production cost of frozen sexed
semen. At present, the principle of sorting X spermatozoa or Y
spermatozoa by high-speed flow cytometry is to use Hoechst 33342
dye that specifically labels DNA to stain the spermatozoon DNA,
and then detect spermatozoon fluorescence intensity according to
the differences in DNA contents of X spermatozoa or Y spermatozoa
by flow cytometry, which present two groups, high and low, of
which the group with high fluorescence intensity is X spermatozoa,
and the group with low fluorescence intensity is Y spermatozoa.
Based on this, the DNA content of each spermatozoon must be
measured by fluorescence intensity, resulting in a relatively fixed
total number of spermatozoa that does not exceed 200 million per
hour per machine. Meanwhile, in order to ensure the mobility of
spermatozoa after sorting, dead spermatozoa also need to be
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removed by a special staining method during the sorting process,
while the separation method based on the staining of dead and live
spermatozoa into different colors also requires discrimination and
sorting by flow cytometry. Therefore, there is a trade-off between
the two. With the increase of dead spermatozoa, the separation ef-
ficiency of target spermatozoa will decrease accordingly, and vice
versa, the separation efficiency of target sperm will be improved.

It was found by comparing the changes of the motility of bo-
vine spermatozoa before and after sorting with immunomagnetic
beads combined with Annexin V and the change in the rate of dead
spermatozoa during sex-controlled separation that the effects of sor-
ting on spermatozoa in different motility ranges tended to be con-
sistent. The mobility after sorting and the rate of dead spermatozoa
during the sex-controlled separation on the machine were improved
to different extents, indicating that the sorting strategy could effec-
tively remove some dead spermatozoa and reduce the rate of dead
spermatozoa during sex-controlled separation on the machine. For
the differences between different bull individuals, sorting also had
the effects of reducing the rate of dead spermatozoa and improving
spermatozoon motility, but the increases were different. Most indi-
viduals showed a significant increase in spermatozoon motility after
sorting (P <0.05), but no significant improvement was found in
bull No. 1 in the group with motility >70% before sorting ( P >
0.05), and there was an extremely significant improvement (P <
0.01) in bull No. 1 in the group with motility in the range of 50%
—70% . According to the experimental results, it was speculated
that the reason for the lack of significant improvement was that the
spermatozoa of the bulls were relatively high in their own mobility
before sorting, their initial mobility had reached (75.6 £8.0) % ,
and the effect of later sorting optimization was not as obvious as
other groups. For bull No. 1 in the group with mobility in the
range of 50% - 70% before sorting, the spermatozoon motility
changed significantly after sorting. It was speculated that the rea-
son might be that when the initial motility of spermatozoa was be-
tween 50% and 60% , and the increase in motility was greater than
when the mobility was above 60% . When the initial mobility was
less than 50% , their own mobility was low, indicating that there
might be some developmental defects and they were relatively weak
to external resistance, and then after a series of sorting operations,
some spermatozoon damage would inevitably lead to a decrease in
mobility, and thus reduced the effect of the part after sorting. In
conclusion, we speculate that the optimal initial spermatozoon mo-
tility for the sorting method of immunomagnetic beads combined
with Annexin V for removing dead spermatozoa is 50% - 60% ,
and the effect after sorting is the best. The change in the rate of
dead spermatozoa during the later sexed separation on the machine
also supports this speculation.

In conclusion, the immunomagnetic bead sorting method com-
bined with Annexin V can effectively remove dead spermatozoa
from bovine spermatozoa, thereby reducing the rate of dead sper-
matozoa and providing a basis for ultimately improving the separa-
tion efficiency of target spermatozoa.

The sorted bovine spermatozoa were further subjected to sex-
controlled separation, and then the spermatozoa were collected and

prepared into frozen sexed semen. Considering the separation effect

and efficiency of flow cytometry on X and Y spermatozoa in practi-
cal production applications, only bovine spermatozoa with an initial
mobility of 50% —70% and >70% were selected for sex-con-
trolled separation on a machine. By testing the indicators of the
prepared frozen sexed semen, it was found that compared with the
frozen sexed semen prepared directly without immunomagnetic bead
sorting in the previous stage, there were no significant changes in
all the indicators (P >0.05), which was inconsistent with the
change trends after immunomagnetic bead sorting. The sorting op-
eration had a certain improvement on spermatozoon motility, mem-
brane integrity and mitochondrial activity before separation on the
machine. However, the rate of dead spermatozoa was significantly
reduced after sorting (P <0.05). Tt showed that the immunomag-
netic bead sorting operation in the early stage played a role in re-
moving dead spermatozoa in part of the later sex-controlled separa-
tion by flow cytometry. At the beginning of the design of sex-con-
trolled separation by flow cytometry, in order to ensure the activity
of target spermatozoa after sorting, it was also necessary to remove
dead spermatozoa during the sorting process. Therefore, the part of
dead spermatozoa in the bovine spermatozoa that had not been sor-
ted in the early stage were also removed during the sexed separa-
tion on a machine, resulting in no obvious change in the quality of
the frozen sexed semen prepared in the later stage. It shows that
immunomagnetic bead sorting before sex-controlled separation on a
machine is the premise to improve the efficiency of sexed separa-
tion by flow cytometry for target spermatozoa, especially for bovine
spermatozoa with an initial motility between 50% and 60% . By
comparing these two methods of spermatozoon removal, flow cytom-
etry based on individual judgment and screening of each spermato-
zoon was more accurate, because there were still a certain percent-
age of dead spermatozoa from the bovine spermatozoa after immu-
nomagnetic bead sorting. Therefore, future research needs to fur-
ther optimize the immunomagnetic bead sorting process to achieve a
more rational sorting effect.
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