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ANTONIE van LEEUWENHOEKANTONIE van LEEUWENHOEK
(1632-1723)

Discovered sperm in 1677

“I know very well that there are 
Universities who do not believe that 
living creatures are in the male 
semen; but I do not mind about this, 
as I know that I have the truth.”  

(1717)

m
br

an
e

Cholesterol efflux (albumin and HDL) Heightened membrane fluidity, destablization, lateral mobility of proteins and lipids,
& desorption of decpacitation factors hyperpolarization and  externalization of receptors
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Control of Spermatogenesis??Control of Spermatogenesis??
ClassicalClassical

•• GnRHGnRH
•• FSHFSH
•• LHLH

FutureFuture
•• Genes  and gene Genes  and gene 

productsproducts
•• ExpressionExpression
•• RepressionRepression

ExampleExample
•• EstrogensEstrogens
•• TestosteroneTestosterone
•• InhibinInhibin

•• ExampleExample
•• SNP in FSH receptor SNP in FSH receptor 

gene    mutation of gene    mutation of 
FSH receptor on FSH receptor on 
Sertoli cells    altered Sertoli cells    altered 
activityactivity

Additional pathwaysAdditional pathways: : ParacrineParacrine, , juxtacrinejuxtacrine, , autocrineautocrine,,
cryptocrinecryptocrine, , lumicrinelumicrine

UNCAP CAP
Meyers SA, 2001

Traditional testsTraditional tests
 Sperm numberSperm number

 Concentration x volumeConcentration x volume

Additional testsAdditional tests
 Sperm chromatin qualitySperm chromatin quality
 AcrosomalAcrosomal integrity andintegrity and

Clinical ConsiderationsClinical Considerations
Breeding Soundness ExaminationBreeding Soundness Examination

 Daily sperm outputDaily sperm output

 Sperm morphologySperm morphology
 Sperm motilitySperm motility
 Testicular sizeTesticular size
 Semen contaminantsSemen contaminants

 AcrosomalAcrosomal integrity and integrity and 
functionfunction

 Plasma membrane integrityPlasma membrane integrity
 Mito. membrane potentialMito. membrane potential
 CapacitationCapacitation abilityability
 Oxidative injuryOxidative injury
 ApoptosisApoptosis--like changeslike changes

Chromatin IntegrityChromatin Integrity

 Sperm Chromatin Structure Assay (SCSA)Sperm Chromatin Structure Assay (SCSA)
 Flow Flow cytometercytometer

 TUNELTUNEL ((TdTTdT--mediatedmediated--dUTPdUTP neck end labeling)neck end labeling) AssayAssay
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TUNEL TUNEL ((TdTTdT mediatedmediated dUTPdUTP neck end labeling)neck end labeling) AssayAssay
 Fluorescence microscopyFluorescence microscopy

 ProtamineProtamine AssayAssay
 ImmunofluorescenceImmunofluorescence
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Acrosomal Integrity and FunctionAcrosomal Integrity and Function

SEMSEM

TEMTEM

PSAPSA--PIPI

MembraneMembrane
ImpermeantImpermeant
DyesDyes

Eosin Y
Propidium iodide 
Hoechst 33258 Bind with DNA

Cytoplasm

YO-PRO-1
Ethidium homodimer

Membrane
Permeable
Dyes SYBR®-14 / PI

Cytoplasm

Carboxyfluorescein diacetate            carboxyfluorescein

Calcein AM            calcein

SYBR®-14

Spermatozoa with inabilitySpermatozoa with inability
to acrosome reactto acrosome react

 Determine differences in surface proteins and Determine differences in surface proteins and 
solubilized proteins of spermatozoa.solubilized proteins of spermatozoa.

 DIGE (Differential in Gel Electrophoresis) DIGE (Differential in Gel Electrophoresis) 

In collaboration with:In collaboration with:

Dr. Nuch Tanphaichitr Dr. Nuch Tanphaichitr 
Ottawa HealthOttawa Health

Research InstituteResearch Institute
and and 

Dr. Peter YauDr. Peter Yau
University of IllinoisUniversity of Illinois

Other clinical assays on the horizonOther clinical assays on the horizon

 CapacitationCapacitation
 HeparinHeparin--binding proteinsbinding proteins
 Protein phosphotyrosine Protein phosphotyrosine 

activityactivity
 Annexin VAnnexin V
 SPSP--20 (hyaluronidase)20 (hyaluronidase)

 SpermSperm--cumulus interactioncumulus interaction
 SP20 (hyaluronidase)SP20 (hyaluronidase)

 SpermSperm--zona bindingzona binding
 AWN spermadhesion proteinAWN spermadhesion protein
 P34H proteinP34H protein

ZonadhesinZonadhesin
 Oxidative injuryOxidative injury

 CC1111--BODIPY (581/591)BODIPY (581/591)
 Reactive oxygen speciesReactive oxygen species

 ZonadhesinZonadhesin

 SpermSperm--oocyte interactionoocyte interaction
 CRISP proteinsCRISP proteins
 PLC zetaPLC zeta

Advancements in Semen TechnologyAdvancements in Semen Technology
Processing and PreservationProcessing and Preservation

ProceduresProcedures

 Cushioned centrifugationCushioned centrifugation
 IodixanolIodixanol

 Gradient centrifugationGradient centrifugation
 SilicaSilica--particle solutionparticle solution

 LowLow--dose inseminationdose insemination
 TransTrans--rectally guided rectally guided 

techniquetechnique

Intracytoplasmic Sperm InjectionIntracytoplasmic Sperm Injection
(ICSI)(ICSI)

Preservation of SpermatozoaPreservation of Spermatozoa
LyophilizationLyophilization
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Preservation of SpermatozoaPreservation of Spermatozoa
Cloning (Nuclear Transfer)Cloning (Nuclear Transfer) The Evolution of The Evolution of 

Sperm ScienceSperm Science

What can we expect?What can we expect?
 An “omics” eraAn “omics” era An omics  eraAn omics  era

 GenomicsGenomics
 ToxicogenomicsToxicogenomics
 TranscriptomicsTranscriptomics
 MetabonomicsMetabonomics
 ProteomicsProteomics

Male Fertility & Molecular GeneticsMale Fertility & Molecular Genetics
BhanuBhanu ChowdharyChowdhary & & TerjeTerje RaudseppRaudsepp

 Critical male fertility genes Critical male fertility genes 
on Y chromosomeon Y chromosome

 Females don’t have themFemales don’t have them

 Critical for testicular Critical for testicular 
development and development and 
spermatogenesisspermatogenesis

 Detailed Y chromosome Detailed Y chromosome 
map essential!map essential!

~2% of the genome~2% of the genome
~15 Mb ~15 Mb euchromatineuchromatin
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Y genes & stallion fertilityY genes & stallion fertility
• qRT-PCR to compare expression levels in testis from: 

- 10 fertile stallions
- 14 stallions with various fertility problems
- 9 testis-specific genes + DBY, ACTB, GAPDH

3.50 FertileFertile

SubfertileSubfertile
** p-value < 0.05

Subfertile males:**

0.00

0.50

1.00

1.50

2.00

2.50

3.00

ETSTY1
ETSTY2

ETSTY3
ETSTY4

ETSTY5 
ETSTY6

TSPY
RBMY

UBE1Y
DBY

ACTB
GAPDH

Fo
ld

 I
nd

uc
ti

on

SubfertileSubfertile

****
** **

-5 genes    -regulated:
ETSTY2-4, 6 & RBMY

**

-4 genes    -regulated:
ETSTY1, 5, 
UBE1Y and TSPY 

The rest of the genome?
Genome size: 2.47 Gb (expected 2.7 Gb)

Genes: ~20,322  (~16,617 human orthologs)

Genome-wideGenome wide 
approaches used to 
find fertility genes 
of interest

Equine WG expression Equine WG expression oligoarrayoligoarray

 21,500 genes and ESTs

Texas A & M, Bhanu Chowdhary

 Genome coverage ~ 96%

 Transcriptional profiles

 70-mer oligos

 RNA - which tissues?

TESTIS –procurement
invasive 

-Surgery
-Biopsy

 Transcriptional profiles
- between different tissues
- between clinical cases and controls

SPERM? 

Messenger RNA in SpermMessenger RNA in Sperm
 Active genes produce sperm mRNAs in the Active genes produce sperm mRNAs in the 

testis… so sperm mRNAs may provide a window testis… so sperm mRNAs may provide a window 
through which we can view testicular function.through which we can view testicular function.

 Sperm mRNA can be translated into new Sperm mRNA can be translated into new 
proteins during capacitation.proteins during capacitation.

Gur Y & Breitbart H, Gur Y & Breitbart H, 
Genes & DevelopmentGenes & Development

 Sperm mRNA may also play a role in early Sperm mRNA may also play a role in early 
embryonic developmentembryonic development

Genes & DevelopmentGenes & Development, , 
20062006

Therefore, it may be possible to develop a Therefore, it may be possible to develop a 
spermatozoal mRNA fingerprint as a diagnostic and spermatozoal mRNA fingerprint as a diagnostic and 
prognostic tool for stallion fertility evaluation.prognostic tool for stallion fertility evaluation.

10-20 fg

10-20 pg

1-1.5 ng

Sperm RNA quantity

S ti llS ti ll O t

SpermSperm

Somatic cellSomatic cell Oocyte

Million sperm

10-20 ng total RNA

RNA linear amplification

300 ng-5 µg mRNA 
per microarray
hybridization

20-60 µg sense RNA
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Sperm transcriptome

Sperm 1Sperm 1 Sperm 2Sperm 2 Sperm 3Sperm 3 Sperm 4Sperm 4 Sperm 5Sperm 5

3,1663,166
SPERMSPERM

10,75610,756
TESTIS TESTIS 

Signal-to-noise ratio 5

No sperm-specific transcripts!

Fold change>2, p<0.05

1,168    regulated in sperm1,168    regulated in sperm
Intensity 2Intensity 2--205 fold higher205 fold higher

1,510    regulated in sperm1,510    regulated in sperm
Intensity 2Intensity 2--3000 fold lower3000 fold lower

Messenger RNA in Stallion SpermMessenger RNA in Stallion Sperm
 Lab has isolated Lab has isolated 

mRNAs from stallion mRNAs from stallion 
sperm and has sperm and has 
identified identified aromatasearomatase
mRNA.mRNA.mRNA.mRNA.

 AromataseAromatase mRNA mRNA 
may be a marker for may be a marker for 
fertile sperm in fertile sperm in 
humans. humans. 
((CarreauCarreau et alet al, , BiochemBiochem Soc Soc 
Trans, 2007)Trans, 2007)Nancy Ing

We need to learn a new languageWe need to learn a new language

Annealing temperature

Real time RT-PCR

Bioinformatics

Amplification cycles

Oligonucleotide


