
• Platelet-activating factor (alkylacetylglycerolphosphocholine; 
PAF) is a potent signaling phospholipid which has been found 
in numerous cell types in every physiological system studied 
to date. In reproduction, PAF is found to have a variety of 
roles, for example: in ovulation, sperm function, and early 
preimplantation development. 

• PAF is produced by two distinct pathways 

• Initial results revealed that the acetyl-CoA peak on the NMR resides in the same location as where we expect the acetylated Lyso-PAF 
peak to reside. Therefore, additional experiments are planned to try and resolve these two peaks. 
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• Individual Lytechinus variegatus sea urchins were injected with 
0.5 mL KCl (0.5M) to induce gamete shedding and pooled 
accordingly.

• Oocytes were inseminated with spermatozoa in synthetic sea 
water and cultured (for approximately 90 minutes) to produce 
two-cell stage embryos. 

• The two-cell stage embryos were selected and cultured in 
synthetic sea water for 24-hours at 22ºC. 

• Embryos were then frozen and thawed to induce cellular lysis. 
• Lyso-PAF was dissolved in deuterated water. 
• Lyso-PAF alone, Lyso-PAF with XuM Acetyl-CoA, Lyso-PAF 

with XuM AcetylCoA and embryo extract, and Lyso-PAF with 
embryo extracts were all assessed with H1 NMR and C13 
NMR after a 30-minute incubation at room temperature. 

• These spectra were obtained via a 500mHz NMR. 
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Do Sea Urchin Embryo Contain Acetyltransferase?

• Future directions for this research will include bioinformatics 
analysis of the annotated sea urchin genome to try and 
identify the acetyltransferase gene that could be responsible 
for Lyso-PAF acetylation.

Future Work
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PAF is present in human sperm[6] and every species of mammals studied to date
(rabbit[7]; mouse[8]; bovine[9]; squirrel monkey[10]; rhesus[11]; boar[12]). PAF is found to stimulate
sperm motility and enhance fertilization, resulting in a substantial increase in pregnancy rates.
PAF also exists in the female genital tract and inside the embryos as well. The specific PAF
receptor was also detected at the implantation site of rabbit uterus[13]. It was definitely
indicated in a series of studies that PAF plays an important role in implantation of early
embryos[13-17]. It is, to some extent, beneficiary to post-implantation embryonic development
and pregnant maintenance[15]. Its positive effects on sperm and embryos led to intensive
fundamental research and clinical application.

Figure 1 Structure of  platelet-activating factor (PAF)

Metabolic pathway of PAF
PAF exists endogenously as a mixture of molecular species with structural variants of
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[18]. Arrata, et al.[19]  used

31P nuclear resonance spectroscopy to suggest a role for phosphate esters in male infertility.
Levine, et al.[20] subsequently used 31P nuclear resonance spectroscopy to demonstrate that
PAF concentrations were higher in fertile men than in infertile men and that PAF was absent
in semen samples of men with vasectomies.

Phospholipase A2 is present in human sperm[21].  It is calcium dependent and catalyses
the formation of 1-alkyl-2-lyso-sn-glycero-3-phosphocholine (lyso-PAF) from
alkyl acyl glycerophosphocholine, an inert structural cellular membrane component[22].
Lyso-PAF is biologically inactive. PAF can be acetylated by acetyl transferase using acetyl-
CoA as an acetate donor to form 1-O-alkyl-2-O-acetyl-sn-glycero-3-phosphorylcholine. Lyso-
PAF may also be acetylated by a CoA independent arachidonyltransacylase to form
alkyl acyl glycerophosphocholine.  Acetylhydrolase is the primary enzyme responsible for
inactivating PAF by the removal of the acetate group from the sn 2 position resulting in the
reformation of lyso-PAF. So, acetyltranferase and acetylhydrolase are two major enzymes
that dominantly control synthesis and dissociation of PAF in cells. The metabolic pathway
for PAF synthesis is illustrated in Figure 2.
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Figure 1: Structure of PAF
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Figure 2  PAF synthesis and metabolism

Effects of PAF on sperm
Following discovering the presence of PAF-like activity in human sperm, Ricker,  et al.[6]

found that the addition of synthetic PAF at 3.69 h 10-13 - 3.69 h 10-7 mol/L significantly
creased sperm motility, while lyso-PAF that has no PAF biological activity did not show any
effect. The beneficiary effect of PAF on sperm was indirectly demonstrated in rabbits by
another study that the addition of PAF antagonists to the ejaculates at 1 h10-4 mol/L 30 min
before insemination caused a significant failure in fertilization. They found that only structural
analogs of PAF had inhibitory effects on sperm fertilization[23]. PAF was subsequently
detected in mouse sperm and confirmed in human sperm[8]. Exogenous PAF at 1 h 10-8-1
h 10-6 mol/L improved mouse sperm motility and their fertilization as well, while the PAF
receptor antagonist WEB 2 086 at 1h10-6  mol/L inhibited mouse in vitro fertilization, but
not inhibited acrosome reaction of sperm[8]. A study in stallion revealed that a lower concen-
tration of PAF from 1 h 10-12  mol/L for 120 min to 1 h 10-10 mol/L for 30 min is able to
stimulate sperm motility and enhance sperm capacitation, while a relatively higher concen-
tration at 1 h 10-9 mol/L is required to prompt acrosome reaction[24].

A study found that the addition of PAF to post-thawed human sperm enhances motion
parameters of cryopreserved human sperm such as percent motility, VSL (progressive
velocity) and LIN (linearity)[25], whereas the pre-freeze treatment of PAF significantly
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Note: Jiu-ming, Zhu, Joe, Massey, William, & Roudebush (2005). Physiological Roles of Platelet-activating Factor in Mammalian and Human 
Reproduction.

Figure 2: Mechanism of PAF
Note: Jiu-ming, Zhu, Joe, Massey, William, & Roudebush (2005). Physiological Roles of Platelet-activating Factor in Mammalian and Human 
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