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Amino	acids,	sugars,	and	their	analogues	are	indispensable	targets	 in	the	inves:ga:on	
of	molecular	evolu:on	in	the	primi:ve	earth	leading	the	protometabolism1).	Radiolysis	
is	 one	 of	 the	 effec:ve	 mechanisms	 genera:ng	 biomolecular	 building	 blocks	 from	
smaller	molecules,	however	diverse	byproduct	forma:ons	disturb	the	pseudo-targeted	
analyses.				
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1)	Aono	et	al.,	2015,	Orig.	Life	Evol.	Biosph.,	45,	327–338.	

Molecular	characteriza:on	for	messy	products	in	γ-radiolysis	
	Solid	phase	micro	extrac:on	(SPME	Arrow™)	and	on-fiber	deriva:za:on.	
	Online	sample	prep.	using	a	programmed	CTC	PAL	RTC	System	&	GC-MS.	
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Amino	acids	and	analogues	(AAA)	

■ Comparison	of	sugar	analyses	to	the	conven9onal	
technique	
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	Poten:al	radiolysis	products	were	detected	for	both	30%	acetonitrile	and	15%	acetonitrile	
+	 1M	 NH4HCO3.	 TBDMS-AA,	 Ala	 and	 Gly,	 were	 detected	 only	 in	 15%	 acetonitrile	 +	 1M	
NH4HCO3	sample.	Using	specific	fragment	to	deriva:ve	structures	at	m/z	73	(C3H9Si+),	we	
can	search	the	poten:al	target	having	similar	structures	to	those	of	amino	acids.	For	γ-ray	
exposure	 experiment	 on	 33mM	 formaldehyde,	 no	 sugars	 were	 detected.	 The	 sugar	
syntheses	in	radiolysis	has	not	been	confirmed.	Sugars	poten:ally	break	under	high	energy	
irradia:on	 system.	 	 This	 analy:cal	 procedure	 would	 work	 in	 the	 first	 screening	 of	 the	
stochas:c	 reac:on	 products.	 I	 will	 apply	 this	 technique	 to	 not	 only	 prebio:c	 synthe:c	
samples	but	also	biological	samples.	
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targeted	analyses:		
Sensi:vity	first	/An	authen:c	compound	is	available	

pseudo-targeted	analyses:	
Qualifica:on	of	the	products	first	/	
Target	molecular	structures	are	unpredictable		

70eV	GC-EI-MS	with	NIST	database	search	Suitable	techniques	

	*sample	extrac:on	and	deriva:za:on	

Powerful	for	the	first	characteriza9on	

■　Analy9cal	challenges	

2)	33mM	COH2	aq.	

1)  15%	CH3CN		
						+	1M	NH4HCO3		aq.	

■　Radiolysis	
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•  Sensi:vity		
•  throughput	
•  Robustness	
•  Reproducibility	(>200:mes)	
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■　SPME	extrac9on	and	on-fiber	deriva9za9on	
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table	data;		2)	Ehrenfreund	et	al.,	2001,	PNAS,	98,	5,	2138-2141.	
■　Diverse	prebio9c	organics2,3)	

Spark	discharge	products	
Gly, α‐Ala, β‐Ala, and possibly Asp, a‐amino‐n‐butyric acid 
were detected. Total amino acids yield	(mg	/c.a.	200	ml	water)	

3)	S.L.Miller, 1953,	Science, 117, 528-529.	Amino	Acids	
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Controls	were	kept	in	a	darkened	box	at	room	temperature.	

Conven:onal	off-line	technique	

This	method	

■　Analyses	of	radiolysis	products	
15%	CH3CN	+	1M	NH4HCO3		aq.	400	h	x	2.5	kgr/h=	1000kgr	

400	or	800	h		
x	2.5	kgr	γray	(60Co)	/h	
=	1000	or	2000kgr	

Sugars	

Though	GC	sampling	yields	in	the	new	method	were	rela:vely	weak	for	sugars	comparing	to	the	conven:onal	
method,	dynamic	isomeriza:on	would	be	reduced	in	on-fiber	extrac:on	and	deriva:za:on.		
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■ Sensi9vity	v.s.	Memory	effect	

10	min	extrac:on		
10	min	extrac:on	

Signals	were	decreased	in	the	2nd	analyses	effec:vely	for	c.a.10	mM	
samples,	indica:ng	that	10min	was	enough	to	accumulate	2	umol	
NET	AA	in	200	uL	aqueous	solu:ons.	
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