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Preface

It is a pleasure and honor for me to provide the preface for the book
Prebiotic Chemistry of Phosphorus Chemistry and Origin of Biomole-
cules edited by Professor Yufen Zhao on occasion of the 95™ anniversary
celebration of the Xiamen University. There is no other group in the world
better qualified to review the role of phosphorus in the prebiotic formation
of essential biomolecules, such as amino acids. nucleosides. nucleotides,
oligonucleotides and [inally peptides as well as nucleic acids. This review
is based on nearly 30 years of systematic research by Professor Zhao and
her group on phosphorus and life, who have identified phosphorylation as
one of the key events in prebiotic evolution on the early Earth. N-phos-
phoryl amino acids play an essential role in this scenario. It was found that
a-amino acids after N-phosphorylation could conduct a series of reactions
important for the origin of life, such as peptide formation, ester exchan-
ges, phosphoryl group migration. nucleotide formation, as well as mem-
brane formation. It was demonstrated that only the e-amino acids could be
activated to form a peptide, while the g~ and y-amino acid remained un-
changed under the same conditions. Phosphoryl amino acid 5 -nucleosides
having a P-—N bond have been described as a model of the origin of amino
acid homochirality and the genetic code: the chiral selection of the earliest
amino acids for L-enantiomers seemed to be determined by a stereochemi-
cal/physicochemical relationship. Based on this abundance of data on the
role of phosphorylation in prebiotic processes, a comprehensive model of

co-evolution of proteins and nucleic acids in the origin of life scenario was
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formulated. The twelve chapters of this book provide an insight into this
work on the importance of phosphorus for life, in prebiotic chemistry as

well as in contemporary life.

;?,a A=

Gerda Horneck

Former Deputy Director of the Institute of Aerospace Medicine, Ger-
man Aerospace Center DLLR, Cologne, Germany (retired)

Honorary President of the European Astrobiology Network Associa-
tion EANA



ez
o
"

AeRRBAANLEKEBGRA, EFRRBAEARR L8 HE RS
. AGRRBIBELEIZE MR EF L Lot 264K
WA AEBRES R Do TFhefTit b 2L LA EAM AL KT TN
RMASGZEHBELE LN FRAATRBEMALGOHFRE, 1953 F. £
BHFES Miller #4777 E L0 KEX TR A FAHAMDS>F RS
SRT A RAM MARTFRTAGILERRBAT AR, 60 55k,
AGREFLBFTH ST E,

ZPHBRR BETREFHK =TS FAAEPHBRALFER FEX
FHENKEFARAMNKFFEREARLRR MBI ZOARMBANE
REG XA LALEE, TLEFLRR . A>OELZRETT
BAEWMAEARKEEMH T AFTH RGBS ALEER, ABFLGARRIX
MERZHRETHAGTFLEREKE,

(8218

2016 4 3 H 24 H

001



2 Vs — % .

7 A IR A1 2 iR R il — LR A5 R R RO R AE R 1Y
Blof i iy )z — . S A R e i 2E 3k A A - GR R X
(Charles Darwin) 7E H & # BEAE(H AR IR ) (The Origin of Species)—1
(14 445 J2 R AR 38 - ™ F — S0 R IB% 1) /0N Tt 3%, 20 0l 5 & A ' BRI B 5%
T T RAJE R 5L A Ok 0 R 0 A R IR R ] 7 E O E
(FE . HbEk LR ki i oc R 0. BECHEE DNA T 9%,
DNA 1 [ % K 2 56101 Kk 3 10007 4F 9 192 155 5 110 K5 P 5 B0RE L i
5 Hoflb oo 2k O i . OF Wiy DL ZR K 3k #3 #& Alexander R, Todd #
BZPR AR W6 A A A, B LA AT

2013 4F BHE R LB AR R SR A0 B R ER Y 5~10 5, &
A A8 T[], o b il 19 6 2 5 0k (1 2B v 7 Wl BE A Ok M A R A R S 4
fIEWE? M4 KAR M A BB ? A BELS 7 IRATRE L IL 41
WIF 5 B« A0 A A R 2, Bk 2 S A0 T R TS R BIL ) % i A R
{0 8 2 1 T T DA S B G R PR T o R B R T NS R Mk R
B Jg A PR 1 S5 B B S R () 5 /N 43 F AR B R B T 42 2 K2
T 1 /IS B B 1 B R K I 5 4 o T T R R R U O A 5
B, TR AT I e WF 5 BRSNS i A i R R A ek A R L TR A
4 .

FRAT 20 o Mo 37 5 KK 25 7] A= W1 P 23 44 % £ Gerda Horneck #(#%,
DA At 7 35 A T 7 e S DU AUF 5% T R S E B - O AR AR . SE [ Shef-
field K2 G. M. Blackburn 242 . 4 S 1 1, 5 15 5 M k=5 50 e 11 86
R 27 5 B 2 R Ak 20 i, A b ROl R 2 SR 2T TR 08 T A R 2 2
Mg R2 T SRR XA L A IS R R L AR M R

=

il

001



HESTREFISFARATRESERSE |

EITRFEEF L EITRFH L AERMIR, TR CXIMFERS T8
B XP AT B0 3 B A RS R SR TR R 1T O R B L A
X A 5 B9 SR Sl R i 5 B JRE T R 2 R R A A R A T B K T SR 5
TR T] R 2 T S A A (B 7 ) R 4 0 A 5 110 9 i !

s

2016 3 A



B SAREBHERREE --rrerverenesentoaronnsanonsanenie
FE 1 R O] [BU R B Beeons s saman 2o S em omn s et nas snsrivn snn snnestss
15, 25 BB VA TF sesvssnoashense savmenansuas sssvenassubnsossan svcavnes
e L SR L A TS T ST
12 CERTE IR AR «snrscvonessmotvansosmnnannsasarbranavannsusias

G SRR TATE AR oocorerrcrrreasiNueiniiisesesnnnsnsaseas
R AL AR BRI, sononsnnunnssasnnnnars ssnsns
0. I BERO ST s~ <svtrarscunrinsnesran assvssoadonsurFamnens nasnss
9.3 DRRETREERIEIE <o osososernsssnsasassssnesnnscsnsorasssananss
24 PRI MEIE AR TE | <ononsne ssssswnas st saearasin sxamenasuplene
2.5 A HADTEZ AT DUBACTEID o ereensnns cremesnnsa seraesans one
2.6 HARERBETHAGPBEMARAEEIL cororrinnaoinnans

2.1 WERRES

gzﬁ E%ﬁ_ﬂ]ﬂll‘ﬁ# a_ign cssnse sen sescosieas snnissens seenen
20 ﬁgmgﬁzﬁﬁﬁ SeseEns et 0ss g ss e Bes esasss sssseses soesee

3.2 BEMWIFERLEVINGE -

5.4 WIEBAME TR -
3.5 WL SHAERSKIOTR -

3.6 BMLEE5EEE P—NBIN T I oooervesrmmmecnnmeninn

i}%

e N =

14

19
9
21

- 21

23

ves 24

27

31
31
33
34
36
3
50

(001



=

HESAREZISSREBATRESES

002

FNE BHHRLISER

— A RRFEFMFHMLEN P NREREE ooeeeeeen
4.1 N-BEBEL SRR S RT A G R I M AL AL eeverennereenns
4.2 BEFEEALEEEFRAGTT READPE oovneoeererrornrenomsanerinsinenens

4.3 BRI AL L MR A i A= ik IR AL 5 SR

FRE @Qﬁa;ggﬁ&gm;gﬁ

[S2 IS BN 52 BN S 2 NS BN S) |
. . . . . .

1 BARE B EIIIBE cvertraeer seresasivssrsosasross assosnacs
2 GBI TARIRL weoveeeersesemsen e sss s
3 EERGFHEA Al e e
4 BRAREGREHEIHERE v ovsses vasssssssvansassonosvnss sinsnsons
5 N-BEMEAL LT TR [ R BT ceveevnnarnerenane
6 BEHER T EERBKE SBHBRR coreeeerreeees

EAE ARREBLEERO BB R s
6.1 WEBEILFERE TR BITFFEHERE vevererenrrmmesenmmmmimniiinene.

6.2 43I O,O-VEH FE % BE 2 i) 5% 78 S L 6F 52

6.4 RSB IER 2 [ B BEIEFE R S RIFGE oo eeeeee

FLtE VNEEBRFHEIARCSBEROSIELE -

7.1 RERR AR BEL S WA R R h g

------------

7.2 BEMERAIBIE IS B ITEE cooeerrrrsenreaensorasearennenes
7.3 XU HERR T T3 L 0 2 G ovvvve oo

EN\E SERTUF—BENFTEREE o
6.1 PR S et e cus cuins i s i nsa i e SR s R e e R ORE
8.2 IR TNl — PRI coreveerevensnecreenaneneeasaennnene e

8.3 B S EEREI MG AL oever v vorsvearavsnsssacsrensanase

8.4 BHSEEMH EAEF P S ZESEL oo ennnnnn.

52
52

55

esvessnvanussses 57
44 N N-HEE BRI ) PN ooovee s

62

68
68
70
72
75
76
78

83
83

s ssssssncsane 85
6.3 FIEMS T = B EIEBEBEIL AL IR wovverveeoenees

90
93

-« 06

96
97
100

115
115
116

il

120



FAE NBBRUEEBRSHEBRE oo
9.1 ﬁﬂﬂﬂﬂgﬂiﬁ&]‘&,ﬂ:mﬁ ssesessessasasesssaen et sasnsn et un e
0.2 ik N-BEMALEIEMM L IIGTHY veeveesssnneone s
9.3 ﬁﬁﬁgﬂimﬁm]‘&{t ees ese s acesessranteaes et ass sessenesnass et ses
9.4 N-BEMEALZELRE 5 AR I v eoeveemererense s ssnasesennennes

F+E DB RN R

S B K R IR I BB ceeeseeerennreninetiiinna
10,1 PAFITEALRGE—— 2220 Ik coeveevrrerevnrsencnncnrsrnnnaneanns
10. 2 Ser-His Xf DNA V) EIIEPEHFIT soveervveererecnerannnannn
10. 3 Ser-His X} & [ J5i i U H1 38 PEBF 5T -0 o0 o

10. 4 BRACHE (4 JL 4 o 1k 4k TP

10 g?d‘ﬁ?ﬂ‘)ﬁﬁﬁ@ﬁi&kﬁ?{ sesesesasaascsenasaneans
1.2 ATP H055H) B 5 BB HITL AR wveveevee o veeoeenee s

g+-% BESEGEERE -

12.2 WGPEHERRBL -ooeerrerreereesenanns

12.3 @M\ R R IE R A e -

== 126
s 126
- 127

136
13%

140
140
141

s 146
-+ 150

155
155
158

12. 1 iﬁ\ﬁﬁ B AP e
vees 179
- 174

170

003



B Ay R PR E B e

SiF%: !

EAaRABILEE? “WAR AN EAAZERT L4 RAT,
B2 H M Miller KB B, B2 RMNBREAN LS MK ERFELA
Thty, BELAEELBNR, ALK FUR BE RERY
RETRTAUNECERN RETEANAL,

kh R RAKAEHEA, B 1953 % Miller K IH % KA,
60 55K HEAGREHERUT BRER, HAHEHE C.H,
N.O.S.PEEM RN FRMBA LS YR B B LR WL
(A/G/C/U) Bt TR R ENBARS K E BB o, RH%A
AFRBURF”SRNA RFE 5., Wit ML RELRS
WRELEAN, BN EAENASRRAANALEL BRA
JE#y“= 4 —", # I ,Sutherland # H A ] 5 i HCN\HZS;ZJykﬂﬁ
EC WA ER RGN T, TURM>ERER 5 -HBREYER
SEEH A AN, BE MEZA—"RHT AR RARAN N
HE“REEBI WHEEN, RAEFBIEARNES T A4
AT A AT, MR LA A By R 2 DNA, BB a & 9%,
BRoEREEE L TERG A, AN T MR %L ND
Lkt St Bk EEBARD?

REBTRERK Y BTRETE BRALGKE D LRHH
EEGE. EAAKT BEARSEBLE DR DEABRNE
AR RN R ES RS RS B R
(B BEESREERL,

oS ES S W



