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BIX S R & NS R R R R JRARX S R e By E e TH) BT,
R AR TR T, KRR T LA e i s i . R R AR
WHIL, HOBHNEZS ZRZBARAT FRRTEE FHiF. 5891
BN, MRT N GEAR A ) T-BE o A SRR R it
E=E, [EARMLE ) ey BSOS, BB B RINEH T e
E, BRBWBIAE D RES, 51005 MR AR P Al 2 R
T BEFRIRET R TR R S o R R 2R S B A Rt IR A
%o A LU MEH L R BN AR FTRL T o 122

— =, B O E R T T AR, F
TERE— LRI B RH. %54 (Carl Anderson) #UE [ 222 HF
¥o M A MBS0, IEFT R R RESRE, (Hg BRI
Cft 2 e e S A 45 RO 5 o O SR AT AE AR L 5 ) B At 52 ik
TEAEA S FE R o 1 N AR I L AR D e o 2 2R S w] ) B G
T iE KRR, (AR RS AN EZSE A S o LSS fr
SEMMBYTASEAE T IS, IR E s K RS T R d s .
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FIREYE 2 ANE T B =AY

B R SR FRAMANEEAR R . R, AT BB ERRE A3 3
BT FEAAE THE? M ERTTF 2 MR s IS n] LAR R I A
SR R R0 2 2R, 2B ISR T K 2 [ B e
WARTRZ . A G ss e B e mm S HAERT, EREg TR TO0S
SR AAS B (Gerrit Grijns) LY 505 iE _EElioCREG MRAR 15
HE— T RS A, SIS 2 B Re i = R B P, AR



S RIS 2 2 Aoy T S0 A A TR ITGRAT T 0, K22 B2 BRI 4R
ARG MM &S, RS E RE AR m B e . NIRRT R
AE AR, HAE TSI E SR E R A, BitEse NEER
PE R, FHEZHRANEHRGEE A C— BRI 7 EERER .

Lt B RE MBS R? BAAMEARERZ L EAN. th
SN LRGN EE NS &, ST = B HE 2L A B R A —
N FHIN, IRE NEEE S AR B A8 . P8k — M brirgt 2 1T
faBfE: TR Edt A BB E O OB R | o SR RS
R A d i (confirmation bias) , R EUE NEUHE R H SR M5E
H S G RS m e B AR (R H3 A1+ B, nT LAE Bk
PR L, AR K 22 IRe [T S iy 7 6 T _E A4t W B — (b
EE AR . (HiER AR B At A BEL, SR, s e H
AR A B E R AT . AR e R, AR
A REFT G AL S R B o AR A B 5 ST AR IR o B 2 R
W&, ELEBRENME IR BHE R M S PO o 1242]

T NKR N IMZ R & NSkl #EZ FIRERMC, K
N RS 5 L PR B 22 4 o B AERFIENZ S AR Vg & B, (HAEAE =
TE R R ST A TR A . EA A B R PR B
#i7 (Albert Szent-Gyorgyi) s : [#EAERE MG ERIY
Ho | BRI ES A i Bl T 4R, 2B 2T MiE =0
THRZREZOEE T HEMEAY ), BRA NGEMEC AP
HIVVE R AT AL AR Y, /R R A B P 3 an A SE AR

A A —Le \ B BRI AT . —fL— =4, EdTREE R
BHIRTTER . 2R (Elmer McCollum) [ HAE#GE THEMS R . #
el (Marguerite Davis) 248 ARG MR E . AMEEE 40 FRJEF2E
ROATHEEEY S AR WREYE . 2 i B 2k T
T, DA/ INEIRZERs BRI /KA, ok iis A A2 K ATIB.
(EER A A4 A XY AP B2, R Ay 2 U M 24—
M, AR A —GRE EiE SR B KER, AV B M
AR 4B I #E A 2t o 2 VR SR IR K sl R 7 HEAE RCIE SR
B A U AR (IEAS—42, #E4 RCEe M E =B = (fc Kk
AR , St M RCE S RMER REM AV EE N . #EAE KB, AT
PIYATT £ B Fa S AR B T RO RE R2ps, 4R ZDANMRE T At BB SR A HR
I A BRI BE R A B e AR o [243]

WM R LR E, I NS MR/, 9745
Kkt 2 —m/\HEEFE

ME SR, A RBP4 ER, BF2 B M 2R H A



HIFFbEE . — L =—4F <FHFIEFRy BAFESEIE EM [ RHER T
MEAE K IGETRETEDT ISR | o M RO PRI ANRE . BEHNHE )
PRPRAE A (MR THPIE . B2k el L, HEMR
IS INAEAE AR B R 7 RSB g Lo ], B an NS s inafe A= 2=
AJEBREELE AW GE WA INAEAE ZZ DA B B0 B -

— U —4F, ERFREE R MININAEER . BB SEAm EH
ZHT, FENTRAR AT R A BB R T, LA A BRI
PR — AT 2B R L, A AT LA RE RN R
B Rz L ELEPUEE T SWEREFEK. 1SR 1%, EE
1 SEY) E  R s RS D A B R OE AEE , An TaRAR e L
R, A EMHREEE BRI EB, (k)

B, (BEZxR) « By GAWilL) - [ RFEAGEEKN ! J — i
AR HHETY (Good Housekeeping) EMfiEH S aviEA: M
BTSSR B EAA BE N E S . ) e
(Wonder Bread) =EHHPAMEA: R A5 B ESEREYNES, &
R 22 NI R A S Lo e B W A T £ 20 i R T i = 7T
= °" 244]

H a2 R AL SRR R AR . A R N H b — R B
HEZHPEAR, ANFHARSLFRE - =AM AR K. SR IS 2 7 2 1 4E
‘EZEKA. C. D. E. KFN/\FEBHAEER. (fIFF—E, HGRETFHF)
J. BT BREMEAE ZAE AR, MEIRNE A 2 B I e M
H ARG RIEE. )

ELEHE R A B IR 2 B ? BBCERE AMFRAT L. sktE (Melvyn
Bragg) WASEEEMET: [HEAE R EIRMETERGE I 91 55— 18 44
Fo | IBAIEEARE, AEEMMEE, KAaHE ARG
=, R AHEAE KB, DIIK, BRIEAENELE A — R4 TR
HA AR A K H KA &9 Be WA aE BV E 2 A A B i ) i
Bl TEEN R S R AE AR AR AR P an[E])/ N (R B SR T, B
FRAGEE . > T, REA RIS, (H— BRI e
TR, NEFTREWNEERTAZ, g R ATFENA L RS2 —
TUHEE B, HER RN =0 —E R

WA AE AR K0T H DA AT AR R B 2 R R . RESRIE Lo
WL EE. EEEB IR E, A A S A A S T
HIaESI? —E RS B AR 2 T MATE , 2 P LU E B R i A
Ko M RCHE|, FRBEMGCHERAA G, BFEHIIENK
ZYA MR AR ERER, FrUAIRM ARSI R TEY 2. SR



KA T EAERT, B LIE N S IR R e Sl ThRg . B s
G b, HEREIER. THEAGREEES, | A B 5.
IR (Chris Walsh) St HHARRE:  THELSEMEE M0 2 M4 2 REfE
gﬁ@ﬂ%ﬁiﬁoJm%wﬁﬁﬂﬁﬁﬁ,ﬁ%%gﬁ@%ﬁ%ﬁi
2 C, [245]

BESR AT, (0T B SR L. 4 E W 2 4
BATIRE. BINAEEZA. Co KHIBREELZHNG, &2/ A ES 75
BE NBRAG oG, kBl , AChm b2 East ., MR R0, TR
SRR ER T DL UK T AR A AR N B A — R R A — D N
REHEAT. TAMREAIL TR B, SR 0 > —
~Fo (A M T A R AL S S 1 N B T 2 B A RE LTI, 4
AR R R TG . (LS T ARR T R AR T
ﬁﬁiﬁﬁgﬁﬁﬁ%ﬁ%&@%%,A%@%%Eﬁ%ﬁﬁﬁ%%%

FRRTE SR, B EME— I A R0 . a4
ARG B R B B AR A R MR BB, T
WIS . 824 (Harold White) S25E MMk 1 5 FL A 40 o
FEE—T, fUesEsamamdqr ¥ERNA, i B 56 DNAFIE 18
13, RNASEHL, 7] HAEAINHAL 2 0, (HRNASE Y5 2 i1
%%ﬁgﬁﬁﬁ,Fﬁ%ﬁ%ﬁ%J,%Kﬁiﬁ%%%ﬁﬁﬁﬁmﬁ

R4 M 2 DACB B & TR LA S MR I . 42 ZA
BRI S5 AR AR DL e 40, B 4 2E AN e
R, AN, AT A RANEE . B . 18T,
B0 RGN . MR EREEC, BIMERTE, GBEFEEY
MBS ER 1, R P R R A B R B UL A3 e
Yeo ABENZ /=R RBIFES, 2ABEZ 44 EC, TR
BE st & 4 R () [limey | /NEASEEIERE . FI2KK, #E2E ZDEE L
e RE BT B AN 8%, sk 230 A/ T 42 DS B (LI
LR A T G5 | 7 LA = 44 DI I3 b e iy S i T
T B HH 85 AR L R G . BN S |, R e
BEW, BEERSERERGET 2B AR . 4L Z A,
D. EigRERVEMARR, DGR S5 R 45 A hE Gk s
ST, AT MRS > A I A A B R TR (2460

— T AR N B R R SR T R B
BB (AN LS ZB, N RESRANR M) |, AR S A H 28t
ZHOE TR DA IR A SR IR 6 IR TR AR



No IEnSlERk. 2l (Catherine Price) £ «#Efhanitzly
(Vitamania) —fHEH, FRFIE T IYFL A Bk Z T 6E e .
PR, ARSI T B R BN 250k, (0 & B 2R 8RR
I, RS A Z BRSO THERE) AR . R
I, LR N IR S ER ) (whole foods) *F
FEEUAEAE 22, DA b M R e 2 0 DB A R S RS> . Lk
MREGER L B A A &4, HorP GG A SR s Ak,
B, SRTTRFGE N BAR LRSS I FRfR S M R HA S e . Mk
B B BEL TR £ Wy HL b 7 9 2R L TP W R B AR RS EAE A, LA
W B AL S i A A i L

SBE L, AR A R AR, s N S U
BRI BEIEE 255, RIS HRESRE NE. 247

B A IR A T S T B S R . BB RN, A
W4 DB, I RE & F %, AN IR BERE. INERE
¥, DABUR S BT I DS RS R R S, AR
PE S B BRSO . BB R R, B
SRR Z N CTHC B H P R RS o SR A SR A 245 e, ey
WAL 4 2 DACRB T, 42E ZEEUL A B RS
LR I AT, B TTREE B (FIskM) . SR
EAH T E <Hi4EZy  (The Vitamins) —iEk[E VEg /Mgt
5. AT (Gerald Combs Jr.) mfafith: [SEBEIARIKEHA B E
(R | BRI SRS, AR, 46 44 R RA
TR AHT, RENS SRR . |

X

PR BGTHNT 1 HEARER, (H NS0T BB A v AT AT W o
Ui 2IBR TR VB AR AL S 2 INEAT B YRV E G ? 2
teA i RS, R B O thi A se e s d 56 WU R E Ry 20 .
FHEE, WRFOEEDE, NS AGEEE 7. SRR
%, NUAEEETR I LR, T HIR B seds a8k, LA
Ny PR B ST

N RYIaRARE 2K, 2 TAINE, YA A LR AT 2D
BOAIRZMVEH], BINAERF IR EOEMAEIRME . WOELN . B2
e s, WAERAER LRTEN—Ey, FrUECEA G —faEw
[REAHERERIENG? | o PP BRI N AR, HIE R Py B
T Bt AN b B IR AL T A SHERMEAET Je o JH e, A E R T
N BB AH 55 AR PR T o



—IL=OFAUE, HEEZEEYFEGE R I RHREZOE I 5 S
HSIE T 2 A AR B o (248)

P sede. ah. . 8F, DANGem HABEME gl aAnss.
s, e PSR SEHIB E 55

BV e NHG BB &, W Wb — MR B g . S5 AR
ISR E RIEE, ARSI, $57E NISRZE I (dry mass)
Pl TR, BRE R B RS AT R R ELA AT
o, R e MAEER N NG BT SR, R RRAIE T W aeaTan
P R IR A AR A EL L 2 [ A SRERI— 5 [ RRSEmR L | 1%
WREE, SSIMAYEEARLL A A RE s ) EAFE M98 i
AT AR EE B A GHACH TR AR, AAMR AL I RCE L 2 S S A e . (B
] Ry P A" L A LR A S 3 HOIR IR A RE M BB BRAGEY, U ARAEAS
ORI S ESIRIG S H o B 1 ik RR, SESIE R, §F. &,
Slio WMHNE AR KZ, AR ANEESUREE . 5. . BEy
I OB FHOIRIRECR S RGERESS, 25 3SR 5D M.

FAGEA M. MERE AR, (HARMENFREAE . TR 5 &
BRI, PAFIE AR T AR AV FARE, ORI e S A A

==Y

B H Mo

NBENIEA HA R, HERMIATEAEZERT, 8
fheh. $H. $R. 8. SRR . RS EHZ AWM. MR
(James Collins) #3: ME([FEEREE. fEAERR IR R AA S
AN, | SR 7 A EHEE NS KL/ TR, Hpals
—2f RO H TR A S R e RE A B R

(EAEAEE - Q00 SR A e 1 P T — B A5 D R T I Jo U B L )
B, IR EERAS T I SH eSS R P R e A MR SR 2 47
e hER. reEde s REy B miim S asy, msim. EZER
SIS . SRR ENEY . EMERE, 2eMERIEtaEa
‘?E)%ESU—E%? . L[] Fl O ] 1) A 4 a0k IROT 45 B VG U 2 A 31 B A =

o [249]

SR )2 — BB T s N\ FE R IR B A A R = R AR A LI B
5 TSRO AR B2 B A A B, B DI R R 4 S n s
WAE R EIEFGZAT, NEHECHMRERESMEY . AR, BRI
WHERIR G, (40— 8w T4 a0 SCR & B ia K ey / NS . oK FAE
KEE AR ORIE T R EESEA RN R ERBE—HEM, 550
A E. TR SR L Hofh N RYBRZUIFZT 0, PP g qn ey
TG0 3 S TT Y



KT B PR ) TS B B AR SR . TR AT R (40 T4
SEARAE, SRRV BRET. BOKLEY. MEEREE. & T
FIFAT A E R (ke B A RIELE)

ORI T8 175 B8 th RSB 2 A A N\ PRIk b P T S
S E BRI S R P EAT A e SRR N2 M SR A L P
AR A TS, SRS — RS SR e
B A T B T e K, S R R B ? e, A
SR BRA R B DARTRR £ 5 S AT B\ s [ B AR
W, ERH B AR T .

66: feent: MIMEREREZS CIEERIEE, ARG TD R RE. RERACRD S 2 iR R r s Lok,  LAPIALL

Bl P 2SRRI AR

67: R4 H A E L BISE N 2 /0 8A A KB, SRRl A AR i E. (A
IR £ R i DAL IR TR s L e, (il s oK REA TP AfE A R A=

68: UFIHIE R NI Al LAE AT BLEHEAE KD @R ERDL, (A2 rmak, — ik +
Bl =SBt 4. WIRZEAG ), S B IR ]l B

69: wEal: ARKINT, AFHEALREIHIEY.

700 JIE W EAE R EETS BAT S R 7 — Ry 1 bR ik omega-3flomega-6. Wi 7E AR
isEr 2 M, Hor B R M A IR R



12 A EHREYT
HERIFFREEE
KRUEARLERGFRAL, 2HTEBLRFTHE, Read
R, BAZINGAL G EFHA—BIRAK,
— kB EmAT. %2 % (Francis Crick)

— )OS JNEFERCR, FHE Y B L P8 A2 o BB B Ay . KRBT (Friedrich
Miescher) 2 — FE 284 BT, 8 A A P57 B H A2 3k s 1 AR
(Tibingen) = IHEBER . M A VUL, CEEEEN
A, PERSTHA PSR, ABRE LR ET ot 2 3 ORI E = . W
ACHAIBURCET R e B A, KRBT AT SRRy i, SR — kB2
IR GRS THL ), BEUAE A B2 a8 pO A e e R o8 AR, 2Kk
Eé&MA%%%%%%Eﬂ%%.E%;%%(RMmeﬁwM)
£ o [251]

SR N H N, RS E— I E R 7 EELR R, JRMEEA
SatiE N THE R R AFEEEA MBS SR, B
fAf ¥ A0 A P SRR A B AR B ? SRS ER H—48, o 1A ERT H E A P
L BEE R, A S LR P A PR T G A R A A A R
PERTCEE R <Ry 2B =2, RS, g
(James Watson) FIFEEATEHT. oo EE v HAR R, SRR D&M E
T BRI

25 ] AR SO 58 AR AR 22 U A 2 b, -2 H
BN A A R B, A B AT AR VL R P A
%o%ﬁﬁgﬁﬂﬁmﬁ,@ﬁ%ﬁﬁmﬁﬁﬁﬁﬁ%¢%%$@m*

HUAG H IMBREHE M ARSI R B A, RAIE AT A
Pl B0 Bt i AR B 2 B RO AR, BRI R A ] MEKIE B S R A
g THE ) ZBILT AR R B8 A2 R I 1 R B 20 A IR i v Ja 2|
oL, &bAE I AR R R ML A — P R S B R, R
TE AR Z UG KRR g B R A

fAE T E B S P AR MDA B (. R R
Bk ), IMBEREBIIS IR, BeE S TS, 2 E
RS P AL Y . IE WK EREFRTRER, AP AR AR . H
AR — a1, mMEEES RS AW . B ARl
KA EDEA SR, A A ELE A O 25 B RS 41 Hh 4B 1



A1, FrLAs BB ag ikt .

AR B O — 50 RE o BE A Az, A IEAZ s 2 8 o TR
SHo AnIRAEEEIHIEES, SKEKHTLZEC AR Pz R B AR A, R
BEUAE NI —LME, KBTI 55 b 1) BRI 2 i R E i 57
ZzH. (FEZZE, WHEACHWKRSEZH, AlETE—C ALK
K ET M E RS, BAaMdE AR 7. ) KRS i BT
15, EERBESEGRIWEE S — A R AR, P EBGEC I E R
M, FEECIERS A IR sk RE A AR AZ N HE 2K o 252]

IR H %57, KREHEM IO N R — R SRR H O,
(S 2 HBRIEEEEL. MRS 3 C R B 9 e A Ay e
WMo, R FHEEERE.

FEC ) A — ) N OS2 AR T P AR IS 57 B R A HH S B KR
B, AR SCTEAE B SRS AL AT, BrAEM L RES FE BT
R (B—FE21%, KREHE DTS M i ORGSR AL, B0
FAE RS A A N850, MER, GaldiienfbE24
(“On the Chemical Composition of Pus Cells”) 15 LIRgtH, T HEE—2%
EhRs N BRI E S A T HEATERI O TSI ) A e R 4,

KHH o TReA 112 (nuclein) , BIERMETEE S
DNA.,
NESRAK BT B A BAZ AR A B, it i S (B AN N R
B BRSO B AR AR S, (B R A
PLFER . #0A 4T, T 3R B 4%, £ (Robert Hooke)
AU EEBI S, R —IRWOREIRIERE 7 T 2 /N, A
AR E R NG, BT LU R AR, BT —\TO4M, B
s IR, NERMERE R A YA AL . EE W, £
SR E AR E M E Ay HEEMEE L. JEAELE Y P BRIE .. A
W1 SEAL T RIS RN B A 2L, BEOREE R AR I ER Ak B 5 —{E 4
Mo Wbobh, B ERT—EAE SRR, BMARZREESSR . HE
SEM IR IEZRE N K TIE R, vl DAL 2 AR A2 P A8 A0 AL @il T
i, A ERE T, AR EIF. [253]

KA HERI AR AL P AN e S B R L, A
BT A RE B LAEL (P18 o Al AE A 2t F i K TR AY
%, A /\EMYFEREH : TUnIRIRM. ... ARSI AR R R 2R .. ...
HRREmE, IEEESRETNSERMES K. | BkET—/ UL
T, KBTS RGUE G LR FEME, fegiEass s Ha =TIy
2| = f F A gE S 2 MR 1 sl BB AL TAR AR RRE L E AR [E 1991
o RE A AR B e 25 . B RETHA TR RS T DNAZE —



EN =R AN VIR ERE NG DA il R G e R R T ey

]

AT B R BN 24, KR E R R, R
SR AR VB HAE M, Tt et MR AR AR R TET R B0 1 E
TR RENE . EARE NI DNAL S A, KA T H
= W HRLEE B R TEN  — R G i, B TAEEES R,
%@ﬁ%ZT%@%&ﬁ,ﬁ+ﬁﬁ%%kﬁ,2%mﬁﬁﬁ¥%Wﬁ

JH 5o

SRIMB T AR I Z, 22 W B R RN K BT A TR TE
THVE S, RA BB SR TMAFE RS ASEiE LA 2
—E NIRRT, @ FEE . F)SC (Phoebus Levene) , #f4)
& v SRR BB S T P O AT R T, RSO 22 AR
HRE L, HE 2 HE g &4 % DNA—L AR (TS aT
ARG, AL TR A, (EDNA A Gk D> —{F 4 R
+, BARNAHIRAEA T RIE) o fhiE s B DNAK:BEAE A0S PO FE /N
TURmEL : AR SIS BOMEIE R AR e , IR AR AR 1 s 2
e BNDNAN AR EE L IR R FSCHE I R 25 DNARR A 7] fE 2 fif 5.
I, VYA R R B A HES o [254]

JEA AR S FRAER], (EAF s el AHt DA B . A2
WAT 2, FHEFHIEDNAAEF . i [ ARAHA T e
—ERHN | B mRAEE T EE TN, —HrA NAVEISDNATRE
i, RO E A R AR B E RN _E AR

BT IEMEMEE, EYEFEEERENRA TER. HIut4d /i
FME - T a7 AT DB HE, B h & e TR
— M E—. BHEZIEANHIEAR P EERE R IT 2T, (HEdf 4
BRER, REJR 2 IiEgenos, =4 (4 5 X&) « EE—N
TOEMKRY, EMEZ DX R, WAEHER L — B TR
B FESEAE A M B A SO U — g, T HL AR A N 4Rk A5
e O RE—A Y PR A B o TR I (2 B o S R TR B A i e
ol RGO R A i DNAFIE

HRREFZEAE? HEN S T2 BEHFZH T, lFFLREI T
EEA? BERNIE, BB R —SEE AR RAR T RE 40 b 2R
1 T4k, Rt EEHE .. AEFADNAHAL, EHEEHLE R
AT AR G R FR RRSAR , TR R/ NER B Lo o BELOA A R L
MG S A S R s A R

AR R G —3E s, SRR DT A A R SsE .




REBUN R RSO T, TR B SRS JR9B 5 (Oswald
Avery) F. flift HEEHTT, FRUSAIE. kA bAER IR
SERTAE, BRSCR AR . BIMER A S hPEAs AT E, (H
KREHAR R, 2EAE SR LyFess, HHEHI% (Professor) o fif]
BOOIAEss, (I E CARER M AT A RIS . TR RS e
W BERE. A0, RN A EEASET, R ERI L A
Yo MIEEEBRTEIAR, BEIRATRER IR T A BT A O, (ELEE A3
SCARRIBR AT LA AR R LI L — BT RIS, THE
(RRHITESE, IRER IR RIS (TURIIAE TR0 |, PR (G
JE P IfRAT, B B SRR SRR ST, Rk i A AT
(] T4E, SEEEHOHRRIE, BBUOHERTTE b MRDR Bk 2
BB, (R IR S (T BRI BT A B, 8] A
AT IR (TR B RS, EIT T A . —
SRR, RO TUREMER, TEEE (REAEACAD,
IR INFAFAE ] o [255]

(LR 3 L LA A SR R — (A 98B — L=/, s
EOEE B . A EAERT (Frederick Griffith) SM7 /i 42 45 1
FORHI, SEFaE B BP0 R L —RE I AN, TR . e —
FEEAHIRESE , TEGE1E RIS . 53— FRETDEE, (BRI
o AEELIERR R IR — AR A RE R BRI T REPEARIE, Al BT
AR BT AR R IR AR E S A B AR A LR P,
E RUAE SRR BRSSO A A R A, St
%gﬁﬁaﬁﬁﬁﬁﬂﬁﬁmﬁﬁmﬁoﬁﬁ@ﬁ%%%ﬁm@%%z
HHELL , [256]

IR b LR s B AR B AT A LR RIS e, R LR
= RO B R I B B FTRLIR IR LU, OB — AT B
EPE TR, FA A TR B v s I B O M, T
FOL A2 B4 5230 U 22 S B PO IR S 9 LR [m] TR R 45
ST A BT B LA B RS AN AR g PR, TUBLE
EWG M R AR, SRR RSB, R AR
&Eﬁoﬁ%%@a%%ﬁ%%%F%%@ij”y@ﬁ%%ﬁﬁ%ﬁ

SR o

FISHRR 5225 B2 N S0 o A B o — (] o g 0 B, (IR 9 R
SRV BICEIL SEIL T o AU RERE By TR, (EL5SERAT
VR A R AN B RS RS AN SR T LI RE SRR
IS fE MR AN L, W SE SR & S H7 1 P R TR G 1T
Bt AR AR PR A R R A OB G, AR BT T LA 5



RIANGE, BT A S A B2 i LT G b 2k 3 ks S E
%g%@%%%@%g,%ﬁ%kﬁ%%%&%?@@%ﬁ%%%%%
NEE IR

BRI N EPOMEHE R, HEE TR —IL=0OFw),
) FARBR SO RETCIE AL, BIEEFER. WM&, E5S, HRIFINEMES
WAGEIEE—E 8 @t HEERG/KEE, B[R RE, A5 B g
G THEHRALORE |, IEEMUN T EREREE R, SR A E s
e RE LA I AN R, (EA FE 2 A E . AR R TR
g%&@%ﬁﬁ%%%%ﬁ%ﬁToJ@D%ﬁmﬁﬁf%ﬁﬁ%ﬁﬁ

I

— MO, BHREEL N 5k, HEEsaHEHER R T =4, fhik
TAREN A IR RS e T IR ) B, Fresth BUS 2T E A%
o BPLEIRIAR. 25734 (Colin MacLeod) BHESH 7 —FERH )y
ERT AR B BEAN B LA TE B . M O TS E MR AR, BEE
T2 KA ZL o0 B B O o HL U o A T B LR Sy 9 i 8 A0 BT
ANZR, M ANGERFEEE, WEksTF 25 B NS IE TR 2
B, REEEWIRIT A BRI ENER . (1T BRR 3 A2
ik, ) [257]

B R E 2%, B a4 2 smikE . &K% (Maclyn
McCarty) BHIGTEST— RN G W . s B RN 2 B e B
FIE, TSRy REAS 5 A T A e Al B o A 22 1 R I
HREIE, BECRERE, RS IRIEEE T, FAEDNA,

— I AR, A — R O AR, W DA A 4 2 Y il
RHENBNAN T EEYEMAEET S Ao E8E—2EHE, 7B
SN 93 2 UL B LA AT B La B e /2 DNA . [ & 1T 9% 4 4 i
1, MER GRS BB MG LAR SR RN LA S 2] P it 2l B AN
MHYE A AR, &55 HA O B DN ARG 7 EFH (1S FE ) B a4
M. BEAREIAI A G TR ER BN R T DNAK A B %

{EIR 3 B ORE ARG, A &a I O0TRE R . —TERTb Y &
R AT LA i 2% B ik ) 6 T 2 B M B 2 A o, AR SRR OB B
BIFEEE T T AR 2 T HE 2 . IR ABARURER S, At
WA SR FIRISE  BIE I T2 SO R a By, ANEFEIREE . Rl
BRI KB R A B F i B, B IE T BT
Bro [MIFEEHY, ZSrafffipiifh: [ZHORREREAE? A /EE T RE
%&E%%&?J%%ﬁ%%lﬁ%ﬁ%%ﬂ%%&?%%%%%%
iHl o [258]

B A — LY Y AR R A e DY AE A oT Al R, 1B Bl SR



PR R A AN CAMERES, & NEHERRALKE
B o FURMERE, MHIRIEE ERREA I MR ERER
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REHEEELRINE? | (PURIEAANPEA S ZER], AR, = Py
BRI RS R . ) A W 0 B Sy A U B
(E AR AR R R T8 /E . AL C T. GRERUI RS R A AT 8,
e, (S B R AN R S AR A A A R
il i PR R A L 43 R AR 0 T A M 2 2 PR T 2 £ 7
Fnihg. fER TR ACE i, oo A K SOE RE 2 (275)

b B R A R A R T AT, (H A TR R
SN B AR R AR, AR R AR A A R R R Y
TR, s etk (R I EA I PG E B ThaE . BIEWIG, Ay
Rk PR ] A PR R A B R PO R i LA g R A, T L
BrRAIEAZIN . BB R RAIR T, T L s RS R R S
W, JEBURAERNNEAS B o



- 22 AE A [ S R O B 2 R G AR AR 2 2 B RS . BT R
W JE AR A A RNA ] DA 7 o HE R AR B 91 RNAG T2
DNAH A —EHE 8, =3 W HI7E A DNA Y f AR w0 7 B _ERNA LR
EELEEUC, T HRNA N @@ SDNASEAG ) — . — SN —E AR
BZE R W RE [R [ RNAKE SR8 RE A WEBRARAEAZ , BT A B B AT A5 A
K, SABIZPHEER] FHRNASGE SR HE . H A2y AP EE

EIEA, WHW, BEERITA A MCE R . Z2EEEIIRNASEF
7 (FIINGAGAUUCAG) 21 B BE RE sEAZ S RN TE 2K W 2 B 1R FR
E— s E B RS o2, IS A R? —Lf
OFARAHILIZ,, FFLBEEESE . Y S5 TR S ST Wy
B T R R EMRE, EENR. soE e thHm—BaGE [M
PR - EEE [4EBIREL) |, (HEBEFEA T [HEMEE) - BEfiE
DNA M| 75 2 4] G B IA L — 3R G . 1276]

AR — LN —4F, B4 RAE Y 25 B B A B 2R B i 9T &
FECHT . Jefm{at% (Marshall Nirenberg) #ERGFFZRFEE TN, A2
SEWEE, SN @R VB B a1 . M ARTRE . BESATT LA
EAERE M REZR, AR BMaksa RTS8
MBS A P A E RS, AR SE B — B S R DA S N & R
HIRNA. FZiEAMbAgTEN], ZbEehersds E CEAMEN, BEEfTE S
B, ot PR . ARG R AMESEL, [FE K E B R S
Ly e . FEZE (Johannes Matthaei) ZEE{ # #4m il 2 UUUUUURY
RNAZ T-HRAGAZ IS, 2P ai st & BRI E R IR . S 2, JefmiA
M TN RS Ze P AR dr s il I 28— T —25 s LA =l BE A BE A
UUURA TR IZIR » AT PR, SR E RSN =
IR T REAN SE B IE — T RREELRR , #1inTUUU. GUUR]ACGHBE K
PN R A A, (HER INTAAE RSl R 356 52 2 AN R TEIE, iz
PR R R SIS SRR T T T,

1B E SR CEL L2 AE AR K A A SS B S 1 MR RN ], 3%
AT R el A TG . ARy s R R S R 2 —E SR,
CEAREAY, Bk LRI R EE . MRATE LT sk W
MK R R s F E AR BT L 7 e o\ A = [ — 2
BRI O — EUR R, R A 4 B R R BT AT 1Y 3R,
KHESE, FrLAiER S REEER B K48 (Sean Carroll) 12215 &
B R b T B S S TP IR K

FHEEZZ SRR RE [ 22 - PR AR R A R B R T o MR IERTHLE



BRI [ TSR T R A A1 R S R R e T D S £ e
EFRHERR I P IR T2 Mo T 2 25 1 5 A W AEA B Ml 2

BIER B S 23 /EDNA . BIHE4EA, DNAFPER/ N
AFH S S R R BT B, — LV R RS A A M 2
Ve, WEAREEZITRAM S b DNARES AT 0 o 5 oy S 7

A )SDNA I R I B ek B, (L e, LAELEA
W E A A il A RIS S G FEDNA, AHEDNAS K —
+ =5, e SRR . (R TR TR, R
AR B Y OB B AR R o ) Lo B IR e e
LA L PO AT S B b T AR — i, A& = e R ek
R EE¥ (ATTGACCACAGG...... ), R EIAREES SR
(K)—HN\F=0) %o [277]

TR A\ KEAE AT AT A 22 L RSB B , @ BB [ AR Rk T
Fifle 2B KL BRRlE ThrDNA | (3 (H 3 A B
), EARHEsEE RN MAAER, KigaimniEAEs (R
EREET) B IR L I EE T R TR (R A
K, B /NS THAEEELIR | S 00 AR IR O AC R 2 S B 2k
RTMAE FIDNAZT 205 5 /D L B (S B E B & s I B B, R
B, B A L. 1278)

FAM B bR R B A TS S B B, B TR . 45
BB ANEA BINVE F o 125 Mok PR AR B0 A e ) P 7 2 R ol
SHAERE A A B

HEFDNA S B i, BRI E A —IE T, s sl
EEVEIER, LA aA e A FI0sE, &R s maE i
HEfSBIE — 4, /R FE TS 4ADNA . (& DNANMEIR 2 R B
— B G RR RS S B Rk B IR A, (AT T A Py Lt 55
FR2ET . R FIRIG — BRI/ INREES, 7T AT ok 4 A A 2R AR 1
Bk, BEEERE K. NEMA ZEHEE IR, S5
LT E B BT B 2B R LA P9 TS B f55 1 L
M, B ENT =T HAEERRA R, QT E R 35
EEERE TR, GURANINA %, HREE S R Es, 7
B R R e I B o AT A T AR p AR R 52
B, CA B L e . WO TR, TRk S S e L
S R S A TN o A — 2 L I e R LA T,
?&?L%@K@%H,%ﬁé%mmmﬁﬁﬁﬁ,%u%ﬁ%%ﬁ

T R e N e 2y . DNARBIEAIIAZ Y, QA SO S



BRI TR TR 92, BB S S R AL ST ? S ST iy
i —BEHT /N T AR IR BRI, AN A A T R I R
Zyk . BFFBEEHDNAY A LLEATE:0 7, B Ae i i B 950 1 B
—REAAE RS ARG o KA (T LA Nl K A, T A
R (SRELR) B R — SRR T, R RS A
PEBITEBR I . AHIRARD S I A B OB R LA 2 (BT, RIS 0k
S AEEOR I A EE R T AU 81, L. [279)

FFF LR AR F B . DINAZG 4T I I 2 50 (R 2 P BT, T LA
P4 [ R FT . RS, DNAZHECHTE [ 8 e 1 7
FATMERTE N . ) EDNAB S AL 42 — %) R 2
BTGIE, WAk B 22 [ i B R A HEA S BB TR, i) B At R fo
B (TREBARE . 2 IR 32 50 5 g LA BE DRI 3, T 2 L e 3 R
B B AR SR — R B R b — (LR AT AR — R AR, &
B PR 3 DR S BE TR 33 — R [H], AbIG TERS SE R RE FRR

I PR AP 1) JEG /B REAE T By v B A IR R A J5 T /6 T A
KRS A e SR AE A PO A — (A — S R A A U I %
R, A B R B B A . R R, AN I R A A s
BRI B, S RIR A SNEE . RIRERINRE .
T ARG R A B . KRR, 2 R
Mg LA BRI RS, WIRE A, AT .
L [R BE ek B BR O IE () AT 3 5 S SR ) e — (14T
N A e (E/ NREE E FHER . [280]

AEERRA T, S IDNAE R AR, DVERSEE.
CONBBAI LIk, DNASTR A 7o 2% —E A -5 DNA
R sEE, BT LRSI AR R BTG, ) & T REE [, DNA
PR PR 2 22 AR 1) 5 R 1 BB L i [ e T I G0 s 1 3T (1
HFEMRNARIAD, AT, B, i, 4. oiges—m
BRSNS R  A EE  E VE

AR PR T B DINA A A4 1T RE TS L) T A 2545
RS LI, e E BRI C . SRR R, T
PR [T th s T A S i o B A S — (R4, it i S ks O
BT ERER SRS I — 2B I A e SR BT AR R, BT
DNAEH S PRI S NG ARk A L bt 2 7 R
R 3 I T B ADNA— R -G R R A AT, TR 4 B
%@E%%@K@@ﬁﬁmm%ﬁ,%%%T%%ﬁ%%%%%%m%

1TH,

BRI, 2 A S R . A B (R AT A T



Ji, MEERA—H IR ELE A AGE T R AR S BRI LR,
BRI FE D a2 1 Aam? 24EDNA . 2
ASRYThEY, Bl A I A A AN R 2B an TE A R P9 Sl R
AR T2 — L OFAURHESE R A LA AT RER R, (A5 A A
AR B EE R R AR R 2R T R el — 3l

710 FERT: W AAL[EEEE T DNABEIZ LT .

720 FERT: AHREAY S cell S A/ N I/ M T

73: feEE: b EHPE > (Strange Case of Dr Jekyll and Mr Hyde) 2 L4/ Naft, FRE A4
|- & B SR A AR EE NS, (HA R 5 S ERL.

74t FERT: TG HARSRARAE A

750 JEFF—HE, SRR N EIT . MR SRR R R R I R R AR BT 2
AW 4% (Herman Branson) , & MURHEE A4 ZiZim SCHO S8 =R, (HRAMET LA
PR Y B R R

76: w¥al: Rosy, VAR M WMRA L EEVSHE (Rosalind)

77 AR E BT 0 N R R, BB O — =R EE AR T A5
1Eo SAMME GBI R R AR HAREY), 7 LAEAT PRd A .

78: wEnt: 24 Thiomargarita namibiensis.

79: wErt: 244 Chaetopterus pugaporcinus, [AHYNEERE 254 i IR B e b o

80: L HAMUUSH/NRGE, BB REA NI AR, R AT
JINFEEBE HE P B

8l: MBS REAEE R R
%ﬁﬁﬁﬁ@%@ﬁ?%ﬁﬁ%ﬁ%ﬁu%ﬁﬁﬁg,@%ﬁ%%ﬁ?%%@@%EWQMM
W HN o

83: ME—BISMEALIMBR. FfA T TARME IR A RHEIMAL S, ALIMIBK A & 1 A% A
DNA,



13 JTE=EZH
A= N BHVE
AFo otk 6B — M AR AL £, B EH 22 mAE 5
BRAOTHYERT R RAF@BEREH. @BghATRS S
F, AL ALPR A AHRAE D THEF] 69,
—T@ia4k. 24545 (Albert Claude)

YREKZS TS [ OB —E R AR, —BSEASE, L4
S = IR/ NG, B = IR A SRR AT
fE A, R RFAT AR BRI B . QBRI G N, TR
TR A A T B PG SRR IR . AR AR T, BESRIE T
R LA, WTREEIEE 354 M 7 DNAFING, e ah)
R Z? BESRIRMANE B O RS . AR 154, (REERfehiEdr s g
B D S BT R, T BT FLAE A Bk B A BT th 75 A L I S B
TR . IAMIHOR & B BT B2 N\ R 75 A B AR 40 I P 1 24 IR A1
B RIS A A MR [282)

B g — AL OMFAC R BRI . 5257 K 2 b1 5 2 e B s S A
PR, BRBE R AT e . T2 e D e e 2, 7
BB AR, R A/ NER, /N R — RS
fi A = R e B A =2 R B R, RN E 25 R E I 282 200
JE PR R U AR B BT AT . K DA fth R SR A T 3 o 1 e
WABEIR , SR B L By R B — U = 4T e IBAE, AT T v A i
2H P2 A i — (o7 PR S MR I TR RO, AR, v A5 A\ SIS g T
VENG e sl E , (BB R EE S — R LK B B A\ 2 LR . 5 /4
PGS 1 55 ) A iy i Wy 19 R B D R I S0 Y, i S o S B
(BN . ARRBI IS A ARG I3, b TR A5 B e 38 SR RO AE 1Y
BEA, BRI, ORI RRER A L SR B
KBRS T T A N AR R g\ BB R Ry, B
A R R R TS0, BRI IR R R T &

BB DIAA | TS E TR S0 I P A S AR AN, 7R AE
— GG A BB AL A B I A . T e At R
1R /BRI AR A RIK S, S N A Yo fas DL RRAE
BB G B B, SR AR Y Th e R k. B — AR R
ARk . B (Camillo Golgi) B iXEIZZIAPEEE, Rty & 445
FLICHE  ASBABEAEAC IS A REME i 5 O B B AL I A e R e



FBEIER . BRItz 4h, AU HERF s th— b BERE Rk 7, ooyl
LR BT, A5 T AR A Ay ) B AW B AL 5 R 2 sk R E R
AR AAR 218 | o [283]

A N HMER WS 2 W R, BOREE C AR B iR . 4
%ﬁﬁﬁﬁﬁ&ﬁ@ﬁ%i@%%$%%&@ﬁﬁ,ﬁ@f@@%%k

RIfsEanitt, ABERACHIZE M B A0 B il A T A K E 12 T A P58
TEL. MBS IEA T E R L2 R P, HEARGH T AR IER L
I JRE PR3 A SE i SRR AR, A SRS AR s R 2 T4
W, O 8SERANE, BAHAS T EGEM RS E. &2
%@ZﬁE@Eﬂ%%ﬁﬁ%—ﬁﬁﬁiﬁﬁwxﬁﬁﬁﬁxﬁ

] o

SO TELUVE B = Y E TR AENT 5T, — L UEBUS B 2 1R
YE VKGR SE e . BT iR [ Tl B AN B G, (H A5 s
HERERETFEGY, B ERAR AR EEICER A E
TETHHE HHESE, SR E T . i &a T N —45TE: EEE
VAR e AE AT oS B NAEZE S E3 B3R I Rg A0, A8 PRI A 4
PRI AT R W REE 5 Bt s |3, (HI2 A NREA R I 43
Bl 5 e A E o SO TEAMEME B OM5 8], 12550
%?%&@@ﬁ%ﬁ%@%?%ﬁoﬁﬁﬁﬁ%ﬁ%,E%E%ﬁ%ﬁ
I o

1 ST AEEN BT 5 P A 8 R — A I 4B TH R BUE R . e ds il
— N HEEL TR, FERHEFRBTIE R RE T 3 SR TS,
B EAEPETR, Mt & B A Y B TG — i/ 4
A B ERmEE, WA MEANRA, EF BRI E80s
Yro FERIFIRAPREMET = O BB, SUOSEERE LA R SR E, Al
AT, ERMEER S, R BURERHEAIA I, AR
KGN D E SR MBI R A, e iesEslini B/ . R4
(Diego Rivera) o ZAMMAE TAERH, —0OL R 2 AR5 e 55t (4 & 1
TR RS, AMEE 73/ VAL, BERTRER B S NA NPT, WAEHE
B HETE T . AR T AR R G B IR AR, ST e
ﬁ?@@ﬁ,ﬁﬂi%*ﬁ%ﬁ%(%—%%@%uﬁ%ﬁﬁxékﬁ
M) o [284]

WSS R RS Sy, (= T HBUS S aE . BFgEAr
FrEAERE R EZ TN, MEMEEZIEE 0%, RIHEEER
AT A RS HT A BRI A B AR T, REAR T HGE A BYAT
WER, Wit — L =FAF, AN LN o 2% (s e e B A Ak e il



BV B IS 5 530 .

AR S B (AR (BT A8, AT DAJSOAE B s o A 6 A e
SRR PR RCRN Pk Al R B B B R, (EUSE AR A A 0 R R T A
IS Ay, BSOS E B Bk, DAY Bt R R
TR BRI . 3T 2SR, TR BSOS U S B O
%gﬁ,%%%Wﬁ%ﬁ%ﬁﬁ—%%\ﬁéﬁ%—%ﬁ?ﬁ%ﬁﬁ%
}L\ 4 o

205128 L RF IR BT A s S R R AL, SRAE TR IS TR /K

MBS B TR SRR BN & 408, ISASSSRE T IHEE 7 J g — e ST
AGEA T IRBRIME @ A H B, 25 BT =k PR REAET
SRR AR A BB K TR R AR,
AT S TEE AT B L R . AR T R A
RNA, ZEHBE—E FEEHRNAN e, 10 7 LR agnS
REEUE YRR TE - [285]

R A K Y S R B b B R T 1 B A A PR A 1
SEARE I, th T DU B A A A A o i B4 A i L
5, DRI Bk o i s A S A B P S A R Rk T A e, Bk
B REFR AR A L 25 AR SA M0 BT AR 2R o R T A5 e B T ), 5
I B TE IR 9T oAb 2 AR 1 3 AT L (T S A S S M o
® FFLAROE A P — B . BRI B A, Bk
OO T E M s s PSS A TR e P A 1 g o

TS FURIH A B B O AR TR B AR O I 2 A
B DAL, TAIRARANN, BUH e PR, (E R A R A
B .. AR RSB, | SR R R
(Keith Porter) [A[1%, [flfMVEISES: BEEEANINSE B IOASHG (s
%2 | AN AERERE THIRZETY ), B R R
FEAE, BRI T R IR ECE B AN, 45 BT AR S B 1Y
B P S SRR T S A S

(B 52245 e N\ RIS 2 7 a5 R PR A 2 BRI R S e B, S
B B S R TSRIGEHIES: |, Plns| ABr TR, (s
B BARNT . Sk R AR T K . [286]

AR S T OB R AN SE T, TR A U — SRR LN
BEELSN BIRE 2 THECRE | B (ks ), R e ST 2 e A I PO A
B N BB . SRS N S ARG, bR T DU S
B LA AR G ThE B F R ik L B R AT P AL T
e {F 585 G BB SR N K, S MR SR it



I RS AT AR IR A7 1 ] B S R Bl RS FH i R A R Ry T e 5 i —
. 2407, Bk, B0~ (Ernst Ruska) #5315 #8REA
RN/ N TR, IS SRR AR AR . R E R S 1S
JESREHE, IR E T EZ R R B IEGS .  EiE Al R AN R
F R Heige S N R Bam Tt 2 B R — TR K, At
JEEE - MEIN R A O IR BL? SR R R, EEIBI R A
REMFREIE T (HEE I RIFEEme KB Es, FaE iR A]
%§ﬁ§$;$%,%ur%¥@%ﬁjm%ﬁﬁﬁﬁiﬂﬁ%ﬁﬁ@
EE— T

R NEIR SRR R 2 MERX R G EM D B S, (BEHR
IEREPRE 2O N . —L==4F, ARSI SAESE A, Z2H3AA]
ATEEMERENEEH . MRREsm s, B L, &5REEH
TR, HiEEEEE IAEEHEME] o RMENL, SrREBEEA
WFFEDF 5T, B2V M A ali A AR A E T 18 5
o BACERMELRE /T (RCA) BB E T HME5. 1287

— U =K, BERALA T HA —=2 & FHMEE, —KAEEM
B B8R 0 2 5] H B B A, (B 28 ks, )
(Albert Gessler) {5 ASCIATEAE, Fr LML RAE R IA . FER AL E]
] <BHEE»  (Science) FERETEE| oS ENICE, KE M IE 41
FR R BORE LS P R A S ) BT RE B B AR RE BT AR 32 o 2 ik
i L S EEL AN E TR R GE, ARG H YRR . 3
BEAE L

AP 1 S R R BT PR R, N ZE DAL SR 2 A e A 2
b, EISHERF MG EES ARSI . P S mp g erg e .
RS IE A AR 2, B T DT A AR A0 AR A A 2 BB R
TGS, Ki—FEL Sy, — UV VYIS B KA fa i 2] 25 — R B
ALY R S E G, WAERNIREE R E. T&EY T, |
WA TEEaTr A R B N NBERE T ABR..... 35
GG CHEEAL, EEDEEMEE AT VA . | AT R R
FIEEAMAIEES ETE

HEMA, AMEPREREA RS CRAR B R, JUTHE R
FfrE—2 5 R 2 A = S s M. ¥ s TEEI I 5T AR THRZR 2N
B KBRS M s fhy, B . s HTE . L JhR
(Christian de Duve) FI&E1S. THF{%E (George Palade) fx /2315 . ™
o EES T ACH IR 2 R A, et g by — (B2
G NEEBIZ RS A HRNASLE S B o WSRO REE Y T3
K B FORAVA AR, B Mdy . SRS M MEEEk sy



TR ATAL & 2 B AERE S A ThAE . B T ORI s R, B
ISR IR 10 PR 4 B s R AR S TR &,
FEB ALy S T AR FVRL, DA/ N Y A4 3 1 A4 i L b
B R LA R A I AT B s e AT 2 ) 52 Tk
BT, BEE R B RIS B A B R S R s 2
SRS A, BRI A B | AR FC I (e epkdidr skt
KRR , A B IMERRFE(ZRE (UUAREEREI & AT (L
BRULITE) ErREORI, T AT AL th i = G R R R TR (s
SARYERERIE) o [288]

TEES AR N BB B M S IR e —HUUILAE, SRABH R i —
PR RS R B At [ AT, A SR b BB T Y5 JE SRS T
Bt 1 AR R 2 R PR T B A L P S B, BT R B S
THARRKEE, E—oifh B des e, e, . iR
%Q%%E%ﬂ%%ﬁ%%ﬁ%ﬁﬁ%ﬂ,ﬁ%%%zkﬁﬁﬁﬁﬁﬁ
KR 2L o

—HEOERIIE, LR ELH T PR, BT 5DNARA
. B TE PRI S I S R P I B T R T S o
BRI, 0 B A AT AR B B T 2 s B B AT 7 B %
B3 ANI T AT e — Py TR T o AR A A 0 2 5 B TSk
Mo 48/ (Franklin Harold) ##iiA: TR &l esiiiGiE HEER S
W, S ANIR R TETE R R B R RS VAR S T ) kR A
TP Aot ok T, B MR R, M SRR H A B
[ ARZ

BLEERTIREEL N DO, —6r [RGBk g, i
FLAREEEL T A N B S AT N S gl . 575 . SKUTAT (Peter
Mitchell) TJBEER |- 4 BRE4R 5 06 IS0 NS, 15 A 25 1k 2 s
RS, R IE RGN PR ZI IR,
— LS UAE A A 4k B R B [ AR SRS, AR sl
ST RUBOE AT b B bR — A5 . RIS S B
KBTI AR A AR AT A 2 R ) 3 R — SR M AT (B 0. A
BB B, N E PR R EE. | A ARG E L
2%, Tt B R T E 258G, KR — s e, ¥
B FE e s A R A S AR P 4 B e A1 3 2 A ) LA
W, BUERME S FAERMA R, RO Y A 1289

ST R BB E - B MRS, (AL T DU AR BB /%
W T AR BT R AR LTS B T, R O B DA TR ST R R
s OO SR .\ BAT I (T A A RE R AR K AR T 1)




T

ZYRHEZEREE A . HEEREPRAARE, M &5#
PP A B E 2 AR — 5 o

e, 5 {375 0B PP VBT Bl A B K R SR R W R SR A R I R E
%éﬁﬁﬁﬁﬁﬁﬁﬁﬁiﬁﬁ%ﬁﬁmﬁﬁ,%ﬁﬁ%%%%ﬁ%%

L o

A ESAE T AR AT RE o B AR IR FY 4 1Bl
v IR I A AL AN AR 2 B R AR S e YRR A

B B R T B R . AtMIEE e KA VYA -E AR A
JCHY /N, RRABATP (=R , BAGT AT C HEE —EE
WARTTENE . ATPS A, Brerasis HoA HEME R, Br DA B 2
[HEFEITCER | o ATPARR HEELE R & T BT fefs — I hiie 32wl & ke Ui
KIEER - [290]

R EHER EMEIATP @ g —, 5oih 1 A KB RE = Y
ZOMEERE . BT LOE A E e, SRR B
Yoz el (B LSS AR ), ARRRP R S A S R R
FEIH A, FHATPE Y AR B K B 1 Be o s i 2 40 oA 75 Ky o
To WAEVMERNMAENE, i RNV EK R EATPS T
WIEEEI ST, B NEMREGPEENATPE I EEEAN, —T 5
Bl —EATE. FrA4EWEFIHATP (880 1) A EceER, TRILATLA
T E A RE G R s B A ey AR B [E AR R . AFSS N BI04
BIATP I KRR SRR e e 2 BRI o TR DR SR 08, TELHE S i
— e T A [ gl P B2 5 L T R o

Tl —fE/ N RE A RATPHIRGIN A BE B /Y N E/NE—
e, BRI AEYNER F A IHEAE C I BRI fRimIRLE TR S
B ) B RS ANTE AR B N Y AR 7 =X

THEERE, BOKEZ BKIEAM R . ARESR, MIEER NS
T, HHEERE. SHAMRANE, 2 KM ERSEATHARER —
W s o MRRE MG IR SR s T rl 2T oT E 8, SR A 4
AR . 8 T P2 E _ DAL AR . fE v (Efraim
Racker) JEARKZE THHEMBETEVEE T BB EERH
CHE TEZR, [EARMRE e s, H I EMEEREERE . —IX
T L, MooEREST: [WRENESE—IHEAK, RIRRR AR BT i
RBAEE DL | MMAELE B &R 5% A A HEEHTT T o

I RpAGE T B A R R DI SR B B 22 NIERE e AR SR i . =
H O AR MSEH 55— T aENE, RN A KR 2 F15 2 BRI
Eo HL@REHEF I 25 h e F%: (Heraclitus) &5 : ANA]



REBS A F— T8 e K IR B A LI o) £ Fo JE S A e ——A4 i [
T AR R R RS AR, (B BT o PR . A
HEAF T T Y A b s AR (T R . s R
%, KUIRERE A P 5 AR B BT

KR BT G Bt e . B T UM EUR AR R R
ST ANEI LR, SRR S — BB AT R . R
ST P A R e R ATPI AL, i — 3l B 75 (B 0 I k.
LABHATEATP RIS ST K s H o SR EIRE R b A ) FE R I
%ﬁ%ﬁ%%ﬁ%%ﬁ%?%mﬁﬁﬁ,%%ﬂ%%W%Z%%%ﬁ%
145 ATP,

B R B AR R B, (R, AR DA A A T
T IS8 i ] LA A R S T B — i B ARl T B 2
M AT T, AR A U RS E R T, WA RS
RS AR A 2E iR ATP

— AR T e OB, O TR e %R
Ao (AT LA, SR EIHE I E S i S R OO .
F|. BUHEHT (Leslie Orgel) 7EE/EEF: [FREDAASHEOMERT LR A
FTHE, MM R A . | Moot S AS s TEE A R mr i /N
ok K HE S RAENHR/GE. | 8T ) SERDfEs, Feilex
N TRBRBERILRANE | R . RAEEZ FAKATRE
WIS I LRI, A B BRI R . 202)

B VAT AN SR T EL AT AR R A, (Al th J52 A 2 B T sk
FEZ H OIS, BRI A 5 b A i 7 B A S B,
SRR 2 B T 0 I BUATEE . A, AR H M A TR 2 AR 0 1F
i T - EE e A HE ATP

TR TR KBS T R4, KUITE S s s E e a B, (R
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vii  “We are an example”: Quoted in Cott, “The Cosmos: An Interview with
Carl Sagan.”

Foo SRATHR—TIuE - 8 e

xii  thirty trillion cells: Sender, Fuchs, and Milo, “Revised Estimates for the
Number of Human and Bacteria Cells in the Body,” 9

xii over a hundred trillion atoms: Milo and Phillips, Cell Biology by the

Numbers, 68.

xii a billion times more atoms than all the grains of sand: Blatner,

Spectrums, 20.

Xii —TEl-+ 83600 ARTRRE I ERIIET A

FTAAREEHRKHA, SEBEANEFHET k. NS TRER

MR . SIHTA] (John Emsley) 1 «HIRRYEANS: JLRARIZY
(Nature's Building Blocks: An A-Z Guide) fii%t, %ﬁ%% A ER S

% Chemicool.com#fuli. SR EMERS2 BIRZ NP, BlnsKal L

H OfeSHEE, tn] IE R TS .

1 REAHPEE: B R B AL

3 Central Hall, Westminster: The Times, “The British Association:
Evolution of the Universe.”

4 “primeval atom”: Lemaitre, “Contributions to a British Association
Discussion on the Evolution of the Universe,” 706.

4 “who are immeasurably beyond”: Barnes, “Contributions to a British
Association Discussion on the Evolution of the Universe,” 722.

4 cycling trip: Mitton, “The Expanding Universe of Georges Lemaitre,” 28.
4 outdated single-loading rifles: Mitton, “Georges Lemaitre and the
Foundations of Big Bang Cosmology,” 4

5 “The madness of it”: Deprit, “Monsignor Georges Lemaitre,” 365.

5 He lacked, it seemed: Deprit, “Monsignor,” 366.

5 he somehow found the concentration: Lambert, The Atom of the

Universe: The Life and Work of Georges Lemaitre, 56-57.
5 What was the universe: Lambert, “Georges Lemaitre: The Priest Who



Invented the Big Bang,” 11.

5 “two ways of arriving”: Aikman, “Lemaitre Follows Two Paths to Truth.”
5 Amis de Jesus: Lambert, “Georges Lemaitre,” 16.

“wonderfully quick and clear-sighted”:

Kragh, “ ‘The Wildest Speculation

of All’: Lemaitre and the Primeval-Atom Universe,” 24.

6 “ ‘island universes’ similar to our own”: New York Times, “Finds
Spiral Nebulae Are Stellar Systems: Dr. Hubbell [sic] Confirms View That
They Are ‘Island Universes’ Similar to Our Own.”

6 the latest measurements taken: Mitton, “The Expanding Universe,” 29—
30.

7 BEARBERZM: IR RRN S H G REA, BRESEE
PE N ARBOR, RS B R SR A IS [ 5 B R T i
B o

7 in a little-known

Belgian periodical: Kragh, “ ‘The Wildest Speculation,” ” 34.

7 As he strolled through: Lambert, “Einstein and Lemaitre: Two Friends,
Two Cosmologies.”

7 He hated it: Frenkel and Grib, “Einstein, Friedmann, Lemaitre,” 13.

8 “Your calculations”: Deprit, “Monsignor,” 370.

8 began speaking with Piccard: Lemaitre, “My Encounters with A.
Einstein.”

8 embarrassed to find: Farrell, The Day without Yesterday: Lemaitre,

Einstein, and the Birth of Modern Cosmology, 97.
9 “disintegration”: Lemaitre, “Contributions,” 706.

9 “The evolution of the universe”: Lemaitre, The Primeval Atom: An

Essay on Cosmogony, 78.

9 “Bart, I’ve had a funny idea”: DeVorkin, AIP oral history interview with
Bart Bok.

9 “Out of a single bursting atom”: Menzel, “Blast of Giant Atom Created
Our Universe.”

9 “an example of speculation run mad”: Kragh, “ ‘The Wildest
Speculation,’ ” 35-36.

10 in 1978: Godart, “The Scientific Work of Georges Lemaitre,” 395.

10  “Physics provides a veil”: Quoted in Lambert, “Georges Lemaitre,” 16.
10 “There is no conflict”: Aikman, “Lemaitre Follows.”



10 “biggest blunder”: O’Raifeartaigh and Mitton, “Interrogating the Legend
of Einstein’s ‘Biggest Blunder.” ” While some historians have questioned
whether Einstein actually said this, there are those who believe that he did.

10 “This is the most beautiful”: Aikman, “Lemaitre Follows.”

11 “the Catastrophe to begin”: Lemaitre, The Primeval Atom, vi.

11 “The hypothesis that all matter”: Cooper, Origins of the Universe.
11 “the Big Bang man”: Lambert, “Georges Lemaitre,” 17.

12 “It is the same way that”: Author interview with Avi Loeb, Harvard
Smithsonian, August 2018.

13 gravitational echoes of the Big Bang: Webb, “Listening for Gravita-
tional Waves from the Birth of the Universe.”
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15 But many physicists were dubious: Rhodes, The Making of the
Atomic Bomb, 30-31.

16 “Atoms and molecules . . . from their very nature”: Blackmore, Ernst

Mach, 321.
17 a hundred thousand times smaller: Close, Particle Physics: A Very

Short Introduction, 14.

17 thick metal boxes: De Angelis, “Atmospheric Ionization and Cosmic
Rays,” 3.

18 deep into caves: Gbur, “Paris: City of Lights and Cosmic Rays.”

18 Enlisting the help: Bertolotti, Celestial Messengers: Cosmic Rays:

The Story of a Scientific Adventure, 36.

18 a twelve-story orange-and-black: Kraus, “A Strange Radiation from
Above,” 20.

18 squeezed himself into: Part of Hess’s account is translated into English
in Steinmaurer, “Erinnerungen an V. F. Hess, Den Entdecker der Kosmischen
Strahlung, und an Die ersten Jahre des Betriebes des Hafelekar-Labors.”

19 “an inner joy is felt”: “The Zenith Tragedy”; and Oliveira, “Martyrs
Made in the Sky.”

19 Wasn’t it more likely: Ziegler, “Technology and the Process of
Scientific Discovery,” 950.

20 especially fierce opponent: Walter, “From the Discovery of
Radioactivity to the First Accelerator Experiments,” 28.



20 until Hess bitterly objected: De Maria, lanniello, and Russo, “The
Discovery of Cosmic Rays,” 178.

21 “the most original and wonderful instrument”: Quoted in Nobel
Lectures Physics: Including Presentation Speeches and Laureates’
Biographies, 1922-1941, 215.

21 Fearing others would think him crazy: Pais, Thward Bound: Of

Matter and Forces in the Physical World, 38.
21 when cathode rays: Two years later, J. J. Thomson would discover that
the cathode “rays” inside the glass tube were actually streams of electrons.

21 “Nearly every professor”: Pais, ITnward Bound, 39.

21 He was startled to see: Crowther, Scientific Types, 38.

21 Wilson was ecstatic: BBC Interview with Wilson in transcript of the
BBC documentary “Wilson of the Cloud Chamber.”

22 “little wisps and threads”: Nobel Lectures Physics, 216.

22 insisted that Anderson: Anderson, The Discovery, 25-26.
22 the tracks must instead be from positively charged protons: Anderson,

The Discovery, 29-30.

22 None of the famous gods: Hanson, “Discovering the Positron (I),” 199.
23 almost four thousand positrons a day: Sundermier, “The Particle Physics
of You.”

23 “Who ordered that?”: Close, Marten, and Sutton, The Particle Odyssey:

A Journey to the Heart of Matter, 69.
24 radium-fortified soap: Rentetzi, Trafficking Materials and

Gendered Experimental Practices, 2; and Miklos, “Seriously Scary
Radioactive Products from the 20th Century.”

24 Could she use a photographic plate to detect: Sime, “Marietta Blau:
Pioneer of Photographic Nuclear Emulsions and Particle Physics,” 7.

25 That was impossible: Rentetzi, AIP oral history interview with Leopold
Halpern.

25 generously offered help: Rentetzi, AIP oral history interview with
Leopold Halpern.

25 an early member: Galison, “Marietta Blau: Between Nazis and Nuclei,”
44,

25 Wambacher began an affair: Sime, “Marietta Blau,” 14.



26 up to twelve smaller particles: Rosner and Strohmaier, Marietta Blau,

Stars of Disintegration, 159.

26 taking her newest plates: Rentetzi, “Blau, Marietta,” 301.

26 seized her photographic plates: Rentetzi, AIP oral history interview with
Leopold Halpern.

27 she was embittered: Rentetzi, AIP oral history interview with Leopold
Halpern.

28 130,000 miles in just four-fifths of a second: Plumb, “Brookhaven
Cosmotron Achieves the Miracle of Changing Energy Back into Matter.”

28 less than a billionth of a second: Close, Marten, and Sutton, The
Particle Odyssey, 13.

28 Joy turned to bafflement: Riordan, The Hunting of the Quark: A
True Story of Modern Physics, 69.

28 “If I could remember the names”: Quoted in Riordan, The Hunting, 69.
29 At age three: Johnson, Strange Beauty: Murray Gell-Mann and the
Revolution in Twentieth-Century Physics, 35.

29 “on first acquaintance”: Glashow, “Book Review of Strange Beauty:
Murray Gell-Mann and the Revolution in Twentieth-Century
Physics,” 582.

30 Perhaps it would finally lead: Bernstein, A Palette of Particles, 95.
30 Gell-Mann was apprehensive: Johnson, Strange Beauty, 194.

30 Collegially, they shared: Johnson, Strange Beauty, 208.

30 Long Island housewives: Crease and Mann, The Second Creation:
Makers of the Revolution in Twentieth-Century Physics, 275.

30 But in the 97,025th: Johnson, Strange Beauty, 217.

31 “That would be a funny quirk”: Riordan, The Hunting, 101.

31 What the hell, why not?: Crease and Mann, The Second Creation,
281.

31 auseful mathematical fiction: Johnson, Strange Beauty, 283-84.
32 more open to publishing “crazy” ideas: Crease and Mann, The Second

Creation, 284.
32 the barriers: Charitos, “Interview with George Zweig.”



32 labeled him a charlatan: Zweig, “Origin of the Quark Model,” 36.

32 amillion times smaller than a grain of sand: Butterworth, “How Big Is a
Quark?”

32 “they [had] begun opening”: Sullivan, “Subatomic Tests Suggest a New
Layer f Matter.”

33 abillion billion billion times: Chu, “Physicists Calculate Proton’s
Pressure Distribution for First Time.”

33 You could fit all of humanity: Sundermier, “The Particle Physics of
You.”

35 atrillion quadrillion H-bombs: Cottrell, Matter: A Very Short
Introduction,
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36 “There are three stages”: Hoyle, Home Is Where the Wind Blows:
Chapters from a Cosmologist's Life, 154.

36 “I saw an abyss opening”: Payne-Gaposchkin, Cecilia Payne-
Gaposchkin: An Autobiography and Other Recollections, 124.
37 She prayed for high marks: Payne-Gaposchkin, Cecilia Payne-
Gaposchkin, 97.

37 “prostituting her gifts”: Payne-Gaposchkin, Cecilia Payne-
Gaposchkin, 98.

37 expected to become a botanist: Payne-Gaposchkin, Cecilia Payne-
Gaposchkin, 102.

37 “like a nervous breakdown”: Payne-Gaposchkin, Cecilia Payne-

Gaposchkin, 117-18.

38 she was eager to tackle: Gingerich, AIP oral history interview with
Cecilia Payne-Gaposchkin.

40 thousands of individual stars: Moore, What Stars Are Made Of:
The Life of Cecilia Payne-Gaposchkin, 172.

40 “As you look at it”: Author interview with Owen Gingerich, Harvard
University, February 2018.

40 “utter bewilderment”: Payne-Gaposchkin, Cecilia Payne-Gaposchkin,
163.



40 “Miss Payne? You’re very brave”: Payne-Gaposchkin, Cecilia Payne-
Gaposchkin, 165.

41 “clearly impossible”: Payne-Gaposchkin, Cecilia Payne-Gaposchkin,
19.

41 There were strong reasons: Gingerich, “The Most Brilliant Ph.D. Thesis
Ever Written in Astronomy,” 11.

41 “His word could”: Payne-Gaposchkin, Cecilia Payne-Gaposchkin,
201.

41 “almost certainly not real”: Payne-Gaposchkin, Cecilia Payne-
Gaposchkin, 5.

41 told the writer Donovan Moore: Moore, What Stars Are Made Of,
183.

41 Russell himself: DeVorkin, Henry Norris Russell: Dean of

American Astronomers, 213-16; and Gingerich, “The Most Brilliant
Ph.D. Thesis Ever Written in Astronomy,” 13—14.

41 “the best man at Harvard”: Payne-Gaposchkin, Cecilia Payne-
Gaposchkin, 184.

41 would not be listed: Payne-Gaposchkin, Cecilia Payne-Gaposchkin,
26.

42 offended by the “stupidity”: Hoyle, The Small World of Fred
Hoyle: An Autobiography, 72.

42  When he was not “ill”: Hoyle, The Small World, 64.

42 “one of the most innovative”: Couper and Henbest, The History of
Astronomy, 217.

42  “the most creative and original”: Martin Rees quoted in Livio, Brilliant
Blunders: From Darwin to Einstein—Colossal Mistakes by Great
Scientists That Changed Our Understanding of Life and the
Universe, 219.

42  “in less time than it takes”: Livio, Brilliant Blunders, 180.

43 nowhere near hot enough: Hoyle, Home Is Where, 150.

43 top-secret meeting: Mitton, Fred Hoyle: A Life in Science, 99.
44 A nighttime curfew: Mitton, Fred Hoyle, 104-5.



44  vastly more heat: Gregory, Fred Hoyle's Universe, 31.

44 trying to glean: Hoyle, Home Is Where, 229.

44 When a star ran out of fuel: Hoyle, Home Is Where, 230.

45 actually be hot enough: Mitton, Fred Hoyle, 200.

46 almost 23 percent: Emsley, Nature's Building Blocks: An A-Z

Guide to the Elements, 111.

46 “Here was this funny little man”: Weiner, AIP oral history interview
with William Fowler.

46 like a prisoner in a dock: Hoyle, Home Is Where, 265.

46 @ H: £ «ZERAFE|Z Y (Home Is Where the Wind

Blows) #AFRTRTASE 11K, AR ERCAIEETEM . #iE
(Simon Mitton) i B B _F2 26 H .

46  After several months: In Home Is Where the Wind Blows, Hoyle

writes that the wait was ten days, but according to his biographer, Simon

Mitton, Hoyle heard the results several months later.

48 less than 1 percent: Emsley, Nature's Building Blocks, 112.

48 heavier than iron on Earth: Uranium, with the atomic number 92, is the
heaviest element that exists naturally on Earth.

49 as a hundred billion suns: Gribbin and Gribbin, Stardust:

Supernovae and Life—the Cosmic Connection, 156.
49 newly released data: Burbidge, “Sir Fred Hoyle 24 June 1915: 20
August 2001,” 225.

49 Hoyle’s team found evidence: Hoyle, Home Is Where, 296-97.
50 27 million degrees: “The Sun,” NASA, https://www.nasa.gov/sun.

50 clouds of viruses and bacteria: Horgan, “Remembering Big Bang Basher
Fred Hoyle.”
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52 “My own suspicion”: Haldane, Possible Worlds, 286.

53 “innocent entertainment”: Wetherill, “The Formation of the Earth from
Planetesimals,” 174.

54 someone with the technical skill: Burns, Lissauer, and Makalkin,
“Victor Sergeyevich Safronov (1917-1999).”

55 Soviet colleagues were skeptical: E-mail to author from Andrei



https://www.nasa.gov/sun

Makalkin, Institute of Earth Physics of the Russian Academy of Sciences,
May 2018.

55 He presented a copy: Author interview with that former graduate
student: astronomer Dale Cruikshank, NASA Ames Research Center, May
2018.

55 a groundbreaking program: Wetherill, “Contemplation of Things Past,”
17.

56 runaway effect: Wetherill, “Contemplation,” 19.

57 Venus spins backward: Hazen, The Story of Earth: The First 4.5

Billion Years, from Stardust to Living Planet, 45.

57 violently assaulted: Fisher, “Birth of the Moon,” 63.

58 “His contributions are of overwhelming proportion”: Wetherill,
“Contemplation,” 18.

58 “first scientist”: Gribbin, The Scientists, 68.

58 far-off magnetic mountains: Hockey et al., “Gilbert, William.”

61 “As far as I'm concerned”: Cooper, “Letter from the Space Center,” 50.
Cooper tells this story beautifully in a series of articles in the New Yorker
and his book Apollo on the Moon.

61 King had helped persuade NASA: Compton, Where No Man Has

Gone Before, 52.

61 $25 billion: Wilford, “Moon Rocks Go to Houston; Studies to Begin
Today: Lunar Rocks and Soil Are Flown to Houston Lab.”

61 scientists were debating whether the massive craters: Corfield, “One
Giant Leap,” 50.

61 A lunar lander would be swallowed: Powell, “To a Rocky Moon,” 200.
62 the same alarms: Eyles, “Tales from the Lunar Module Guidance
Computer.”

62 about to set them down: Wagener, One Giant Leap, 182.

62 Armstrong’s pulse doubled: Portree, “The Eagle Has Crashed (1966).”
63 watched impatiently: King, Moon Trip: A Personal Account of the

Apollo Program and Its Science, 92.
63 $24 billion: Wilford, “Moon Rocks.”
63 police closed the road: Wilford, “Moon Rocks.”

63 “aradical group of hippies”: King, Moon Trip, 101.



64 exposing algae: West, “Moon Rocks Go to Experts on Friday.”

64 with gas masks: Weaver, “What the Moon Rocks Tell Us.”

65 “I mean, big deal”: Author interview with Bill Schopf, UCLA, July
2019.

65 as some scientists expected: Cooper, Apollo on the Moon, 96-99.

65 tunnels and two-thirds of a mile of wire: Marvin, “Gerald J.
Wasserburg,” 186.

65 the Lunatic Asylum: Hammond, A Passion to Know: 20 Profiles in

Science, 52-53.

66 to a Pasadena bar: Wolchover, “Geological Explorers Discover a
Passage to Earth’s Dark Age.”

66 “It must in any event”: Tera, Papanastassiou, and Wasserburg, “A Lunar
Cataclysm at ~3.95 AE and the Structure of the Lunar Crust,” 725.

67 a slight chance that Mercury: Laskar and Gastineau, “Existence of
Collisional Trajectories of Mercury, Mars and Venus with the Earth.”

68 7,000 degrees Fahrenheit: Interview of Peter Schultz of Brown

University in the 2005 documentary “The Violent Past” from Miracle
Planet.
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73 “If there is magic”: Eiseley, The Immense Journey, 15.

74 “How inappropriate”: Lovelock, “Hands Up for the Gaia Hypothesis,”
102.

74 more than a hundred species: LaCapra, “Bird, Plane, Bacteria?”

74 AR E 2K S S s K AS A AR Y B PR TE . iR
AR A INE — B e RE L SRR, KRARREEERWE .
Sender, Fuchs, and Milo, “Revised Estimates for the Number of Human and
Bacteria Cells in the Body,” 7.

74 about 75 percent: Krulwich, “Born Wet, Human Babies Are 75 Percent
Water: Then Comes the Drying.”

74 same as a banana: USDA FoodData Central website.

74 60 percent: Aitkenhead, Smith, and Rowbotham, Textbook of
Anaesthesia, 417.

75 eleven cups of water: Emsley, Nature's Building Blocks: An A-Z

Guide to the Elements, 228.



75 every 1.5 trillionth of a second: Hoffmann, Life's Ratchet: How
Molecular Machines Extract Order from Chaos, 116.
75 350 feet per second: Ashcroft, The Spark of Life: Electricity in

the Human Body, 56.
75 If you ever feel foggy: Adan, “Cognitive Performance and
Dehydration,” 73.

76 penned a book: Von Braun, Whipple, and Ley, Conquest of the

Moon.

76 “For a number of years”: DeVorkin, AIP oral history interview with
Fred Whipple.

76 better academic opportunities: Marsden, “Fred Lawrence Whipple
(1906-2004),” 1452.

76 It was undemanding enough: Whipple, “Of Comets and Meteors,” 728.
76 as deadly boring as any: Marvin, “Fred L. Whipple,” A199.

77  just weeks after: Marsden, “Fred Lawrence Whipple (1906-2004),”
1452.

77 “orbit computing business”: DeVorkin, AIP oral history interview with
Fred Whipple.

77  to check the accuracy: Hughes, “Fred L. Whipple 1906-2004,” 6.35.

77 bagged over thirty: Levy, David Levy's Guide to Observing and

Discovering Comets, 26.

77 orbited the Sun over a thousand times: DeVorkin, AIP oral history
interview with Fred Whipple.

78 a half hour to an hour: Whipple, “Of Comets and Meteors,” 728.

78 “what’s happening to comets!”: DeVorkin, AIP oral history interview
with Fred Whipple.

79 Whipple’s theory only survived: Calder, Giotto to the Comets, 38.
79 flying at 41,000 feet: Cowan, “Scientists Uncover First Direct Evidence
of Water in Halley’s Comet: New Way to Study Comets Will Help Yield
Clues to Solar System’s Origin.”

79 “Well Fred”: Levy, The Quest for Comets, 70.

79 “kamikaze mission”: Quoted in Markham, “European Spacecraft Grazes
Comet.”

79 over 40 miles a second: Calder, Giotto, 107.



80 62,000 miles away: Calder, Giotto, 110.
80 set the half-ton machine wobbling: Calder, Giotto, 112.

80 80 percent of the gas: Calder, Giotto, 130.
81 “The usual thing you get is”: Author interview with Dave Jewitt, UCLA,
January 2018.

82 “It can’t possibly be real”: Couper and Henbest, The History of

Astronomy, 196.

82 comets from the Kuiper Belt: Harder, “Water for the Rock,” 184.

85 Their simulations appeared to reveal: Morbidelli et al., “Source Regions
and Timescales for the Delivery of Water to the Earth.”

86 an immaculately clean desk: Righter et al., “Michael J. Drake (1946—
2011).”

86 dust surrounded by water vapor: Drake interview in the National
Geographic Channel documentary “Birth of the Oceans.”

87 perhaps several times as much: Jewitt and Young, “Oceans from the
Skies,” 39; and author conversation with David Rubie, Universitaet Bayreuth,
February 2021.

88 Rain poured down for thousands: Kunzig, Mapping the Deep: The

Extraordinary Story of Ocean Science, 17-18.

88 “Nothing is without controversy”: Author interview with John Valley,
University of Wisconsin—Madison, June 2018.

89 30 to 40 percent of all the gold: Hart, Gold, 12.

90 decided to ask Wilde: Valley, “A Cool Early Earth?” 63.

90 Others soon confirmed: At UCLA, Stephen Mojzsis, Mark Harrison, and
Robert Pidgeon made a similar finding at roughly the same time.
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92 “They are good company”: Wald, Nobel Banquet Speech, Nobel Prize
in Physiology or Medicine 1967.

93 “the world of the living”: Oparin, The Origin of Life. An English-
language translation by Ann Synge of Oparin’s original paper appears in the
appendix of Bernal, The Origin of Life, 206-7.

93 delighted in the fantastic variety: Mikhailov, Put’ k istinye, 9-10.

93 single “scientific” worldview: Lazcano, “Alexandr I. Oparin and the
Origin of Life,” 215.



94 Another 1 percent is ions: Cooper and Hausman, The Cell, 44.
94 70 percent amino acids: Woodard and White, “The Composition of
Body Tissues,” 1214.

95 “In living Nature”: Quoted in Hunter, Vital Forces, 56.
95 “Dead matter cannot become”: Kelvin, Popular Lectures and

Addresses: Geology and General Physics, 11:198.

95 “It is mere rubbish”: Quoted in Pereto, Bada, and Lazcano, “Charles
Darwin and the Origin of Life,” 396.

96 “Who knows,” Helmholtz argued, “whether”: Helmholtz, Science and

Culture: Popular and Philosophical Essays, 275.
96 in contrast to: Kursanov, “Sketches to a Portrait of A. I. Oparin,” 4.

96 “missing its very first chapter”: Schopf, Cradle of Life: The
Discovery of Earth’s Earliest Fossils, 112.

98 it was photosynthesizing algae: Schopf, Cradle of Life, 120-21.

98 “wild speculation”: Graham, Science, Philosophy, and Human
Behavior in the Soviet Union, 73.

99 neighboring vacation dachas: Schopf, Cradle of Life, 123.

99 “imprisoned in Siberia?”: Quoted in Graham, Science in Russia and
the Soviet Union, 276.

100 “All the scientists I know”: Quoted in Shindell, The Life and

Science of Harold C. Urey, 114.

100 someone should try testing: Miller, “The First Laboratory Synthesis of
Organic Compounds Under Primitive Earth Conditions,” 230.

100  “The first thing he tried”: Henahan, “From Primordial Soup to the
Prebiotic Beach: An Interview with the Exobiology Pioneer Dr. Stanley L.

Miller.”
101 “dungeon”: Davidson, Carl Sagan: A Life, 23.

101 Urey gave a tour: Sagan, Conversations with Carl Sagan, 30.
102  “It looks like fly shit”: Bada and Lazcano, “Biographical Memoirs:
Stanley L. Miller: 1930-2007,” 18.

102 “three feet off the floor”: Wade, “Stanley Miller, Who Examined
Origins of Life, Dies at 77.”

102 at least eight more: Wills and Bada, The Spark of Life: Darwin and



the Primeval Soup, 49.
103 just the kind that Oparin predicted: Mesler and Cleaves II, A Brief

History of Creation, 178.
103  “if I’d submitted it”: Henahan, “From Primordial Soup to the Prebiotic
Beach.”

103  “They didn’t take it seriously”: Sagan, Conversations with Carl

Sagan, 30.

103 Even Oparin did not believe: Lazcano and Bada, “Stanley L. Miller
(1930-2007),” 374.

104 even a high school student: Henahan, “From Primordial Soup to the
Prebiotic Beach.”

104 “If God did not”: Mesler and Cleaves II, A Brief History, 173.
104 “The road ahead is hard”: Oparin, The Origin of Life, 252.

104 not full of hydrogen, methane, and ammonia: Radetsky, “How Did
Life Start?” 78.

105 primarily nitrogen, carbon dioxide, and water vapor: Zahnle, Schaefer,
and Fegley, “Earth’s Earliest Atmospheres,” 2.

105 hundreds of thousands of enzymes: Author interview with Laura
Lindsey-Boltz, University of North Carolina, October 2021.

107 Townes had published: Townes, “Microwave and Radio-Frequency
Resonance Lines of Interest to Radio Astronomy.”

107 One graduate student: Townes, “The Discovery of Interstellar Water
Vapor and Ammonia at the Hat Creek Radio Observatory,” 82.

107 “When he came”: Author interview with Jack Welch, University of
California, Berkeley, June 2018.

108 “You know it’s not going to work”: Townes, How the Laser
Happened: Adventures of a Scientist, 65.

108 “I got the feeling”: Townes, “The Discovery,” 82.

110 when hydrogen cyanide combines: Patel et al., “Common Origins of
RNA, Protein and Lipid Precursors in a Cyanosulfidic Protometabolism.”
110 “We heard this ba-boom”: Interview in video, Jess and Kendrew,
“Murchison Meteorite Continues to Dazzle Scientists.”

110 punched through the metal roof: Meteoritical Society, “Murchison.”

110 methylated spirits: Deamer, First Life: Discovering the



Connections between Stars, Cells, and How Life Began, 53.

111 couldn’t rule contamination out: Sullivan, We Are Not Alone: The
Search for Intelligent Life on Other Worlds, 114.

111 New York City ragweed: Sullivan, We Are Not Alone, 123-24.
112  they found two more: Schopf, Major Events in the History of

Life, 17.

112 the very same ones: Miller, “The First Laboratory Synthesis of Organic
Compounds under Primitive Earth Conditions,” 240.

114 forty thousand tons: Brownlee, “Cosmic Dust: Building Blocks of
Planets Falling from the Sky,” 166.

114 ten to a thousand times the mass: Segre and Lancet, ““Theoretical and
Computational Approaches to the Study of the Origin of Life,” 94-95.

114 fragments might have recombined: Barras, “Formation of Life’s Building
Blocks Recreated in Lab.”
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116 “Life is a cosmic imperative”: de Duve, “The Beginnings of Life on
Earth,” 437.

117 failed his qualifying exams: Heap and Gregoriadis, “Alec Douglas
Bangham, 10 November 1921-9 March 2010,” 28.

117 “renege”: Bangham, “Surrogate Cells or Trojan Horses: The Discovery
of Liposomes,” 1081.

118 “Membranes came first”: Deamer, “From ‘Banghasomes’ to
Liposomes: A Memoir of Alec Bangham, 1921-2010,” 1309.

119 Their lives are “Greek tragedies”: Robert Singer quoted in Albert
Einstein College of Medicine press release, “Built-In ‘Self-Destruct Timer’
Causes Ultimate Death of Messenger RNA in Cells.”

119 once every million to billion years: Milo and Phillips, Cell Biology by
the Numbers, 215-16.
120 it was easy for him: Echols, Operators and Promoters: The Story

of Molecular Biology and Its Creators, 215.

121 “more and more desperate”: Gitschier, “Meeting a Fork in the Road:
An Interview with Tom Cech,” 0624.

121 “by desperation to the opposite hypothesis”: Cech interview in Howard

Hughes Medical Institute video, The Discovery of Ribozymes.



121 “I didn’t even know”: Quoted in Dick and Strick, The Living

Universe: NASA and the Development of Astrobiology, 128.
121 “never thought much about it”: Author interview with Thomas Cech,
University of Colorado Boulder, September 2021.

121 “Unknown to us”: Cech interview in HHMI video, The Discovery of
Ribozymes.

123 would support the theory of plate tectonics: Kaharl, Water Baby:
The Story of Alvin, 168-69.

123 tossed overboard after a shipboard feast: Crane, Sea Legs: Tales of
a Woman Oceanographer, 112-13.

124 “Debra, isn’t the deep ocean”: Kaharl, Water Baby, 173.

124 He was gazing at clams: Kaharl, Water Baby, 173.

125 Russian vodka they’d purchased: Ballard, The Eternal Darkness,
171.
125 “return to port”: Kusek, “Through the Porthole 30 Years Ago,” 141.

125 “We all started jumping up and down”: Kaharl, Water Baby, 175.
126 that lived at high temperatures: Wade, “Meet Luca, the Ancestor of All
Living Things.”

126 about a year later: Hazen, Genesis: The Scientific Quest for
Life's Origin, 98-99.

127 “head off”: Hazen, Genesis, 109.

127  “The vents would”: Miller and Bada, “Submarine Hot Springs and the
Origin of Life,” 610.

128 “Ideas fly around”: Author interview with Gunter Wachtershauser,
December 2018.

128 the supposedly essential: Wachtershauser, “The Origin of Life and Its
Methodological Challenge,” 488.

130 “The prebiotic broth theory”: Wachtershauser, “Before Enzymes and
Templates: Theory of Surface Metabolism,” 453.

130 “The vent hypothesis is a real loser”: Radetsky, “How Did Life Start?”
82.

130 “not relevant to the question”: Lucentini, “Darkness Before the Dawn
—of Biology,” 29.

130 “paper chemistry”: Bada interview in BBC Horizon documentary,



“Life Is Impossible.”

130 “As far as I’'m concerned”: Hagmann, “Between a Rock and a Hard
Place.”

130 “runaway enthusiasm”: Monroe, “2 Dispute Popular Theory on Life
Origin.”

131 When we spoke: Author interview with Mike Russell, December 2018.
131 origin of life much easier to envision: Lane, Life Ascending, 19-23.
132 ten million to one hundred million of them: Flamholz, Phillips, and
Milo, “The Quantified Cell,” 3498.

132 once provided the energy: Lane, The Vital Question: Why Is Life

the Way It Is? 117-19.

134 John Sutherland has found: Wade, “Making Sense of the Chemistry
That Led to Life on Earth.”

134 “We have got to be open”: Author interview with George Cody,
Carnegie Institution for Science, June 2018.

134  “if we need a location”: Author interview with Jay Melosh, Purdue
University, May 2018.

135 higher than 104 degrees: California Institute of Technology press
release, “Caltech Geologists Find New Evidence That Martian Meteorite
Could Have Harbored Life”; and Weiss et al., “A Low Temperature Transfer
of ALH84001 from Mars to Earth.”

135 the vacuum of space is not a deal breaker: Nicholson et al., “Resistance
of Bacillus Endospores to Extreme Terrestrial and Extraterrestrial
Environments.”

135 have survived a 553-day joyride: Amos, “Beer Microbes Live 553
Days Outside ISS.”

135 life certainly existed by 3.5 billion years ago: Knoll, A Brief History

of Earth: Four Billion Years in Eight Chapters, 81-83.

136 EA T+ WA HESEERIHE A R Kirschvink and Weiss, “Mars,
Panspermia, and the Origin of Life: Where Did It All Begin?” [, 7NME1 8
B ERGE SRR TS, R4 (Steve Benner) il = 14 224 IR
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141 “Food is simply sunlight”: Kellogg, The New Dietetics: What to



Eat and How, 29.

142  to bolster the fortunes of his father: Beale and Beale, Echoes of
Ingen Housz: The Long Lost Story of the Genius Who Rescued the
Habsburgs from Smallpox and Became the Father of
Photosynthesis, 29.

143  She was desperate to save: Van Klooster, “Jan Ingenhousz,” 353.

143 clergymen railed against the thought: Magiels, From Sunlight to
Insight, 87.

143  “I feared I should remain”: Quoted in Beale and Beale, Echoes, 322.
143 some London doctors did: Beaudreau and Finger, “Medical Electricity
and Madness in the 18th Century,” 338.

144 attempts by Swiss chemist Carl Scheele to replicate: Beale and Beale,

Echoes, 270-71.

145 “secret operations of plants”: Quoted in Beale and Beale, Echoes, 279.
146  “When two dogs fight for a bone”: Quoted in Beale and Beale,

Echoes, 323.
146  Nonetheless, Priestley promised: Magiels, “Dr. Jan IngenHousz, or
Why Don’t We Know Who Discovered Photosynthesis?” 14.

146 he found no acknowledgment: Magiels, From Sunlight, 109.

146 “a sultan who did not tolerate”: Quoted in Magiels, From Sunlight,
109.
146 “If you have realy publish’d this doctrine before me”: Quoted in

Magiels, From Sunlight, 238-39.

146 in the appendix: Gest, “A ‘Misplaced Chapter’ in the History of
Photosynthesis Research: The Second Publication (1796) on Plant Processes
by Dr. Jan Ingen-Housz, MD, Discoverer of Photosynthesis,” 65.

147 “seeking truth, and knowledge”: Debus, Chemistry and Medical

Debate: Van Helmont to Boerhaave, 33.

147  studied alchemy and magic: Hedesan, “The Influence of Louvain
Teaching on Jan Baptist Van Helmont’s Adoption of Paracelsianism and
Alchemy,” 240.

148 Nor did he endear himself: Rosenfeld, “The Last Alchemist—the First
Biochemist: J. B. van Helmont (1577-1644),” 1756.



148 “Put a pair of sweaty underwear”: Quoted in Cockell, The Equations
of Life: How Physics Shapes Evolution, 240.

148 “monstrous pamphlet”: Quoted in Pagel, Joan Baptista van
Helmont, 12.

148 soil had lost just 2 ounces: Pagel, Joan Baptista van Helmont, 53.
148 not from water: Ingenhousz, An Essay on the Food of Plants and
the Renovation of Soils, 2.

150 “Be a chemist and make millions”: Kamen, Radiant Science, Dark

Politics: A Memoir of the Nuclear Age, 21.
150 on his fourth version: Yarris, “Ernest Lawrence’s Cyclotron: Invention
for the Ages.”

151 coached by Jack Dempsey: Johnston, A Bridge Not Attacked:
Chemical Warfare Civilian Research During World War I1I, 90.

151 “outspoken, abrasive”: Kamen, “Onward into a Fabulous Half-
Century,” 139.

152 “During a recital of these troubles”: Kamen, Radiant Science, 84.
153 shouldn’t take more than a few months: Kamen, “A Cupful of Luck, a
Pinch of Sagacity,” 6.

153 proton-neutron pairs: Larson, interview with Martin Kamen, Pioneers
in Science and Technology Series, Center for Oak Ridge Oral History, 11.

153 “three mad men hopping about”: Kamen, Radiant Science, 86.

154 Robert Oppenheimer told him: Kamen, “Early History of Carbon-14,”
586. 155 began firing alpha particles: Kamen, “Early History,” 588.

157 50 percent of its mass is carbon, and 44 percent is oxygen: Petterson,
“The Chemical Composition of Wood,” 58.

157 About 83 percent: Russell and Williams, The Nutrition and Health
Dictionary, 137.

158 fell asleep at the wheel: Kamen, Radiant Science, 165.

158 perhaps he was too impatient: Benson, “Following the Path of Carbon
in Photosynthesis,” 35.

159 might leak atom bomb secrets: Larson, interview with Martin Kamen.
159 which were both trailing him: Kelly, “John Earl Haynes’s Interview.”

160 he chose to sit at the physicists’ table: Calvin, Following the Trail of



Light: A Scientific Odyssey, 51.

160 “Time to quit”: Hargittai and Hargittai, Candid Science V, 386.
160 unlimited artificial food: Alsop, “Political Impact Is Seen in New
Atomic Experiments.”

160 solve the world’s energy problem: Hargittai and Hargittai, Candid

Science V, 388.

161 Benson realized: Buchanan and Wong, “A Conversation with Andrew
Benson: Reflections on the Discovery of the Calvin—Benson Cycle,” 210.
161 “What’s new?”: Buchanan and Wong, “A Conversation,” 213.

161 “He would come tearing into the lab”: Moses and Moses, “Interview
with Rod Quayle,” 6.

162 “He could make interpretations”: Moses and Moses, “Interview with
Al Bassham,” 14.

162 jumped to his feet: Benson, “Following,” 809.

163 while Benson didn’t bother telling him: Sharkey, “Discovery of the
Canonical Calvin-Benson Cycle,” 242.

163 “Time to go”: Buchanan and Wong, “A Conversation,” 213.

164 with a kick of energy from another light beam: Research into the “light
reactions” has also been the subject of tremendous amount of research.
Govindjee, Shevela, and Bjorn, “Evolution of the Z-Scheme of
Photosynthesis.”

164 to simulate the process in a computer: Author interview with Stephen
Long, University of Illinois Urbana-Champaign, November 2021.

164 a hundred times more slowly: Falkowski, Life's Engines: How
Microbes Made Earth Habitable, 99.

164 “Rubisco is a silly enzyme”: Author interview with Govindjee,
University of Illinois Urbana-Champaign, May 2019.

165 700 million tons: Bar-On and Milo, “The Global Mass and Average
Rate of Rubisco,” 4738.

165 artificial photosynthetic device: Calvin, “Photosynthesis as a Resource
for Energy and Materials,” 277.

165 Researchers are still pursuing: Bourzac, “To Feed the World, Improve
Photosynthesis.”

165 “region of transformation of cosmic energy”: Vernadsky, The
Biosphere, 47.
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167 “Today photosynthesis runs our planet”: Author interview with Stjepko
Golubic, July 2019.

168 as extreme as a nuclear holocaust: Margulis and Sagan, Microcosmos:
Four Billion Years of Evolution from Our Microbial Ancestors, 109.
168 No one had found any evidence: The geologist John Dawson thought
he had found an older fossil called Eozoon, but his claim did not hold up.

Schopf, Cradle of Life: The Discovery of Earth’s Earliest Fossils,
19-21.

168 “driving frozen mist”: Walcott, “Pre-Carboniferous Strata in the Grand
Canyon of the Colorado, Arizona,” 438.

168 food to last three months: Walcott, “Report of Mr. Charles D. Walcott,
July 2,” 160.

168 “So much snow”: Schuchert, “Charles Doolittle Walcott, (1850-
1927),” 279.

169 “rocks-rocks-rocks”: Yochelson, Charles Doolittle Walcott,

Paleontologist, 145.
169 were forced to pile ice: Walcott, “Report of Mr. Charles D. Walcott,
July 2,7 47.

169 created by some kind of life: Walcott, Pre-Cambrian Fossiliferous
Formations, 234.

170 Other paleontologists also found unusual patterns: Schopf, Life in
Deep Time: Darwin’s "Missing” Fossil Record, 49.

170 one long-disputed fossil: Schopf, Cradle of Life, 19-21. The fossil
was called Eozoon.

170 As the paleobiologist William Schopf put it: Schopf, Cradle of Life,
31.

170 calcium-rich mud: Seward, Plant Life through the Ages: A
Geological and Botanical Retrospect, 87.
170 we could never expect creatures as small as bacteria: Seward, Plant

Life, 92.
170 many scientists used the term: Author interview with Stjepko Golubic,
July 2019.
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K, M2 PRSIt A $#515% . Hoffman, “Recent and
Ancient Algal Stromatolites,” 180-81.

171 The mats trapped sediments: Prothero, The Story of Life in 25
Fossils: Tales of Intrepid Fossil Hunters and the Wonders of
Evolution, 11.

172 They were microbial Bolsheviks: Falkowski, Life's Engines: How

Microbes Made Earth Habitable, 72.

172  desk and chair on four-inch risers: Author interview with William
Schopf, UCLA, July 2019.

172 bantam-weight boxing champion: Crowell, “Preston Cloud,” 45.

173 They kept it a secret: Author interview with William Schopf, UCLA,
July 2019.

174 “Many kinds of microbes were immediately wiped out”: Margulis and
Sagan, Microcosmos, 108.

177 Budyko had even created a model: Walker, Snowball Earth: The
Story of the Great Global Catastrophe That Spawned Life as We
Know It, 113.

179 could have possibly formed: Walker, Snowball Earth, 122-28.
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181 quick-tempered: The Telegraph, “Lynn Margulis.”

181 “Lynn was good as a needler”: Author interview with Fred Spiegel,
University of Arkansas, March 2019.

182 “She liked to start trouble”: Dorion Sagan interview in Symbiotic

Earth.
182 without bothering to tell her parents: Margulis, “Mixing It Up,” 103—4.
182 “big shot”: Quoted in Goldscheider, “Evolution Revolution,” 46.

182 statement by one of her professors: Quammen, The Tangled Tree: A



Radical New History of Life, 120.

182 Despite her thesis advisor’s skepticism: Quammen, The Tangled
Tree, 120.

182 like looking for Father Christmas: Poundstone, Carl Sagan: A Life in
the Cosmos, 63.

183 as Margulis sat reading: Otis, Rethinking Thought: Inside the
Minds of Creative Scientists and Artists, 36.

183 hit her like lightning: Otis, Rethinking Thought, 19.

183 “never changed a diaper in his life”: Quoted in Davidson, Carl/ Sagan:
A Life, 112.

184 “atorture chamber”: Quoted in Poundstone, Carl Sagan: A Life in
the Cosmos, 47.

184 two scientists in Sweden: Sagan, Lynn Margulis: The Life and
Legacy of a Scientific Rebel, 59.

185 “Your research is crap”: The Telegraph, “Lynn Margulis.”

185 “it avoids the difficult thought”: Sapp, Evolution by Association,
185.

186 “the greatest chemical inventors”: Margulis and Sagan, What Is

Life? 52.

187 “It may come as a blow”: Quoted in Goldscheider, “Evolution
Revolution,” 44.

187 “As her career progressed”: Author interview with John Archibald,
Dalhousie University, March 2019.

187 by 1.7 billion years ago, if not earlier: Knoll, A Brief History of

Earth: Four Billion Years in Eight Chapters, 108-11.

188 may have had three thousand of them: Author interview with Nick
Lane, University College London, September 2019.
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188 about a quadrillion: Lane, “Why Is Life the Way It Is?” 23.

188 It will look like microorganisms: Lane, “Why Is Life the Way It Is?”
27; and Catling et al., “Why O2 Is Required by Complex Life on Habitable



Planets and the Concept of Planetary ‘Oxygenation Time.” ”

188 by about 1.25 billion years ago: Gibson et al., “Precise Age of
Bangiomorpha pubescens Dates the Origin of Eukaryotic Photosynthesis.”
The oldest fossils found so far date to 1.047 billion years, but molecular clock
evidence suggests that their ancestors appeared at least 1.25 billion years ago.
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189 less than 1 percent oxygen: Falkowski, Life's Engines, 130.

190 until 800 million years ago: Reinhard et al., “Evolution of the Global
Phosphorus Cycle,” 386.

192 30 percent of our protein is collagen: Milo and Phillips, Cell Biology
by the Numbers, 111.

193 to a staggering 30 to 35 percent: Falkowski, Life's Engines, 141.
193 thirty-six thousand gallons: Kahn, “How Much Oxygen Does a Person
Consume in a Day?”
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195 “Shall I not have intelligence”: Thoreau, Walden, 130.

195 from fiercely defending: Zimmermann, “Nachrufe: Simon
Schwendener,” 59.

196 a tenth of 1 percent: Bar-On, Phillips, and Milo, “The Biomass
Distribution on Earth.”

196 kept him from marrying: Honegger, “Simon Schwendener (1829-
1919) and the Dual Hypothesis of Lichens,” 312.

196 “master is a fungus”: Plitt, “A Short History of Lichenology,” 89.
197 “Destructiveness is a character of fungi”: Ralfs, “The Lichens of West
Cornwall,” 211.

197 “an assertion either of pure fantasy”: Plitt, “A Short History,” 82.
197 “Romance of Lichenology”: James Crombie, quoted in Smith,

Lichens, xxv.
197 “met with the ridicule it deserved”: Step, Plant-Life, 149.

197 still dismissed Schwendener’s claim: Schmidt, “Essai d’une biologie de
I’holophyte des Lichens,” 7.

199 preventing the ends of the roots: Ryan, Darwin’s Blind Spot, 22.
199 on trees both young and old: Frank, “On the Nutritional Dependence of



Certain Trees on Root Symbiosis with Belowground Fungi (an English
Translation of A. B. Frank’s Classic Paper of 1885),” 271.

199 Frank coined the word: A year after Frank coined symbiotismus, the

botanist Anton de Bary introduced the term symbiosis, meaning “the living
together of unlike organisms.”

199 “wet nurse”: Frank, “On the Nutritional Dependence,” 274.

199 “calculated to try our patience”: Ryan, Darwin’s Blind Spot, 49.
199 structures that look just like mycorrhizal fungi: Beerling, Making

Eden, 125-26.

200 “revolutionary announcement”: “Hermann Hellriegel,” 11.

200 “Their children suffered”: Aulie, “Boussingault and the Nitrogen
Cycle,” doctoral thesis, 39.

201 “we passed from class to class”: Mccosh, Boussingau/t, 4,

202 In one impressive trial: Aulie, “Boussingault and the Nitrogen Cycle,
448.

202 increased its nitrogen content by a third: Aulie, “Boussingault and the
Nitrogen Cycle,” 447.

203 if something in the soil was helping plants: Nutman, “Centenary
Lecture,” 72.

203 Cries of “bravo!”: Finlay, “Science, Promotion, and Scandal,” 209.
203 “highly gifted”: MacFarlane, “The Transmutation of Nitrogen,” 49.
204 almost 50 percent smaller: Erisman et al., “How a Century of
Ammonia Synthesis Changed the World,” 637.

205 Lignin is the second most abundant: Walker, Plants: A Very Short

Introduction, 30.

205 fourteen billion of them: Datta et al., “Root Hairs,” 1.

205 “They suck up all the nutrients”: Author interview with Simon Gilroy,
University of Wisconsin—Madison, November 2021.

206 more than 1,150 prairie plants: Tobey, Saving the Prairies: The
Life Cycle of the Founding School of American Plant Ecology,
1895-1955, 192-93.

206 burrowed thirty-one feet down: Wilson, Roots: Miracles Below, 84.
207 “Why do plants make cocaine?”: Author interview with Tony
Trewavas, University of Edinburgh, September 2019.

»



207 at least 100,000 genes: Wade, “Number of Human Genes Is Put at
140,000, a Significant Gain.”

207  About a third of your genes: Author interview with the scientist who
made this finding: Lawrence Brody, National Institutes of Health, September
2021.

209  “Well, we could actually”: Author interview with Jack Schultz,
University of Toledo, September 2019.

210 “It seemed too woo-woo”: Author interview with Elizabeth Van
Volkenburgh, University of Washington, September 2019.

213 “What long-term scientific benefits”: Alpi et al., “Plant Neurobiology:
No Brain, No Gain?” 136.

214 plants have over fifteen senses: Mancuso and Viola, Brilliant Green:

The Surprising History and Science of Plant Intelligence, 77.
214 They detect neighboring plants with photoreceptors: Trewavas,
“Mindless Mastery,” 841.

214 “If you grow plants”: Author interview with Janet Braam, Rice
University, September 2019.

215 can end up high in a neighboring spruce: Yong, “Trees Have Their
Own Internet.”

215 which should receive: Trewavas, “The Foundations of Plant
Intelligence,” 11.

215 “explosive growth”: Trewavas, “Mindless Mastery,” 841.

216 “purpose driven”: Trewavas and Baluska, “The Ubiquity of
Consciousness,” 1225.

216  “we should be aware”: Baluska and Mancuso, “Deep Evolutionary
Origins of Neurobiology,” 63.

217  Simply covering our skin with chloroplasts: Milo and Phillips, Cell
Biology by the Numbers, 169.
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221 “Imagine all the food”: Tegmark, “Solid. Liquid. Consciousness.”

221 “fiery and impetuous”: Thorpe, Essays in Historical Chemistry,
316.

222 “built up new kingdoms”: Hofmann, The Life-Work of Liebig, 17.
222 schafskopf: Brock, Justus Von Liebig: The Chemical Gate-



keeper, 6.
223 Gay-Lussac insisted that they dance: Brock, Justus Von Liebig, 32.

223  “provincial backwater”: Brock, Justus Von Liebig, 38.

223 “rules useful for making soda and soap”: Turner, “Justus Liebig versus
Prussian Chemistry,” 131.

223 “The consciousness dawned on me”: Liebig, “Justus Von Liebig: An
Autobiographical Sketch,” 661.

223 fume hoods: Morris, The Matter Factory: A History of the
Chemistry Laboratory, 93.
224  “Storming and raging”: Mulder, Liebig’s Question to Mulder

Tested by Morality and Science, 6.
224 “has arisen out of a complete ignorance”: Phillips, “Liebig and Kolbe,
Critical Editors,” 91.

225 “In living Nature”: Hunter, Vital Forces, 56.

225 “the principles of chemistry and vitality”: Klickstein, “Charles
Caldwell and the Controversy in America over Liebig’s ‘Animal Chemistry,’
” 141.

226 feces of boa constrictors: Brucer, “Nuclear Medicine Begins with a
Boa Constrictor,” 280.
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226  God would not have put them there: Carpenter, Protein and Energy:
A Study of Changing Ideas in Nutrition, 59.

226 “Vegetables produce in their organism”: Liebig, Animal Chemistry:
Or Organic Chemistry in Its Application to Physiology and
Pathology, 48.

226 failed to find carbohydrates or fats: Carpenter, Protein and Energy,
48.

227 “According to Liebig”: Thoreau, Walden, 11.

227 they needed to drink beer: Bissonnette, It's All about Nutrition, 45.
227 “experienced the highest admiration”: Liebig, Animal Chemistry, vi.
227 “filled me with admiration”: Bence-Jones, Henry Bence-Jones,
M.D., F.R.S. 1813-1873: Autobiography with Elucidations at Later



Dates, 16.

227  “living scientific pioneer”: Morris, The Matter Factory, 30.
228 it occurred to the Swiss scientists: Carpenter, Harper, and Olson,
“Experiments That Changed Nutritional Thinking,” 1120S-11218S.
228 faithfully collected their urine: Carpenter, Harper, and Olson,
“Experiments,” 1021.

228 that turned out to be equally damaging: Carpenter, Protein and

Energy, 71-72.

229  with convoluted arguments: Carpenter, “A Short History of Nutritional
Science: Part 1 (1785-1885),” 642.

230 “the most perfect substitute”: Apple, “Science Gendered: Nutrition in
the United States 1840-1940,” 133.

230 babies raised solely on his formula did not thrive: Carpenter, Protein
and Energy, 74.

230 scurvy killed about two million sailors: Carpenter, The History of
Scurvy and Vitamin C, 253.

231 he needed thirty-two wagons: Bown, Scurvy: How a Surgeon, a
Mariner, and a Gentlemen Solved the Greatest Medical Mystery of
the Age of Sail, 68.

231 about 400 of his 1,900 men: Frankenburg, Vitamin Discoveries and
Disasters, 72.

231 captains made mad dashes from port to port: Bown, Scurvy, 75.

231 recommended lemon juice daily: Roddis, James Lind, Founder of
Nautical Medicine, 55.

232 Over time, unfortunately, the knowledge: Bown, Scurvy, 74.

232 there were even “anti-fruiters”: Harvie, Limeys, 56.

232 Lind had seen relatively little scurvy: Lind, A Treatise on the
Scurvy, in Three Parts: Containing an Inquiry into the Nature,
Causes, and Cure of That Disease, Together with a Critical and
Chronological View of What Has Been Published on the Subject, 72.
232 “They had been afflicted by scurvy”: Lind, A Treatise, 62-63.

232 only sluggish and lazy sailors succumbed: Gratzer, Terrors of the



Table, 17.
232 it simply seemed more expedient: Harvie, Limeys, 18.

234  “If there was ever a researcher”: Frankenburg, Vitamin, 78.
234 “Dr. Lind reckons the want”: Meiklejohn, “The Curious Obscurity of
Dr. James Lind,” 307.

234 Another 133,708 expired: Bown, Scurvy, 26.

235 afflicted 7 percent: Braddon, The Cause and Prevention of Beri-
Beri, 248.

236 at the elegant Cafe Bauer: Beek, Dutch Pioneers of Science, 138.
236 “legs and feet perfectly numbed”: Carpenter, Beriberi, White Rice,

and Vitamin B: A Disease, a Cause, and a Cure, 27.

236 tantamount to a death sentence: Eijkman, “Christiaan Eijkman Nobel
Lecture, 1929.”

237  the physicians recommended sterilizing: Carpenter, Beriberi, 35.
237 10 miles an hour: “Tracing the Lost Railway Lines of Indonesia.”

237 seemed more appetizing: Carpenter, Beriberi, 41.

237 they were cheaper to keep: Carpenter, Beriberi, 198.

238 “his successor refused to allow”: Eijkman, “Christiaan Eijkman Nobel
Lecture, 1929.”

238 “chance favors only”: Houston, A Treasury of the World's Great
Speeches, 470.
238 a flurry of experiments: Carpenter, Beriberi, 40-41.

239 when bacteria in our stomachs feed on white rice: Carpenter, Beriberi,
45.

239 “as eating fish had to do with leprosy”: Vedder, Beriberi, 160.

239 prompted a British physician: Gratzer, Terrors of the Table, 141-
42.

240 “So much careful scientific work”: Hopkins, Newer Aspects of the
Nutrition Problem, 15.

240 Working alone at “full blast”: Maltz, “Casimer Funk, Nonconformist
Nomenclature, and Networks Surrounding the Discovery of Vitamins,” 1016.

241  still questioned the validity of his “cure”: Maltz, “Casimer Funk,”
1016.



242 “avitamin is a substance”: Quoted in Gratzer, Terrors of the Table,
162.

243  “Scientists Find Indication”: New York Times, “Scientists Find
Indication of a Vitamin Which Prevents Softening of the Brain.”

243 and prevent cancer: St. Louis Post-Dispatch, “Is Vitamine
Starvation the True Cause of Cancer?”

243 vitamin-deficient troops: Price, Vitamania: How Vitamins
Revolutionized the Way We Think about Food, 75-78.

243  “You’re in the Army, too!”: Quoted in Bobrow-Strain, White Bread:
A Social History of the Store-Bought Loaf, 119.

244  “Vitamins are another name”: BBC radio, “Enzymes,” In Qur Time.
244  around 60 million years ago: Zimmer, “Vitamins’ Old, Old Edge.”
245 Harold White suspects: Zimmer, “Vitamins’ Old, Old Edge.”

246 nylon, acetone, formaldehyde, and coal tar: Price, Vitamania, 17.
247  “the most expensive urine”; Author interview with Gerald Combs Jr.,
Tufts University November 2019.

247 Beginning in the 1930s: Carpenter, “A Short History of Nutritional
Science: Part 3 (1912-1944),” 3030.

248 arsenic: Collins, Molecular, Genetic, and Nutritional Aspects of

Major and Trace Minerals, 528.
248 “Anything that’s in the soil”: Author interview with James F. Collins,
University of Florida, February 2020.

249 mineral and vitamin deficiencies: Lieberman, The Story of the

Human Body: Evolution, Health, and Disease, 191.
249 a handful from bacteria: Some bacteria in our guts make vitamins for
us, including B vitamins and vitamin K.
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250 “Exploratory research”: Horgan, “Francis H. C. Crick: The
Mephistopheles of Neurobiology,” 33.

251 thirty-some years after: Miescher came close to making this prediction
in 1892.

251 among the simplest cells of all: Dahm, “Discovering DNA,” 576.

251 “cloudy, thick, slimy mass”: Olby, “Cell Chemistry in Miescher’s



Day,” 379.

251 something never done before: Dahm, “The First Discovery of DNA,”
321.

252  On his wedding day: Meuron-Landolt, “Johannes Friedrich Miescher:
sa personnalite et I’importance de son oeuvre,” 20.

253 “If one ... wants to assume”: Dahm, “Friedrich Miescher and the
Discovery of DNA,” 282.

253 in a remarkable letter to his uncle: Lamm, Harman, and Veigl, “Before
Watson and Crick in 1953 Came Friedrich Miescher in 1869,” 294-95.

253 Overwork weakened his immune system: Dahm, “The First,” 327.
253 it was nuclein, not protein: Mirsky, “The Discovery of DNA,” 86—88.
255 Kkilled fifty thousand Americans: Perutz, “Co-Chairman’s Remarks:
Before the Double Helix,” 10.

255 would sit for days mulling: MacLeod, “Obituary Notice, Oswald
Theodore Avery, 1877-1955,” 544.

255 “focused inwardly as if unconcerned”: Dubos, “Oswald Theodore
Avery, 1877-1955,” 35.

256  would not let his associates: Williams, Unravelling the Double

Helix: The Lost Heroes of DNA, 148-49.
256 while Avery was away on vacation: Dubos, “Rene Dubos’s Memories
of Working in Oswald Avery’s Laboratory.”

256 Dr. Jekylls into Mr. Hydes: Dubos, The Professor, the Institute,
and DNA, 116.
256 something from the deceased lethal bacteria: McCarty, The

Transforming Principle: Discovering That Genes Are Made of DNA,
92.

256 just over a hundred pounds: McCarty, The Transforming Principle,
87.
256 “headaches and heartbreaks”: In a letter to his brother Roy: Dubos,

The Professor, 217.

256 “Disappointment is my daily bread”: Dubos, The Professor, 139.
257 treated the extract with enzymes: Letter from Avery to his brother, in

Dubos, The Professor, 219.
257  skepticism and sarcasm: Dubos, The Professor, 106.



257 “What else do you want, Fess?”: McCarty, The Transforming
Principle, 163.

258 “has long been the dream of geneticists”: Dubos, The Professor,
245.

258 just a tenth of a percent of protein: McCarty, The Transforming
Principle, 173.

258 “some goddamn other macromolecule”: Judson, The Eighth Day of
Creation: Makers of the Revolution in Biology, 60.

258 “I saw before me”: Chargaff, Heraclitean Fire: Sketches from a
Life Before Nature, 83.

259 in an ox’s DNA, the ratios of the bases: Williams, Unravelling, 246.
261 he wrote to request: Wilkins, Maurice Wilkins: The Third Man of
the Double Helix: An Autobiography, 143-50.

261 It was at this very same time: Wilkins, Maurice Wilkins, 129.

262 she knew much more about the tricky techniques: Maddox, Rosalind
Franklin: The Dark Lady of DNA, 144-45.

262 Why did he keep trying to move in on her turf?: Maddox, Rosalind

Franklin, 153-55.
262  “She was quite sharp and quick and decisive”: Cold Spring Harbor
Laboratory, “Aaron Klug on Rosalind Franklin.”

263 “A certain youthful arrogance”: Crick, What Mad Pursuit, 64.

265 she saw no point: Maddox, Rosalind Franklin, 161.
265 “like a spy”: Watson interview in PBS documentary, Babcock and

Eriksson, DNA: The Secret of Life.

9,

266 “‘until the cows come home’ ”: Quoted in Watson, Gann, and

Witkowski, The Annotated and Illustrated Double Helix, 91.

268 “in male-chauvinist fashion”: Author interview with Don Caspar, May
2020.

268 “I was the only person in the world”: Web of Stories interview with
Watson, “Complementarity and My Place in History.”

269  a sixty-two-hour exposure: Williams, Unravelling, 327.
270 she had asked Gosling: Wilkins, Maurice Wilkins, 198.



270  the density of the X-ray image suggested: Watson and Berry, DNA:
The Secret of Life, 51.
271 he had seen a similar measurement: Olby, The Path to the Double

Helix, 403.

272 “it was almost impossible”: Web of Stories interview with Crick,
“Molecular Biology in the Late 1940s.”

272  although Crick didn’t boast about it publicly: Markel, The Secret of
Life, 12.

272 “It seemed that nonliving atoms”: Wilkins, Maurice Wilkins, 212.
273 “We all stand on each other’s shoulders”: “Due Credit,” 270.

273 must be in some way “interchangeable”: Maddox, Rosalind Franklin,
202.

274  “It’s so beautiful, you see”: Crick, What Mad Pursuit, 79.

274  “Can you patent it?”: Watson and Berry, DNA, 58.

275 in a “confused phase”: Crick, “Biochemical Activities of Nucleic
Acids: The Present Position of the Coding Problem,” 35.

279 Most degrade after a few hours or days: Milo and Phillips, Cell
Biology by the Numbers, 248.

279 WFAEE RO HARE B R R RS> (Cell
Biology by the Numbers) , —(HANINZIA F (S EE I, EEEE
FIAF /MR S 2 b/ N M E R e R R 2,
RO LT

279 x| FEEEL AT IR BRRC faTiRe B A - i) Bk PR 2Rz i ik e 41
SRR YISEL & N FE NI TN & $ o i A A SN 7 G2 RN 10 £ e SN | e
VU FEEHIA

13 JTEZA: BFHRNEHEAM

281 “Man, like other organisms”: Claude, “The Coming of Age of the
Cell,” 434.

281 thirty trillion units, or cells: Sender, Fuchs, and Milo, “Revised
Estimates for the Number of Human and Bacteria Cells in the Body,” 9.
282 he was seized by the desire: Brachet, “Notice sur Albert Claude,” 95.

282 Risking his life: Gompel, Le destin extraordinaire d'Albert
Claude (1898-1983), 26.



282 despite fearing his classes would all be taught in Latin: de Duve and
Palade, “Obituary: Albert Claude, 1899-1983,” 588.

282  “blurred boundary which concealed”: Claude, “The Coming,” 433.
283 as mockingly distant as stars: Claude, “The Coming,” 433.

283  “biochemical bog”: Moberg, Entering an Unseen World: A
Founding Laboratory and Origins of Modern Cell Biology, 1910~
1974, 137.

283 leave the premises as soon as possible: Brachet, “Notice,” 100.

284 like a solitary wild boar: Brachet, “Notice,” 118.

284 wanted to replace him with an actual chemist: Moberg, Entering, 23.
284 about 17,000 g: Claude, “Fractionation of Chicken Tumor Extracts by
High Speed Centrifugation,” 743.

284 with a mortar and pestle: de Duve and Beaufay, “A Short History of
Tissue Fractionation,” 24.

284  he determined that it contained RNA: de Duve and Palade, “Obituary,”
588.

285 take a hammer to cells: Interview with Albert Claude, Rockefeller
Institute Archive Center, RAC FA1444 (Box 1, Folder 5).

285 “When he started tearing cells apart”: Moberg, Enter'ing, 38.

285 “cellular mayonnaise”: Rheinberger, “Claude, Albert,” 146.

285 Some colleagues saw it as a betrayal: Brachet, “Notice,” 108.

285 “accident of technical progress”: Claude, “Albert Claude, 1948,” 121.
286 master in taking advantage of them: Rheinberger, “Claude, Albert,”
146.

286 chemical factories: Moberg, Entering, 76.
286 “would serve no useful purpose”: Hawkes, “Ernst Ruska,” 84.

287 it had killed one of his close friends: Moberg, Entering, 55.

287  “It was wonderful”: Moberg, Entering, 60.

288 His genius was apparently less in using his techniques: Palade, “Albert
Claude and the Beginnings of Biological Electron Microscopy,” 15-17.

289 “Many of his friends remember Mitchell”: Prebble and Weber,
Wandering in the Gardens of the Mind, 15.

289 the “power plants”: Claude, “The Coming,” 434.

290 ten to one hundred million ATPs: Flamholz, Phillips, and Milo, “The
Quantified Cell,” 3499.



290 Big labs and big scientists competed: Gilbert and Mulkay, Opening

Pandora’s Box, 26. This entire book examines how scientists discussed and
reacted to Mitchell’s theory.

290 became a burning issue: Harold, To Make the World Intelligible,
121.

290 “only shadows of moving parts”: Racker, “Reconstitution, Mechanism
of Action and Control of Ion Pumps,” 787.

290 “anyone who was not thoroughly confused”: Racker, “Reconstitution,’
787.

291 Heraclitus: Prebble, “The Philosophical Origins of Mitchell’s
Chemiosmotic Concepts,” 443.

291 He had no experimental evidence: Prebble, “Peter Mitchell and the Ox
Phos Wars,” 209.

291 “I remember thinking to myself”: Orgel, “Are You Serious, Dr.
Mitchell?” 17.

291 “These formulations sounded like”: Racker, “Reconstitution,” 787.

292 He presented his theory in obscure terms: Harold, To Make the
World Intelligible, 49.

292 Revenue from his prize dairy cows: Lane, Power, Sex, Suicide, 102.
292 “went into one of my ears”: Govindjee and Krogmann, “A List of
Personal Perspectives with Selected Quotations, along with Lists of Tributes,
Historical Notes, Nobel and Kettering Awards Related to Photosynthesis,”
16.

292 hopped on one foot in anger: Prebble, “Peter Mitchell and the Ox Phos
Wars,” 210.

292 Mitchell marked the locations: Saier, “Peter Mitchell and the Life
Force,” chapter 8, page 10 of 14.

292 almost 100 million volts per foot: Lane, The Vital Question: Why
Is Life the Way It Is? 73.

293  three hundred times a second: Milo and Phillips, Cell Biology by the
Numbers, 357.

293 describes it as: Walker, Fuel of Life.

293 for his “bioimagination”: Roskoski, “Wandering in the Gardens of the
Mind,” 64-65.

293 Mitchell used the prize money: Saier, “Peter Mitchell and the Life

b



Force,” chapter 9, page 2 of 8.

294 Mike Russell and William Martin believe: Lane, Life Ascending, 32—
33.

294 athousand to ten thousand mitochondria: Milo and Phillips, Cell
Biology, 34.

294 35 percent of a heart muscle cell’s volume: Hom and Sheu,
“Morphological Dynamics of Mitochondria: A Special Emphasis on Cardiac
Muscle Cells,” 7.

294  tens of thousands of times more energy: Author interview with Nick
Lane, University College London, December 2021.

294  two-thirds of a pint of oxygen: Flamholz, Phillips, and Milo, “The
Quantified Cell,” 3499.

295 about a third of your energy: Hoffmann, Life's Ratchet: How
Molecular Machines Extract Order from Chaos, 212.

295 more than a million sodium ions a second: Ashcroft, The Spark of

Life: Electricity in the Human Body, 42.

296 a million sodium-potassium pumps: Stevens, “The Neuron,” 57.

296 350 feet a second: Ashcroft, The Spark of Life, 56.
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296 hunter-gatherers got their salt from meat: Lieberman, The Story of
the Human Body: Evolution, Health, and Disease, 283.

298 a molecular storm: Hoffmann, Life's Ratchet, 72.

298 two million times a second: E-mail to author from Kim Sharp,
University of Pennsylvania.

298 collides with every protein: Milo and Phillips, Cell Biology, 220.
298 four billionths of an inch: E-mail from Kim Sharp, University of
Pennsylvania.

298 20 miles per hour: Bray, Cell Movements, 4.

299 once every ten thousand times: Lane, The Vital, 12.
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299 “Bored with yourself?”: Atlanta Constitution, “Each of Us Is
Charged with Busy Little Atoms.”

299 Aebersold proudly told: “Paul C. Aebersold Interview,” Longines
Chronoscope.

300 98 percent of all our atoms every year: Stager, Your Atomic Self,
213.

300 AR mOCEBLERAERRN . AT (Kirsty Spalding) 7]
B, HEA (Jonas Frisén) , R Wade, “Your Body Is Younger Than
You Think.” %5 K Milo and Phillips, Cell Biology by the Numbers, 279. 34t
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300 330 billion cells a day: Sender and Milo, “The Distribution of Cellular
Turnover in the Human Body,” 45.

300 replaced every two to four days: Milo and Phillips, Cell Biology, 279.

300 replaced every 120 days: Milo and Phillips, Cell Biology, 279.

300 three and a half million new red blood cells every second: Sender and
Milo, “The Distribution,” 45.

300 once every ten years: Milo and Phillips, Cell Biology, 279.

301 eighty-six billion neurons: Herculano-Houzel, “The Human Brain in
Numbers,” 7.

302 #HZ NHUSFL LR E SO 52 1
TEEEIE, BT TR E %, Wade, “Heart Muscle Renewed over
Lifetime, Study Finds.”

302 “I doubt we will ever find a way of living much beyond 120”: Lane,
The Vital, 278.

303 HFFbE HEUE 2R HEATP: R Milo and Phillips, Cell Biology, 201.
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ATP,

303 a parking lot with a foot or less: Hoffmann, Life's Ratchet, 107.
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305 “Science, truly understood”: Donnan, “The Mystery of Life,” 514.
306 RAEHARMERN—HRFE: ANSHRREELO S =1k, &
Sender, Fuchs, and Milo, “Revised Estimates for the Number of Human and

Bacteria Cells in the Body.” $R{i] R {5 £ BB —TEREIU TR
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307 In Gell-Mann’s wide rearview mirror: Horgan, “From My Archives:
Quark Inventor Murray Gell-Mann Doubts Science Will Discover

‘Something Else.” ”
310 “We are a way for the cosmos to know itself”: Carl Sagan in the

television series Cosmos.
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