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ABSTRACT

MISS YAOWALAK MONKEAW : TRANSLATION OF SCIENTIFIC NON-FICTION BOOK
“THE DEMON IN THE FREEZER” BY RICHARD PRESTON
ADVISOR : ASSOC. PROF. SORAJ HONGLADAROM, Ph.D, 163 pages

This special research aims to present an English-Thai translation of vocabularies in a
scientific non-fiction book, “The Demon in the Freezer” by Richard Preston for 36 pages so that
audiences with biology-related background can understand the translated text with approximately
the same meaning as the source one.

The research is based on these following theories, methods, and principles of translation
procedures: Discourse Analysis proposed by Christiane Nord, interpretive approach by Jean
Delilse, the studies of Jody Byrne’s work in scientific and technical translation explained as well as
the knowledge in biological sciences and Genetic Engineering technology.

The research found that in order to translate scientific non-fiction book well and accurately,
as well as maintaining the equivalence to the source text, it is necessary for translators to employ
several procedures and methods, as well as using background knowledge. Moreover, it is found
out that discourse analysis and translation approaches applied in this special research are useful in

translating scientific non-fiction texts with quality.

Field of Study : Translation Student’s Signature

Academic Year : 2015 Advosor's Signature
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JuilaazldasAnanufinendusaunsuaiiu lidiaziilussdpnuiinunietudivisaasdnauinisann

kT

1
a

ANTANEHUNNANARAIN NN TE TN Ul LA AN NN N LY A 9B F1RLTU

2.2 NNI0NYNaAAINNUNNNY (Reverbalization of concepts)
dll % U tﬂl v a (% £ o v U a a A v ] -dl
WaguladihlapauvinenuiaseressaunsuaiuLa gulaaziiaanuanlunisiaenassiesAnivg
W lunsdeunnesuaiuwlatuinud luduneuiiduilaasldasdnonsine Inaanizaang

ANAIN170 luns N Uanennelsatinafind (Jean Delilse, 1988 : 60-66)

3. N153LASIZIIRSAdaL (Verification)
@ A A o aAa X ¥ = ¥ LY A
\Wudupaunisnagativatiugud1uLlaniiniuludunauaaan saigunn s 1l s
£ b v = A | %’/ dl :// v d’j v o v
pugniasAsuiauLdavzali Daflunisudanisnass Tnaunulaarnnszuoudugavinaiiazdesin1i
Yo Yo v a 1 o = v o 1 o % o dl =S = 1
genulafuessnsauazmnudineuwiniuvzalndipssiunisdudaumsualiuiinige aswzdadneu

4 ¥

wl ATURNANINALIN941N 1508 (Jean Delilse, 1988 : 66-67)

q a



3UN 2. wmupiingzuaumsmlawuuiaouseaes welia (Delisle, 1988 : 69)

Comprehension

Source text

v

Original Utterance

.

Decoding of Linguistic Signs

(Languange as Reference Point)

Comprehension of Meaning
(Reality of reference Point)

Reformulation

Verification

PSRN o P P e A, = ¥
NONVERBAL STAGE ;
(Concept Turned Over /
Mon-Lnguistic Cerebral mechanisms) |

- i . i s e s SN s i )

Reverbalization of Concepts

l

Tentative Solutions J

o

Verification

Selection of a Solution

!

Re-expression of utterance

|

Target Text

First
Interpratation

Reascning by
Analogy

Second

Interpretation

15
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2.2.2 nsmnuansaulunisiikuInianshlanuufnNaaInad tnaaabilldluanuias

= A o gvy = o ~ A
LUININNITLU AL LFIANADI D L@‘ﬂ@@‘ﬂ’ﬂﬁfiaLLﬂ@@’]N’]?ﬂmﬂqumQUVILW@MqﬂQWNMN’]E‘W

a

wiasangdeanssiaanisaald nlimAadnlapoumunaressaunategnaesdaan dinduilsziau

o—

o

N nﬁﬂiqﬂ”;:JLLﬂammaimmﬂmLLﬂ@slummﬂmamqLW@mﬂm@mmﬁwmmmmmﬂ@immq
ATUEINY Q’LLﬂmvmLmLmeqmiLLﬂamﬂmqiﬂﬂ@vﬂﬂf;ﬂ%ﬁlummmmmwmumu dielsrauutla
HANgNFia Silemnmsuaumaiisaumiuatiudesnsdeans

23 wamaAnENNadBNNsulanuNIsUINEmansuaz A uImATATadlan 14U (Jody
Byrne)

1
=

Taf 1ifu (Jody Byrne) Hii@eingnysnunisutlaeiuniesuinenmansuazsumaiiaann
mueesiuiarn g uiunmdingeiluenansdaeusunisulanuminede fuauuay
a o a 6 dgj o a & ! ! 6 &
wmanendeniad uenaintidauiluann@nzesesdninisulawazanuiitlszmalafuaus naanu

A@ewaeailunganae Technical Translation: Usability Strategies for translation Technical

[
o 4

, 2 Aa oA ey = = 2 A4 o
Documentation TIANNNWLNA A.A. 2006 WANANNUENNNAINUITLURNUATETUNINEATaIA LN T A9

NINAIUINVANENTNBATN AN ATIA

aAr A
ﬂqﬂma‘ﬂﬂ‘mmmumﬂm@\ﬂ@m WTUNNTRIN Scientific and technical translation explained:

o

a nuts and bolts guide for beginners aiTuANNWLNS A.¢A. 2014 agullddndsuldnantiaisnisula

3
Y o a

d"J dl o Y o dld dg‘J % a 6 % a
wuﬁmmmmmmmﬂimﬂm%ﬂmmmmu@mmq ATUINENANARATUREATLLN ﬂuﬁll’]m\‘]u

49

1. nsuialaanss (Direct translation) unadsnwulavialilusnuuladssinnsine uladsnisula
Inemsgaanili 323 Ae

1.1 n1swdamnsema (Literal translation) 3 mﬁ‘ummlmuﬂmmmmmmmunummﬂmmu
o 1 _ o . o | @A
ARBA" (word by word translation) dauansnef ARannsullauLunsstiasulalne Guduainnisula
o 1 o dl v 3 s % o ¥ K ] a d o d
AusazAn e b luiFlannfuaiunan Asinnifatsan e Anlun1enlatenienannnsa
oheneanaulwimiansuaiulilduingawiluagzineniuasfeagnfiesn AN LA T IULIBN 1N
aremnasiag nnsudanuunsesiasdedliiniaiuaAn nsdnuTeasAIUeAn s wasuaniaganisula

¥ o L4 3\// o & 1 dl v 1 % 1
LLUUQ@@V”]’J’]N1’] MueAfansuda  A9969 ﬂill@’?ll’]ﬁ‘ﬂ@ﬂﬂ’l’]ﬂﬁm’]ﬂiﬂ@ﬂ’]ﬂﬁ?ﬂﬂﬁu \uN1TuLa
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A

daunimviesiueesiuatiy (diomatically)  ngfuansatiutlaenielaifinugaunniuiniednu
Anuruiiasiuresnimnduatiuinneu fiuaisildaunsoiuansliednanysal  (Jody Byme, 2014:

118-119)

12 msuilalagldmnudwinvisanigin ( Borrowing) wulasialdlulunsaifanuudlaisls
o o = A A | o o o o W ya X o 6 v
ANN10UNANN N AN NUEN R auvEaRsUWINAuA1 luA 1 Fuatiu e 3301l ausuiianannle

Y Vo

Wavnaasdaumariuilatanuwlanldaining uazanazinligiuaislaranieliduiuiunisula

-lgl 1 |dl gl dgl 1 i’/ 1 o Y o a o 14
wuuRludaausn walaldasnisudanuuiities A ‘W‘LI’J’W’WLL‘IJ@’&’H\IW?QLﬂIWﬂUU?UVlsLuﬂWHW@,UULLﬂ@iﬂ

WIUANI Internet, pixel WAL e-mail (Jody Byrne, 2014: 120)

1.3 nsudawuumisani (Calque) Wunisutalngnistinaiannanssututinun I lunnem
1anenng 3 Fnnstidada e nalinnsaiuulaieauilssrasmn s laizulna wazanmnudly

a XK v YN delaz o s
F99NENH A9F89 I INTUaRAA NI AT (Jody Byrne, 2014: 120)

2. nsudalpaaan (Oblique translation) Llunasanisudaiianududauninniinisudalaenss
adal d’l o £ dl o % o a 1 o v

nadsn1TilautuiEnas MiHaN #atUAUN AT T UL AN AN IANFANAKEINNI9AN1Y

& 1 aal % [~] as A
Taennsal wiAsnsutalnansedanidy 4 35 Aa

2.1 Mmsuilalaasnusanyanw (Equivalence) {uniaaenldalunimatiuulaniasys

al 1 o dal dl v o v dl v 1o =S K o 6 o/ ] dl

AMNRsLWnALEe AN AduatufaIn1sdeld taeliAtleadenannidlhennsalreanis fdaatned
d5unanald wiun1sAN9n Risk of Death UNWANT Danger ¥isaunuiAdn Wet paint AaeA191

Freshly Painted (Jody Byrne, 2014: 120-121)

2.2 msuialaanisdsuidaausiumiann (Transportation/ Recategorization) AANTULNUN

o A all o ¥ v Y o o = dl o g
AT UNUNUszsinnaesAn lunsuatiufigAra Nt uuaanissinnuile Inegepeine

'
A o

¥ o Y o 1 a ¥ Qldgjd A
mmummmmw@’mmuﬂuuifﬂm Finatinananssn1sulameisindaauaanisudadselaanannssu

9140 (Passive voice) Wudselamanan (Active voice) (Jody Byrne, 2014: 121)
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2.3 MalaguyuNaIn1satEas (Modulation) Wunadsnistinaueiienn luyuseslu
nsulasitiendnuaasansanyunassuuaniudtuay U Easy to use wWaaulu Not difficult

(Jody Byrne, 2014: 122)

1
ada ¥

2.4 nsudalaanisdsuunuila (Adaptation) Wlunadanazsasldmeninusedinsedslidnay
T lanuudatlszinnlannny n1sU5uumulallsznausmenanisinandasainilsznispanisunuiisns
n9U5u TN ALRLTRuessNLatenng (cultural substitution) NNTAAAAINNINNE (paraphrasing) WAz

N13a<AINH (omission) (Jody Byrne, 2014: 123)

® FhatnensunuisnanislfulEdnAuanLdNUasINLUaNeng ( cultural  substitution) il

| '
o

~ 4 A o o« w PRy { Aa o 9 oA | Y a A
ﬂ?mnq?LLﬂ@@N@LﬂﬂrJﬂ‘]Jafﬂ'ﬂuWNﬂ HLLﬂ@@zLLV]uWﬂﬂﬁuQﬂﬂquwLﬂﬁqsﬂ'ﬂ\i@Qﬂm@ﬂurlﬂﬂquiuwﬁﬂ\jﬂum |

unatiuulaazgninllldeuase fuilassliasmevisainudantosanununfusiula iy Wasann

i
=

dl L% Q/%’/ = ' o
anunnaztinfaun Ul diuiaonuunnmneiu (Jody Byme, 2014: 123)

® N1308MANNNUMNNE ( paraphrasing) ABNAa8N1985LNe lapuNsaunsuatLfeInsde Tne

a1l lAdsng lwsuatiunnld (Jody Byre, 2014: 123)

® N13a2AN (omission) LFWNA1997138nsutans Ui lidaasuinun g Wesainn1sulaenans
A % a o v a ?:/ U o =K K v c dlil o
WIBNUANUINANAFTUAZIUF UmMATALL AzfiasAniiaiapnugnsiasanysnirasiionilumngn

&A1Y (Jody Byrne, 2014: 123)

3. msudalaanisagaAuLazn1geanI1n (Expansion and contraction) n1sinsn ld1unaRsn1s

o o

wtlailunldazauegiufFuansatiuudadundn Inadnduainiugiuasndineaiusaunaiiatie) vin

[ = ¥ 17 o | 1 a v < v a d’/ ] a Qy A
?U@’]ﬁ‘llV’]'J’mgﬂ'mmLﬂﬁi@IMWQU‘VILﬂuﬂHWﬂﬂ QLLﬂ@ﬂ‘ﬂ’Wlﬁ]ﬂ@usl"ﬂLLﬂ@Tﬂﬂﬂ’]?@ZLM@V”I@QHWH‘W\‘] ZFNa|

e3>

o

¥ 1 v ¥ % o 2 @ ¥ o a g QI a U
Wqﬂﬁj?ﬂ@qﬁiﬂﬂﬂqqﬂgﬁqq&lL‘IJWSL’QSLHIF]QUVIN’]ﬂuﬂ QLLﬂ@ﬂm’rﬂ\i’&‘ﬂﬁLLVI?ﬂﬂ’VPJﬁ‘LI']EILu‘ﬂﬁ’]L‘WﬁJLﬁ]ﬂJL‘ﬂ’ﬂﬂ

Mnfelsslamivresdfuarsdunan nsulalaanisagnaauazsnlitensiiuadentls: Tun

W lunudatianuilugssnaBnnndusag (Jody Byrne, 2014: 124-125)
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¥ o 1

3.1 msudrdayaninauanld (Recycling information) \isuldansisatinanadanisulana
1 o o dl o 1A d’l al I =3 al
nsuilagilatingednuesasdnsTulssnugaaunssy giletlszinmilazinisnanaieneasdanlu

anwouzaasnisuailuumeias uazLNazBAUAEINATIBIANI9TINPINELATANAN T AN

1
e o v a

wansngriu lfnisnaatsuminneuniin nasindeyariindusnldudinenisindeyanisngluum

1 ¥ o 1 AI a ZJ/ % o 1 A o A dl 1 1 dl A i’/ %
neuuitunldiinashlanais dayadinainfsAnieuindn neunisnmasauLAseslannATIazseg
tanisvinanuaedesesdnsnewane deungula ldldindayadoutunldashluunula udad3uans
lallpauanssaeAnNszinsydssauaaunafani liiindunsigaInnInewld  (Jody Byrne, 2014:

125-126)

¥

4.  nsudatagnisvinliunudasiansaznildusaiinnuawizunndu ( Generalizing  and

. .. = o R & o & o Ny Ao Ao o
partlcularlzmg) LﬂuﬂW?LLﬂ@I@ﬂﬂqu\?ﬁ\‘iN?Umq?LﬂuM@ﬂ ﬂ@qqﬂ@ﬂq?LLmuWﬂqWNﬂquMN’]ﬂL’ﬂW’]ZﬂuE‘]’J

k1l

1% o 1% o dld al/ o A o o ¥ Y o dld
LUNAUALUATEATNHATTHUNIEND] VLﬂluaumﬂ@ yi9a ln1anauiu gudaaialdAniANLIg

a

4 1

o Ao o Py o @l Yo A A o q vy
Lf&‘W”Iszm\‘]LLV]‘I&MVINMWQJMNW‘V]QMMT]muﬂ‘i_l‘]_mvlm rJﬁﬂ’]ﬁ‘unLW@V]qIVﬂJ?U@q?ﬂ@qﬂV]’]\? ANHITH

U

v
=

Wi ladleunlaAEedu (Jody Byrne, 2014: 127)

5. nswialasldn1sdmige ( Compensation) wisulsendaetinanadanisuaiilunisulasoum

dszinndnduizanimeuns luunspeuaessoumsualiviy fulaeialiaunsoulanaunanvizaynd,

1
o

dule M lifesaziiunisudaly wariniunpauaassiunsuaTundulanaawiulanialunisingue

a

£

¥ [~ ° ¥ aa 3 % o
Hﬂﬁ]@ﬂL“lleLﬂ ﬂ@’]@@:%’m’ﬁ‘LLﬂ@@@ﬁLLVI?ﬂHﬂﬁ]@ﬂL“ﬂWiﬂLLV}u Tunstinazyin Tatusngmaeanag

ansuninanddungoyideldTudusiuls (Jody Byrme, 2014: 128-129)

6. mMsulalpanisidasulaseasnalus ( Restructuring) Aenisanatsunisinde s lusaunaiv

wila sausinsdnansudayalutlszlun deutih launeseduuntion (Jody Byme, 2014: 129-130)

7. mautlalaansidannladyansal  (Iconic linkage) uAgnsiinLlszdninwansauuilals
arnsni W ldauldadnadilsydninnunngeau inldlasananuinilsylaaludaunsiuatiunilsng

g y Y PRy o = o A o o« Ny
sﬁ’]”I @Qﬂﬂ’]?LLV]u‘W@Qﬂﬂ?giﬂﬂwmﬂq?ﬂ?uLﬂ@ﬂulﬂﬂﬂqqﬂﬁﬂqﬂcl’lﬁ?@uﬂ@‘mﬂqqmﬁmqﬂsﬂﬂﬂmuﬂu‘]_lblﬁ
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:j/ =S v o o % o dl 96’ o’ zl/ = Y o dl 1 o = [~ ¥ [~
YNUNA mLmequﬂiﬂﬂﬂiumwmu@uumﬂmﬂgeﬁﬂﬂuuu “’QZNﬂ’]ﬂ‘Hﬂﬁ‘V]LLlﬂﬂ[ﬁl’]\‘lﬂuLWHQL@ﬂuﬂﬂﬂ
| a a P yaal X o o = o 8§ ¥a =

AN WAINAaANMNNANLAY Huilasyldisnstiunuadldudounatiuula Geazvinlisauniaang
. X o X = o N L A MY o = o
Waulannauiiilennnssduninau fethadu WiuldansaeteleslapauszTanaiieng lush

v o dl IS ¥ R o A
UNAURUUTINAIMNUNILAANEAAINLAD (Jody Byrne, 2014: 130-131)

® Always exit the application before disconnecting the storage device from your PC. (Jody

Byrne, 2014: 131)

® The user must never remove the unit from the system without first closing the associated

program running on the PC. (Jody Byrne, 2014: 131)

® To safely remove the drive, you must first close EasyUSB. (Jody Byrne, 2014: 131)

fulaanunsaidenudatssloaladszTaaniie udnldidwlsylaaulaudnlunsaiudaenials toe

ANNITDINHIANNNNEATNAFILNAURLTLNN AU beatingATLHIu

¥

¥
AINNNTANE NAANITUL AN UNIIANUAINENANRRS  LazsumATRA Aa9lam 105 fulaazin

a

nadsnsuladenannlldivldluntsudaundpassnieluanstinusiantiine i linasuulaniiannan

1
=

NG
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Tunsudavilsdeianil uilaniandedngd fuansatuulatiu azdealinnnuiiugiuuazingig

anlaluanenmans duaadneneguda atnelafiniu fuila azagtilaminedaadludnu avugnag

a a dlo G| 1 o o a’ll di | QJdgll 4 Yo
Foananandulunisanusnunidaaiun LW@L‘]J‘LAT’]’WTV]‘LW]']HW]WNﬂ'ﬁﬁ\lgwuﬂ’]uiﬁu W7 fuang 5]]\‘]@“"1’]’]

Ioig[5 suansatLuadnlaieaesiaundnassingiu

2.4 qa@93nenalil

1
= a aAaa

"}‘@%‘)?JVIEW (Microbiology) ﬂ‘ﬂ"m’W]’)’]WJEIﬂ’ﬁ‘ﬂﬂHWL'ﬁ“ﬂ\‘]@@u‘ﬂﬁ‘ﬂ @QN%’)ML%@@L@HQ AUNALAN

1 a oA

doulunjueshiviudaenian aauvzgiaumainuans lududeineuazn1asuiugAans

v
a o

ﬂﬁ‘ZUQuﬂ’]ﬁ‘LNWWU@a%NLL‘UULaﬂ’c‘lﬁlﬂuﬁ/ﬁmﬂuﬂ\‘l @Qu?_lllFim:’r’]ﬂ?”U']uﬂ’]?LNﬁﬁU'ﬂ@eﬁN@”}ﬂ@@uWﬁ‘ﬂ G

) =) % £% aaa 1 A&I
mmmmmmﬂmimmﬂluumﬂ{]ummi Idszezi0an LLZ\]$WM‘V] 13~I§~I’m1uﬂ’1?‘ﬂ AARN m?ﬂm:m bIEN

'
d 1 a aaa a

ARUNTHS S AU RN AN AR TR RINNIA LA AN NITFNTAY  AeTlEAnRAan A TER AW

'
a Aaa

Waumaln 195 (Francesco Redi) 151’17Hm'3mm@mtﬂ@ﬁq@ﬁdﬁqﬁ%mﬁmLﬁmfa’mmmqmmmu TpeInn

ANTNARBIAREITAN LAINLIMUAUNIN AR NN T UINA NN AT LA AW Aannlua. A,

1676 waulnil wau ALugA (Antonie van Leeuwnhoek) MiTunnGasdsiidnauiaianasluin Tneld

ﬂmm@@m‘mummﬂ?ﬁw umﬂumammm A lEan g ez TAnnnuly  Tudrdunis

v
o K

uumnLammfmw«gmﬁmmm"qLLa‘ﬂLL@:ELquqﬂﬁié"?umiﬂﬂﬂmdﬂLﬂuﬁﬂq@%ﬂmmmuu@nm@qi@n (W3

Anuniuazildn, 2548:1-9)

dl Yo o 1 a rdl QI aaa v a QI aaa 1 2'/ A
ﬂ’]ﬁ“l/l@@‘ﬂ\‘]‘Vﬂﬂ?‘]_Iﬂ’]ﬁ‘il‘ﬂllﬁ“]_l'l’]@WNW?QWQ@HL?@Q@QN%Q[}"I[5]@\‘1Lﬂ@"\’]ﬂﬂ\‘]N‘ﬁQ[}"lWﬂuuﬂﬂﬂ’]ﬁ‘

wmmm@wqm@mmm’(Louis Pasteur) nnaasslnglduangtlaaiusinamng uazliliaanidniu

a a & a

k% 1 = a = a ] kY dl o
LINaaN W‘].IQ’]“’QZ13JN @@umﬂmmﬁuu mevmmﬁ%wwaum?ﬂﬂmmmumuimm@mmLmumzﬁum

q

a ¢

o tﬂlsz |d a 4 o o o Q;Q./ A a
fuatunnenlaamas uelaasIanaaad e N AGNNAN LA INAN AL ATIAZNLINHA AU TY

N qauvstiatazyin iy (Wansniuazi s, 2548:10)

1
a o=l a Aaa

Nﬂ’ﬁ‘i’]ﬂ@@ﬂLﬂﬂ@ﬂﬂ@@um’iﬁlﬂﬂmﬂﬂﬂﬂﬂ "I]\‘]‘H']EIWZWW)’] daliTimaanlUDenaiinlsade &AL

'
a aaa

Fina] £ ARaNNnNInIsinesdedidin 1ol noad (Robert Koch) wiewnsiinaeasii 18minng

wmmLw'ammmcﬂvmﬂummmmuﬂfmiuﬁuﬁﬁwmmﬂﬂaﬂuﬁm TRENQNANEUN Al ANNNTOUENLTE

wuafiSeiiduammedlsrszunaluianang neseduuedld defiuenldie Bacilus anthracis

a
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o

neliinnlsa ueuunsnd uenainiirerdlidnsnasiudnlsauareininnisn 1w ldfeanyRgiuduie
HuvssingulunisAineGasnisnelsnresqdunssd Gundiannfgiuzesnand (Koch's postulates) H

PNEAZIDEIAAIT (WANEDILATLTEN, 2548:11-12)

AnNNAFILIR9ARAT (Koch's postulates)

a =

1. FANNLAALYN I

q

ialealuRedTdamnnilos
a 6

2. gnunsnuenqauvisdnelsnlwdesimanthaudoriaaesiidwmeusgns e

3. watnldimanalsanuanlsliunmaasludndn il azfasnnlvdndneaaaanialea
-ti/ 1 [ 1 o rdll U [~1 5 a = o é’ ndl Z//
4. gnunrnuenimanalipfanainandndninsuazsesitudenianaatumanuanlaluaiuen

(vq tgnanse, 2552:79)

a o

AINNNIANHFRIRAUVTENHNINNE BTN AR TAeIN133nAuUNLIEINN T899 AUy

'
a Aaa

I d” a oA ' | A [ % ' :// A o A
wiaid Tuaan wudntnnsuivasNTIpeaniuanslssinniizaansanuians Winliaa aunansnaLay

D

4
= 1% e

o o 6 1 tﬂl a aa =] = a e =2 1 =2 4 4 dld
AIUIANTARAD LFAKNAN ITNITANET LTANAUNTE NWEUI NINTU LTUNITANHIAILNADIFANTIA U NN

Usg@ninmuazindseeneniinau nnavinglas niedendiieginseainsuesqduridaiingne snllng

J a = o a

n1sAnEedALlsznaunieluaesqduvsd wudnaaunatLsEiad AnuanTRulsznisadeie ueiin

q

v
a a o 1

Hauantifulsznisadnednd asldamnsauenlfdnadurisdaiiniuaqseg uetndnsla  (wednmnl

wazLlTn, 2548:1-2)

1 uilaqifuisanuun ﬁqﬁﬁﬁma@mﬂummﬁmﬁmj AINLUIANAALRS TSI TSR BT INmAINesT

(Robert H Whitaker) 3eldiauauiannliiile .. 1969 Tagendeianislésuaisamnsluniainssdan

A8 1Ha1991119aNN19A9LATZITLAY A1NNN3NUEINI IALATILATAINNIAATHE NG YANANNLEs

A1AUANNBANFA 1NN T TeTa A uazeALszna ureamadnn L lun1991uun AanuanAInane
e

Ml muntszinnaesdelddsdu 5 a1un4nsAe (nMsauunFeidineaniduenondnssingeg

www.sci.nu.ac.th)

1.270419N9NT (Plant Kingdom) launnsgadu@elddmuaneisas (multicellular organism) &

- a N o - o o ° o \ , a v
L%@@LLUUQW?‘E@M HNLNLEAR (cell wall) L%@@Nﬂﬂﬁ‘wmuﬂﬂVﬂMuﬁwL@‘WW;Z@EIN LU 770 NN AU SL‘U
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v
A o

Ausiug levsuuuanAumanas liandane daaalsiasinalddaunsziugs (nsauundsddimnaaniiy

mmﬁmﬁmj, www.sci.nu.ac.th)

2.814N5AR3 (Kingdom Animalia) AaANHTRIAMANELTARLAZHITASULILIIATEI0R [HagRNIg
P
#

o Y A o Sjij/ o/ 1 (% dl dl v =
ANNFUTAY AUNUS IenaLLLaAenALas ldadena tnaauinles T

q

W hifluadenssinge
AR TINAR 1IN178ILATI LT LAIAIAN 79T A IR EIN19N WA 5ULRN 471987191301 M TN 2 LN1N1 AN 79T 9 B

(NM3AuUNAIRTINeanIue1 4N 96e7, www.sci.nu.ac.th)

1
a aAaa

3. a1w1ansala (Kingdom Fungi) #ei@imluenandnsiliflu@eld@nvanamas (multicellular

[ %

. ANd v oa = . P » A N v o
organism) LL@%NLH@HNHQL@@H@ (Eucarytic cell) & Nz UNUsENARLNTLA IS AAB @UWH&@VN

9
v

o S o Ay @ A =R Y ve =
LL‘]_l‘Ll'ﬂqﬂﬁlLWﬂLL@:ﬁLLUUPLNﬂ"IﬁE] aﬂﬂmqmiu@qmq@ﬂ?uiﬂuﬂ 77 LA eABk %Qiﬂ?u@q?ﬂqﬁqiiﬁﬂﬂq?@ﬂsﬁﬂ

(NM3anuun@aidinaanidluanndngsine-], www.sci.nu.ac.th)

42 unansTuluasn  (Kingdom  Monera)  lugsianmmadinsai ditiouianans

1= [

(prokaryotic cell) liinaalsnanasuazluinaauie Aseinlaanisgeanainng douluainsduiug
wouldendewd  AeRdRmluennndnsilann wueanEy wazauieddaounutn®&e  (Cyanobacteria)

a al o

wuaRFeunumdnAnylugusitiesaans M liRAn N BRua s uvsdn e Tuszuuiaa giing

= 49 a

v
al o

WuANEERYNMNA 3 wuuAe g1denan (coccus) gils1eva (Bacillus) wazgilsanana (Spirillum) (N1s

Auundeidinean duennnanesiner, www.scinu.ac.th)

5.2114n51sAAAN (Kingdom Protista) LiaaxEiatiniiaaata (Eucaryotic cell) daulun)iflu
o Aaa - = , X = = s e A ° \ o -
F9NTInmadiAeg  (unicellular organisms) #3881 NANTAR WAL L NN1INNUTINTUILTAR
WA BINTI6 e AN WANINTIR IFUaN e uULTINN1941AINE LAY N19AATNENMITUATAINNIGTIY
2193hARA Tian (slime mold) Twslnda (Photozoa) @198l (algae) BNBUANUTERTEIWANUNRY

(NM3AUUNAINTIMaaNLTU AN TF97, www.sci.nu.ac.th)

Tun1dpanuunAaldimaaniiuannndnstiu 4017 ApanuunANNANRusITusLsy das Tas

¥
aAaa alo o o A

NANTUNANAIALTLNALIANAINTINALNALIBEA NIFIARLBNAINTINN AL

A10W1ANg (Kingdom)

o o o A

Aadud1suNT (Division )visa WaNTUEmT (Phylum)
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o ¥
AAAUTRTU (class)
e A o o
ARLADTUTARUAL (order)
wNRNAVFRaeA (family)
al o =
UANTRANA(genus)
alddvzaaiia (species)

(NM9AUUNAINTIReaNLTWe AN 9697, www.sci.nu.ac.th)

o O a = 2 ' [ A [ 3 = o a Al
@mmLLuﬂa@um%ﬂmgiumummwmm mmwmﬁah (917 LA &R ) BN ﬂﬁ‘IﬁJLu@iW(LLUﬂWLﬁ‘H

3
1 aaAa

wazanIeAmauwnNNIIRY) waranunAnsldsiiani (suilen Tnslnda amse) auvzdmailunLm
1 Aaa e 1 QI a A o a & c 1 a ad Y a dl
FeTIneaNyet agnatle qauvztuialidsslonl i I unsdnenddaour iuanaesluu ive

nn llunisinienisthelunyws usdungaiind Wine iy nelsaisluau dnduazlung  (n9auwn

AeTameaniueundnasingeg, www.scinu.ac.th)

' by
a adaa A a = ]

RelTamanatiauienunumdAnysiaayudRalafa (virus) wazlasass (viroid) dndnendans
nadnlialdldmad uwsiduinasaynia (particle) e TnFaiansiugnssuunifueviaanfiduie

KX a

1Hn laatianisuazazagsan Hlnanisaidauaziviauauaaies e saesdel i nsinaumony - A

n3dn laalde ludneundnamils Asannndnslag (vira Kingdom) lafadaulnnjansnsanelsalsiv

T 4n3 Au wazladauneniaginnsanalsalunuanzaldansoae (WeanuallazilFan, 2548:6)

aAwRTRAva e s mededilefeuiuddiTanelingy feludenana

NANUANLU9THA (species diversity) WATAIMNUAINUAIENIWUFNITN (genetic diversity) Aunaan

1 a al ol

aganAunuaInuane (ecological diversity) NANeNANARSITAINAAWYITENAN T Fungiths Aafusnuou

Q a

a o =

memﬂ@muwmmmm@um‘ﬂﬁﬁ@f;ﬂi@?ﬂuﬁﬁumﬁ (m%‘hLLuﬂEqu%mﬂﬂLﬂummﬁmr}i’m,

www.sci.nu.ac.th) Juilanesngoatinameqauvistnalsnauaugesaiinpalsnuauunsnd (Anthrax)

¥

~ A Wy A = A a aAe Ao & N o X
LL@%I?QEJ@’]HV?@I?JVI?WH ( smallpox) SINLﬂuLﬁ@ﬂ@um?ﬂﬂﬂI?ﬂluﬂuwmLuﬂuqﬂ?qﬂglu@’]?uwuﬁ@UUu

dl ¥ Y k3 v dl ¥ a 1 o o AI d?
e ligaulilseneuannuiine liiinnaudnlalusaunAngssningeau
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1. TsAuauunsnd (Anthrax)

T2ALaULNINT (Anthrax) WfiAaNmeLLATISE Bacillus anthracis Hanmwuziflugilview fed
wnsuwan Hualgavedy Wedudadueandiauazaisieuinalainuniuseniiuiou asaruisnnuse

1 ¥ as ¥ . .
m‘zmuma‘mﬁmeamﬂfmﬂ’m‘wqmwaﬂ@sﬁ“lm (Anthrax timeline, www.cdc.gov)

b

u.‘i‘."h“ \
'"'*‘ ﬂk —-»A

| *9“’ N,(;f*’

g‘ﬂﬁl 3 30 Bacillus anthracis
‘ﬁlm http://textbookofbacteriology.net/Anthrax.html
o o o o dl dl ¥ o e o d’l d . . o 3|
anpu L‘M[Z]ﬂ%?m'&’] Q_,Wlmf;lqm‘ﬂ\‘]ﬂ‘]_li?ﬂLL@uLLV]?ﬂSI]N AN LB LLL V’W] L?EI Bacillus anthracis 14 L‘]Ju

¥

X aNa a Ao A s A X Ad o X ava
Lﬁ@LLUﬂV]L?ﬂﬂ@I?ﬂﬂ]u@LL?ﬂVlNﬂqﬁ'ﬂuWU IQHI?LU?M ARAT LNB A.A. 1877 LT@LLUWV]L?ﬂsﬂumuﬂﬂlﬁlﬂﬂi?ﬂ

%

Tudnsnunmnatinuazainnsosnsiaguysedls mwenalsauanunsndauisniasnyldluaniosind

a A o 14 o ti’ . ¢£I ¥ ol/ a 5 o A ¥ =KX o tg
ARNTLAU NANBIUSANUNULTER Bacillus creus smwuimmiﬂ‘lumu UANATNUENHNAIMNAREAAINLLTR

Bacillus thuringiensis Faflumanalsa luuag (Anthrax timeline, www.cdc.gov)

1877 - Robert Koch 1837 - Anthrax vaccine for
1250 BC - Ancient uses anthrax to animals reduces human cases, %
; origins of anthrax, develop Koch ]
@ Postulates. = .
| 2010- Doctors
Fiut uses of b find a new form

1979 - Deadly anthrax outbreak
in Sverdlovsk, USSR.

{ anthrax as ¢ u,pl of anthrax.
1@‘; 1752 - First clinical 1881 - Louis Pasteur 3 act of aggression. 1960s - Global e
d of anth creates the first concem about the thrax
escriptions of anthrax. G A uss of blowaapons. attack on America.
U 4 UsrdRanuilunnveslsauauunsnd

PN http://www.cdc.gov/anthrax/resources/history/
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T A.A. 1881 nqed Uawas ldAadunslidatulsauauumnd (Anthrax) Tnannsaamalsan
inlilignsgeuasdrludninaaesaiuau 25 fa ieasuiinuanisdanneainisresdnimaaaduda Ag
o al d91) e a dgll [ [ % & o 1 = ZI/ 901/ d’j v dgl
Nn1sanTaLernIndInameuadllludninaanssinainanads luasetlndmesisaniaaunay

T Aa dy Y o o & = 1 dl 1 Yo = dw dl o 2K Qr 1 1
wnandaiinmeiduliiudninasesdnnguinldingldFunisasdenvn lhdeugnaninew natlsngdn
dndnaasslunquusniagldiunisangedennnaiulinig uidninasednnguudmeriantn an
naeaesreanged thawes i ldiduwwimicunisnaniadusiiulsantinsiee ulaqiiv
(Anthrax timeline, www.cdc.gov)
T A.A. 1944 HAn1sneUREaAY (penicilling 11150 un Tsawanunsnd sannlu A.A. 1950 143

Y o A

nsAnAuiatutlesiulsaweuimsnddviunystaululsunaanigening ieldiuaumunnienuly
Wsuaeuny uazlu A.A.1970 AlFRN s mMBIdATuENa Insaunn SailuindunldiunnTugatlagiiv
TrgunlaiunisiusesineeefnisemnsuazangesanigeLiini 7a4d1 Anthrax Vaccine Absorbed (AVA)
Tnaandanisldineiluuuanistloai ldldwanisine deiuwaeninusliflddadusiiniineuiinisduia
o -Mij Dd‘ Yo o A g ¥ | dl o 4 a oa dl o dl [ d”
Aue giacldsudnguldavsaafuyaainsinauluiesdifinsmiinimeasanasiuimeussy
uwnsnd yapaninanwnaaiudndidu dnaunng uazninsazliiuniseyeya lilddatuaiini (Anthrax
timeline, www.cdc.gov)
o‘d‘ o o dl o e o = :// %
winnsaindnAnyineaiulsaneuunsndaninnisaiae lu a.a. 1979 HN1392UAATIFILLIITD
Tsauauunand luilasaiisnaanarn (Sverdiovsk) luannininien siaxtlu a.A. 2001 nasaNMANIIAT
a a & < o a & v ¥ ¢ v

nstauAdasinsadumesuanigewnidni AldinisAununisssunnvedlsaneuunsnd n1anislddinis
asugauuazagldnunnisaisenatailunislannssalasueameneuunndndsniuanmang saun
T a.p. 2006 Heneanunisnugieedulsaweuumsndszuuniaiunialaluaniewdng gulaendugng
UseRngnassninunnauaindssmeuanininiansdaaniaunsnazldlunisionass iensaasy

A e, cY & o N "
atvavidenRIn LI TauewInIndriulwdaunAuuiing Aendseanugiaelsauauunsndlu
UszimAdanguuazieasiulu .. 2010 Jubeisuaduildarsansn lsnueuuwnsndinudansny
wANssANuaRUNINgNHanil Ae ldinasunuaniiuluasudn duiludnsuzienizasauauunsnd

a A:Il =R =3 R A ¢ A 1 = ' r-c:ll a N :i/ ¥
#iatl unneRasaniiudndiupalsalauunandainlud wazFandiueuunndniinainnisaniaadiin
14 (injection anthrax) aInnsAmadaueteaziaaanLdn dilefusmelauinsndluidaunniualsauis

uansiansandileeld Asludadihaanandali fidunns@aatlasidngsenialasnss ( Anthrax

timeline, www.cdc.gov)
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sionnlu A.A. 2011 Hsauniaiaueumsndssuunaiumgla armguiainnismnalaenalles

I dld a v d! = a 49( PR Ly aa o 4
mmmjﬂwmﬂuﬁﬁmmmﬂﬂ %QNI@ﬂW@LﬂWﬂuyLﬂu'ﬂﬁmqﬂ ﬂﬂwLL‘WVIEIZQ’]NWﬁ‘ﬂqu@'ﬂﬂ@’m’]ﬁ‘ﬂ'ﬂﬁtﬁ‘ﬂiﬂ

]
=2 o

28119990159 a9 W@ usadas Ingaaseitlfviunan (Anthrax timeline, www.cdc.gov)

NSLNALSALALAINISURILSA

o

Tsanauunsndiilulsatszantuninalulsemainemsnssu Naludadudounsimagaunniey

v
o o & 1 o

pRNARILARSIANTIW NM9szLnTedlsraaina N RN 1NeesdndnlulsarzaanAundntaime e
alafunalsnnile (Anthrax, www.boe.moph.go.th)

dal . . ! 14 ad A a dla o a dl a a -dl
Gh Bacillus anthracis nielsalunymefld 3 35 Aaianiauil aNsyULNIAuMsuAZIAAT
sruumaivnglatafustiannuldteangs Wadilhalafumeariszazindaszudne 12 dalusll

= o > adal v X o =
AU 791 AniiazuaneIngaNls umednlUae (Anthrax, www.boe.moph.go.th)

® LAULNINGNEIMIa (cutaneous anthrax) MAaINN15UEe IneN sdNHAlAsRA WudNEaiy

o A = o o X 4 o eal & 2 g o~ o
dnantlag visadudanuilaltaresdndnilog [ mea1aings NN 1ININLIALKEA AINI1TANL ENIR

u

o o

o o o d’j o A A g a dl Y o d’l :I/ I dl dl | 1
NURAIANNANHNALTR 2-3 WU ﬂ’m\lﬁp\lLL@\?B’]?\?U?L’]QAVIim@MNZ\]ﬂUL’ﬂ@ @ﬂﬂuuﬂmmwumﬂaﬂuLﬂuauﬁlm
v o X @ o o . = = =
LL@QL‘MJ‘IIH@HF]@’]EIL‘IJHF‘!NVU@\‘I LAILANBAN ANEIUSTBNANVUNVILANDAANATHNUBLENGEY ATNNAINN

e

1 ¥ ¥
Anwnuzguasliluayildn (black escalate) Suiluanunizdrdnyueslsnaiinil Tsaneuunsndutinuiinli

Eiiﬂ']ﬁllﬁﬂ%ﬁ AlAdszannFanay 5-20 (Anthrax, www.boe.moph.go.th)

De

WALUNINEIZUUNILAURNMNS (intestinal anthrax) AAaINN1sUmalan sRubadndNae faelendl
wazlWldlgailadndiuligniaaaaufauatinainasne niely 12-24 dalusudsainiutegilaeasiand
U ] U al dl Y =l 1 Yar s a v 1

1 laune eads pauld en@au wnlilasunisinmaziineinisaniiagetinaguuss aannsuesisn
'8 a v =3 o [~ a U dld U al = A

LaRUWNINTITULNIBAUDUIIaNaRd AR LTsAa N sITuy filoandeinisieuduaziidantluun

o % é’ a Al 1 T Aa dqj a 9 1 A ¥ o v a

fugaansesng auuanFanalsauauunsndaiiaiannsamuniadngnszua@enls vinliiinanis

Tavimidline ﬁﬂﬁéﬂwLaﬂﬁamiﬁﬂa‘:u’]m%ﬂﬂz 50-60 (Anthrax, www.boe.moph.go.th)

o

o uauumIndszuumnaiAumala (pulmonary anthrax) Wuaianwulddasngn usadnsnizae

109§tlhagedefanay 80-90 Nalaanisuelanatasuaamadn il Anwurainisazadnanasiu
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v a A ISUP4 dl ] ?/ = o a o
H‘]JQEI?%UU‘V]’NL@WW]EI@W@MUM AR NVL?I Uapan1us19ng anilaziannismalaaiuin fAeds waz
a aa dl a ¥ o o Yo d’l
ReTimasaInIzuLnIAurng laauwaane Tuszazingn 3-5 quummnimm@ﬂ@( Anthrax,

www.boe.moph.go.th)

N195N1N

T3AuauULNINTa N30 5N I P LRTARY ( penicillin) Iagn13aadN19raeALABAAT YiTe
enfanddaman (doxycycline) enmmandanadu (tetracycline) 83mssiadu (erythromycin) viraldan &
Tssgn@uvizaizendus 91 3lUs (ciprofloxacin, Cipro) fild enmantliuadnsluniainu Id fAduues
uwnsndnianiiaazmenielu 24 dalnandsannlifunisinuignsies aantsuanaedsnazielu 2-5 Ju
aginalsfmndalasunisinedawiniug lanalunissendanuasnaannisaasinintumniu avsumu
Adl o 1 Vo é’ T ¥ <3 = o a . Adl ¥ dgl ¥
Nasdadnldsudenauunsndidnly aunsaniuensenddandan (- doxycycline) Wiaswdals luawne

100 NFNAUAE 2 AFudluagn 7 Ju (Anthrax, www.boe.moph.go.th)

winnsainsszuatadlsanauuwnsndlulszinalng

lutlssindnesdu ﬁmmm%:mmm‘ﬂmﬁ%@ﬁ 157197 0.02-0-17 FiadnuauLlsza v uaLAY
FININENUABNANTINNUIE LN AN BN UNAN AR lIALAWUNINT I WA, 2538-2543 H3N291UNNg
wugtlhedaiuan 102 au lununis@edien deunluszazionn w.a. 2544-2547 fildwunisszuneaasisn

wauunsnd lulsemealnaanias (Anthrax, www.boe.moph.go.th)
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2. lsAtlpursaldnsie (smallpox)

= A ¥ a a d’/ 19 a . a ' ] d’l a
T9ptA91i3e N IR (smallpox) NaanEalaFannslean (variola) AARDANNAWAAL TR 217

'
a

Taandnag luunuia Poxviridae unniaRuvaanfluunuiates (subfamily) AMuau 2 FuunianIy

ninaaslaas werlanuinalsaluaudnat luduunuia Choropoxvirus wazagluaiia Orthopoxvirus e

o

= o o Ao @ A ow | o a A A aAa o o
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= dl ' (9 a dl dl QI o o a = o Qd‘é’ = 1
LL"Ifl:[ﬂi‘ﬁ/‘l@q’s‘i"?]ll "IN[ﬂ’N"ﬂWﬂVLQ?’&‘]]uﬂ‘ﬂuVl’QtLWN"]’]uQuWJL@\‘lsLuu'JLﬂ@‘El’& 1’3‘4"&11& LLWNN@M@tNﬂu’]ﬂIﬂﬁy

dl Ao oA \ & a o TS
ngn uarianenziuAatzlnaiundvaauaaanaudy (James and Ellen,2002: 221-223)
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AN UDIL5A

Fealeaazilsrezinan lumsingayszann 1214 §u lugneszazinanis gl lianunsn
unsiiellfeynnaduld entsusniinudeRidgelsranns 38.340 ssdmadaa Hennnstanviauay
Uapnds filadaulugifainisendsuuaruauiiannisviesds lusnatanueinisianazeinisdn
soudne Tusvazinan 24 Auvdeanidenanienis frlaemstlagminaslianansinanuldmuding ds

v & ! 1 i 14 1
Tudagnanifthaannsoundimelldiyanaauld Wedhgiun 3 fihaasiananuiiesanlianas us

a

3
A

AZNHUUAY (rash) NATULTINOALIAZLERMINN (oral mucous membranes) Hulwadaznafeilugy

(popular) Hiaalafaagdnalu e laaeradigurarsuazszuuniadunelald Aasmudndilosunpnena

v !

Hanaiduae antunielu 24 daluendsanniudeing duaznszanaliialumiiuasundnezana ey

'
o A

WAL U7 HALazwin n1sundnszanaradiulilinizinnganiandudnenicdaduidaslunisaude 9a

7

4

Hanwls dui 4-5 sjuaziianmnuzla (vesicle) uazluiun 7 sulamatazguaiumanzasamnasnialy
4 o o e 2 L R
Wadhgdininassaaanistlos suwmaiiiiaznanafuguues  (pustules) AnsiusuvuaasFuuan

wazpnazianeluiun 2227 aeanistae filbadleniadedialugosiun 10-16 vaenisilog (Teri

Shors,2013: 425-426)

97 5 Anwouresdilaslantlnne

A http://medicinenet.com

aa L ]
8NN lgAN A
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T A.A. 1970 BA5A 1_91es (Edward Jenner) toanAuspdutlaaiulsatlnne Ineldde

N

)

o = N T T = o v o © v < 9
AgLUel (vaccinia) sﬁﬂLﬂuL‘ﬁﬂﬂ‘ﬂT?ﬂﬁJﬂqﬂiuqq Lﬂﬁiﬂﬂﬁﬂﬁ?%ﬁ@ﬂxﬂumﬂQ‘H’mﬂ’]ﬂq 8 AIUAUNUY AEINIT
A A o aa o > X o A & a A~ o A Y, @ A
"aﬂL‘Tj'ﬂ')ﬂsﬁl,uﬂLmqiﬂ@qﬂuuvmﬁzﬂzmﬂﬂqLW@[ﬂ?qqa@uqqLﬂﬂmﬂlﬂjfﬂﬂjﬂqjﬂ’qu?fﬂiﬂ Nﬂﬂ?qﬂgqqlﬁﬂﬂ

< £ =R o a dal =) b2 1 [~ = b4 1
ﬂ’]ﬂf]?m’ﬂQIﬁ‘ﬂL@ﬂu@ﬂ L@uLu@?@QW’]Wm@ﬂ\?ﬂmlﬂ]ﬂﬁjmf]ﬁmqlﬂ N@ﬂ?qﬂgqf]Lmﬂﬁ]’]ﬂuﬂqumqumqumﬂiﬁ‘ﬂ
= é’ v o Y & ada % =) a v .,3 v a a o t%
Nanw ﬂ"]?V]ﬂ@’ﬂ\iumﬂuqisﬂLﬂUQﬁLLﬂﬂﬁyuqﬂq??‘ZUqmﬂ@ﬂt?ﬂﬂ]ﬂ’]‘]ﬁ Iﬂﬂﬂq?N@mQﬂGﬁu@qﬂLﬁ@QﬂsﬁLuﬂ ‘V]']GL‘VI

anunsanamanalsalsivualianiané (Teri Shors,2013: 439-440)

L4 =
NN9NMARSLTAE AN

P1ENUATIZATINEIRIN19AR LI AR A BAARAAINNTRALTOANEITHT A ABLHBTUT 26 6AIAN
p.A. 1977 lutlszmalannidy waainnisdanieaasesdnasinge falaninliainnsaindnlsaitlivunly
15 wananaunsavinliasnsanindnlsaasuualilaintanldfe weaslearnnelsalanmiiu vinli
a a éll ! il/ S o dl ' o nill ' 1 ] o o
Aannsfiagaianiz uauwintuuas lifiszozfladanunulusenelaasd weliawnsneglusaniedn
1 Aariuaslianfudiesinadiazinisundimeaindsns uananidpdunldinmlsalamiudsanly

= a a :// = & 1 o o o dl |
wnuazHiLsrAnSnng sanviainssussA ilsvanaudouiuiisyiuazdunaauiionaaziilulsa
= 6 o/ Y o o o/ =) dl Ll 1 o o/
Hawlnsasdnisawnsialanlddniin gl nuansanenizasdlsninie ive lidrasenisanandnm iz e
¥ g o o Y o vl o A ' %'/ tﬂl o 1 i/zij
filae wananntesAniseundalanlddnnisliandaguunlseaaunneauluanstiu e lasiulilfiae
Tamdingdnanisreanystdauaiunsoimuiulsascunls luhauiuaaun a.a. 1979 AldRn1ssznia

agnaflunnanizanlseilanelsuualiainlanluiiuda (Teri Shors,2013: 434-435)

3N 6 gunmuansanEzaaslspilany (Smallpox recognition card)damnlagassnisaunsaian

AN Dale Jereme W, 2013.: 426
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luflaqufiniafiusnenidetnely 2wt fefl nswpauAnlsARaReviRdAd
(Centers for Disease Control and Prevention, CDC) IULﬁﬂQLLﬂﬁlLLQUMﬁLL@Zﬁﬁ@\iﬂaﬁaﬂ”}iL')mﬁlﬂ‘f
(Vector Laboratories) luiieasluln@idndilsvimnasads aafnnsaunselantiunuiasinanedaid ey
wnaliainiesdfimnas uidsliuunszazioanlumsiaefifaiau desnldrunieiadu

wnanenmans wszimednsfiuaeinneldazinldaunsaAnedeyamufnuasainnsninaang

Y X o a co o : o Y da 2 v
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(Teri Shors,2013: 445-447)
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1. ﬂgm?LLﬂﬂmﬂJ@\‘iﬁlu (Law of Segregatlon) @m:fm::mﬂ’] @3QﬂﬂQﬂ@NI®ﬂﬂuuu\1@L@N@ LA
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2. ngnadingafiuetinedass (Law of independent assortment) tHeinn1sUjaus Buneguu

Taslulanreamasauiugiuazannsndgiirasansiiuliatinegass (gnws gndmdes, 2544: 21-32)

@fmmiﬁmﬂ’mmm@Lmv‘iﬂﬁﬁﬂ%mmmmmrﬁummu%ﬁﬂmé’mﬁuﬁmmmé’mn@u NI1INAKRB]

o

Ndn 3812 @Q\‘lﬂ’]‘j‘wuﬁﬂ’]’&lﬂ?mﬂLLMIM@@M@uﬂQﬂ@’QUuNNWﬂN’m anpaaenadu i A.A. 1869 Tauauiua &



32

was (Johannes Miescher) HNNIN1IMAABIAUANNIIDRENTALARLZDANANNLTAR WAA1LSA LB ANE
avAlsznauneluaestiondsanudninuanimilunse AssaEandinsaiiandsn (nucleic acid)
Tu A.A. 1914 An1sdunudnaduniluasiugnesuiuazsudaiuagniaslulon daidunaainnig
naasafiansadnAdu (Fuchsine) Insunalsiisn Weadliu (Robert Feulgen) nnadunuigalunTusw
AugAansAan1sAunLlas i aasaLiueIie A.A. 1944 Taaand dmdu (James D. Watson) uazw
a a . . o Y o A o‘i’/ ' dg/ Vo o = [
91Ud4 3N (Francis H.Crick) N l#sinanendnansiadesrinuillasusedaluua nan1sdneaesdndu
uwazpInnudninseaivaesniduediglsratlungensg (double helix) Uszneaussaianwadtianaleng
(polynucleotide) 2 &1aWuU
aa =l & 1 Ai( 1 1 A a =l I .
- aneTnatiamala Indumazans Usznauduannuiaseas@a daaalalng (nucleotide)
- fanalandusiazuanazivgwasnns uaztianalalas (nucleoside)
a = oA 9: T
- toedlalaspaiuauaztiimnamulnastinas 1 lana
- lwaiaealszsinnAefaay (purine) wazlnganau (Pyrimidines)
a a . A v o s @ A A oA P as )

-LUAN25U (purine) AnuralupduauazanfiduieAatinmen et amtiu (adenine,A)
waznaTiu (guanine,G)

-walnRauluadwene aindw (cytosine,C) warlnaniiu (thymine,T) daulnwsdNaunnyluy
anfidueme landu (cytosine,C) uavesn@a (uracil,U)

o o % o = :J/ o = a @ aa

nsduiureaLdsiaiuse lalanaudTauialanduiulatesasnagqnewe T avhii
(Aduiulnendiu (T) viseysda (U) Tuenfidule daunanitiu (G) Auiulalngu (C) (Fatassns guiineg
,2556: 11-16)

A A Ada o , - =< ~ o o o P . .

WaRIRNTInNn1suLataganuiladugadasinisfian1sanasdfiredndwe (DNA replication)
a X o o P & o P 1 A = o o o o o o
NATU N9aaasiarasadueiiunisanaessduelulndina wsandayanieiy gnesuliniandmiu

1 o o o a @ al aala a a [~1 dl

nschenenllfignuaiy nisanaassiaeresiitue  Tudddialineaslenuazyaisleniluiuung

o 6

. . A a @ A 9 X 1 v a = ¥
au3n (Semiconsevative) AsaTuREWANATNIINNAzsznaufaaraasTnatianalandaesans
= \ = = Aa o - \ Aa aa o
anevilaaziflugneani wazanaavidluanainatioadla nsans lvdiane luluanFanilasaaiisaas
TasTulanifunananazinisanaesinleanqaBuAuN1991a8969189 (origin of replication,or) 1eENqA

wen M lERRAN N9 aesdalesiansdauazaanianiy A it lunysdasiqa Bugun1931a0960
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(ori) naneiqe 1asanlasTulinaasuystiviteg A3 laANANLNT NINAAENFUNNIANABFIATqA

dselamilunisanszezioanlunszuauniadianang (Frtiassnd guunne, 2556:21)
nannafunLiasa¥srepdue linaneansidnlanssuaunistnanenmnduialy

2 aaa X o . P Ay o = = PN R

ReNTIANNTY 1 114N 19 AUNUEN19MN9UTREILILAZN19ARLANNNTLAAIA BN EUIAENGNEL T
Aunulng Weruda anmau (Francois Jacob) waziaanes luunm (Jacques Monod) @awlunismunsi

AATYFaNIITILININANTIAzIATiNn e ugAAaNgsn WA saN (F1Ha9T0l guunnd, 2556:7)

wnanenAnanild ldanuinisinuiugaansuimumaiiasine Analiiednlanalnnag
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a o a

1) o a nal aaa % 1 a -dl aa o [~1 v a @ &
Nauluseiuiureadalionls wumeadafnaadunsafiapaanlidnasidun1sadnfdueannigas nng
Tadsunauazaunnzesaeue s idenlidinanmne  (Restriction enzymes) nnsldenlasilaing
. dl 1 A & a [ e & [~ U a dl dl % o o a
(Ligase) Tun1simansianidue walAn1sduasziinidue Wusu walannaadesiunugifines
1 di/d o [ 1 o =® o o A dl v al aaa
waniilanudrAnysianisinunldlunisAne Wauuey Uiudseireilasuudaclnsaaieresdeldnm
Tuszaumawals
a QI o [~ a o 1 4:4‘ o/ & % v o o ©
watlanislrautaiuidumatinfaeeieAaedAnduineauiugAIans dannlsvens gl
% A QI o nal aaa él 1 o A o & a a a o
N385 199 3R ANAN U UAIRTIRIUNN Te Ilan Aun1sduAus A NNt R T A.A. 1996 B8 AasTR (lan
1 v
wilmut) ldwatianisiarautislun 19naang ﬁuﬁmﬂﬁmqﬂé’fmumm@ duseusnueslan amndeninig
o a = & v a = v
naaaslagnistitiapaaaanaadisnuNeuninAiee 1g 6 Uunldlunimaaes waza1u1sngaing
dld o A o % s v Yo o o 1 dl
wnenanuzmlauiudremasnnisenisls nndanunzdafainanuuinunzaesd nezuaung

nsTaauilseiuiaevialii 5 dusew (F1ia930s guuwne, 2556: 98)
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1. NMSARLABNEULAZNITLATLNALAULAUDILLANLIE

o A = dl ¥ o QI ZJ/ = o a a © dldd dl % =] as A
AAABNEAUNABINTIINITAAUTEN AMNTUAININITFTLNALA WA NNEUNFABINIANET T5N7AD

o = > - o = A Ao a Ada A A s @ 4 A
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(lisozyme) %3885t (ethylenediamine tetraacetate,EDTA) Tuunansaianaldansviagessaniii vise

%

a1 L@ staFuicaesinganiy edAled (sodium dodecyl  sulfate, SDS)  dailuansdnulan
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@y o Y v = o X . - = P oA
(detergent) fildl &sinpansazananls mnAAnNguAsTuLAAIdEasuwAn uazinistandaesfidue
aanunaInEas Anuuastinllumaes ludueeuilayldarsiugnssuuaslisiueg ludauiils

dupausiallaatibiduenanaliunliusgns Inouanllshuuazenfiduiasan 3a9llunpa
1iWuaa (phenol) mazuaaszannznaullsiuls it linduerraafidueannznau wnfasnig

& @ a @ =3 ° ?/ dg/ 1 o ¥ LS & @ d} |
uwenanfidueaanainaduaiainisoni i uduneuiiduiy naldieulbianfidues (RNase) Taiflu

wulgdsatanfifule iNeduaniunanil fayleaduaifadnig

q
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Tuneuse lAanisiiAunanalf sanazneudagieane o8 AN NRINAL LAY IUUYHAN
eala o=y N ' Sy @ 4 s %
weaneaeanienldAaesiuea  (ethanol) Anuuasinluiumlendaannuiage  anadaf azldans

o A a s

v ! 1 £ 4
WugnasuAeRLEUeTeaN SIS ueRnAzNauatAurann antiuasgauaanagesTRaLFMn lans fazls

a @ = o 7% o 1 v aa = a aa a aad 173 o 8%
Aduenansni i nuludunewsiald answranmduentiananiane Tinisdamszidon
Aanamaail luiltiuiimafianaunsodsaszilitiarala ndiauiauaanaa 200 wald

lﬂl v a < % % o o a @ A a aa lﬂl o 4 dl A lﬂl
\HearnnBuaLAn azfiewinn1sdnEuimmEnezansatiapadanania b egdnHlsunM

= A o 3/ ' Y A Y i as a = v e = o

winzaniesnenaziin W ldAnwsielU1fvaald 3n1antenuaziinanugnieuiugngananiain
Yunnipduiadaens iaseadnn1sganauuad (spectrometer) TMAIN1INLANLTNULAZANNLITAND
wn3mdueNana i TnaazuansnailuAn1snanauLas (optical density,OD) ANNNIANAULAIHATILS

a

o o a a tﬂld
NumAUUTNNARINIALN ARRNYIADE
=

al a

Asuennsetinaaananiannanldne 3aeaaianingvaa (Gel electrophoresis) Ingianfe!
[ 73 dl o £ % a aa dl dl 1 Z// o ZJ/ dl a aa
nannsldnszua dnienilinseiiandanimasuntnuaaandauanlldadnan szazn1eingatinaaan
dl dl d’g 1 o/ 1 =) aa
rRaud A luasaz e iuauia gilie uaziFunulszqaululuans Tanasesnsaiisndanauin

Tunjaziadaunlddes wanannil Anududurasaaild sinresiives uazaunnresnszua Hn

1
a

utladendenasianisndeuivesnsatisnasnansg (FHiassnd guunne, 2556: 99-100)

AN NRUgIAINsINNdAnyuasHil sz Tamianatinapamatiantan s (PCR) WlumalAnns
al o a @ a o o a @ dl a g a a db
WNANUIUALEUE LNARANAADY TALIALILLLILNIANADIA21L891895 81NN ATWWEIIN 5 weTlail

a1 U LA L TP U UARUNINATUANUALVNFY NNFANANUILALEULIEAE N ATANT A SRR
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2. AARUUNNAWMAD 50-60 asAmaliagd Aaxin i infuefidnduiunduenssLFoua NIy

v 1
o ==

3. WNgUMANENATIAUDY 72-74 asAmaisa e liiaulsd Tag DNA polymerase 43190

¥ |

duansindueduluils Tnuedy dNTPs uanssesiu lunnsndensuilasay axininduwedug 1
Tanananafupduedugaiuiu 2 Tuiana
QI a o = dl QI £ o A '8 1 a =
4. \Wngounn il 94 esamalds INaGNsuNNNTenfraulutauAIL 30 781 HANAATDA
<3 o rg o 2 e 1 a < % dl
uwaInnIzuaunIidean g unsninliinasisalasnisuanaduesasnszualiiiegauinues

6 o a

ALHULE (U3uns PEIGNTNNA, 2550: 165-166)

2 MSARLABNLTIARLARAALAZNITLASLNLINLARS (Vector)

~ vl @ Ay =8 £% o a o e 1% ' 18
LN@iﬂﬂL@uLﬂﬂﬁl'ﬂdﬂﬁﬁ‘ﬁﬂH’] LA mmL@umm@ﬂmuuummmmniﬂluw nLeIag (vector) WIALAAT

a & [~ o 7 d' o = dlez = 7 o o A ¥ s
AALRULRUAUIALAN VI’]MH’WIM’]EILWIﬁ]@ﬂﬂ’]‘iﬂﬂ‘]ﬁf’]m’ﬂﬂlulf’ﬁ@@ Taa6 (host cell) ngenkinmasay

o

A
A
dp 1 o 8 6 % = QI % o o

1UDE VAN NN LR AR Lfmwmmmmmgmmmu'lumm AXBNFIILAN

o o

(origin of replication,or) Nal¥a N1Tna1a89FRLeald FasiAuuanfafaaeuladfaawng

(restriction zite) ManALMLaINe lFa N0 @aNsatiuRauladnlUlun nipesls wavazfadtiuidas

1
=

Tunsdniaan (selectable market gene) el lunasuandn Taasdiias i neasussqtiungasnig
Anmag Lnmaiiliasfeasiieananeiaslads s nnastanldhe waradia(plasmid)
wuameslaina (bacteriophage) 1WAiA (phagemid) uazAaaia (cosmid) (F1HI990W GuuUnNe, 2556:

110-113)

® waadA (plasmid)  AeAEREIAANTagN e lutaLUANFaaenRasy  uay ety
TAs T s NANANARINT 3D ANANUIUNTDANADIANEILAILDS N1IANABIFR UBINANGRA NABIULILABLLIL
stringen control ABA1ABNAIAILIANLIN 193NABIAIUBIEAR laas N1 liannsn N uanlidaaney

Taginazini? 189950 NNATLLAL N1TA1809FUIINANERNAR NULLAD relaxed  control  LTlWNg

1
a a

anaadfnlfatinedary lHaudun12aLn1saNae9fiiadmas e N0 lERWANANANNIUAIUILNIN
:’/ = a dl k% ] o =K a 173 a dld o o a dg/
UneARIanalnaaian ldanaaesialszinn 30-50 10 astonldrasnanalaninisanassdoTiingl

Tunnslaautiv (Frtassns guunnel, 2556: 113-115)
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o g as
5UN 7 waradianwu iy an e

N http://biotechlearn.org.nz

AruaNTTRraInanadnd miuinaumbueAe
w4 A e 2. = .
1. #a4d replicon WaNN AN TDLANANLINARLE LTAR LE /6 L
2. HEwAsaaunne (genetic marker) walddniaantaasniionnes nadaulunjazldausuenyfaouy

[~] al o =
WIUEUARLAAN

= ° [ a & . / o A v a AaA e
3. NuFndniulpaunLdule (cloning site) ﬂ‘ﬂ""}‘uuﬁ\lﬂ’}?@?”I\‘]W@’]@NV’W}NU?LQMWQWWLWWZ?I‘Q\‘]L@HVLGIJN

paNETNANN B U luLE ALY a1 i lAAUA AU LHUANL ALY LAZLARZANLALGTY

a A

%mwmwﬁmuuwmaﬁﬂ

q

Na @ , Ay o ¥ A g o P @ o 6w ) o ) =
4. NWLEULﬂ@QuV]1N@qLﬂuu@ﬂVI@!ﬂ L‘Wrﬂﬁl NANANANUAUIALAN V]']ELM\T']E]m‘ﬂﬂ’]?mﬂmﬂLL@:ﬁwum‘ﬂﬂq?'ﬂﬂT’]ﬂ

o

M ERNaHARWIUNIN (1FUnS dedgnsnena,2550: 90)

q

a

e Luawmaslawa (Bacteriophage) WulaFananmeluiumaiEy nnliuuanBainialsald uuame 3

)

Tawladilpsaieliduden Usznausdqalilsfiuwiein (capsid) wazansiugnssutinlaaiauiiame
\ulevizeanfidule Ald arsugnesniiaze gnsedaunia uuamesle aazlddaunalunisinzinmad

Taafudarinnisaaansiugnasudnly wanilasldlunislaautiuhe uwawesla wananilan (Lambda

1
cala

phage) WuuuawmesiawmannlFinansinmeluwuuanBe E.coli tadwaad laainianldlunnsiaan
Haulduuamesta wauanilan Hillasannfimnuanuisnlunisfududiunituieaunn ez inawan

Tle (Fatiasenu gquunnel, 2556: 116-120)
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917 8 wwAwmastaia

N http://textbookofbacteriology.net

® wafla (Phagemid) luwmninasgnuanaesiuamasiaalaznaIain dananiifne swaa-8n
= ° o P = L. ’ - o v o = a
ARAIN1TNANARIFLE AINTZH origin of replication @ mnsaunsnAadn iU lulSamteuuuanes -
Tawla (Fata9s0s guunnel, 2556: 120)

® pagiA (Cosmid) uwnnwasgnuanzasuuamesle iawaninuaznaiadia lireaialunig
AF191B9AYAUBIEIU (genomic library) WszANATIUNINTLALB WA Iunyuin 114
(F1iing3nu guunmsl, 2556: 121)

L% rd‘a v A . dl [~ a A all % nl/ a 1
wad laad nianld Ae Ecoli  Badlunusiizauwnsnaunnulenalllusssnand desenns

wnzidssuazldrazinan v daqiiuiinisiudganesiugues £.coli Wilamunainuanaieldly

NINAABININAUFIAINITH (F1HI9T0U GUunne, 2556: 110-111)

3. MeAsBLAUIgNRANWEaNIsARRRALAUIaLITNgIINIARS

ALBUIEGNNAN (recombinant DNA) Aamidulaftunsiasaingunsesnisiaaudi il

'8 o o o o/ 1 U a o A a dl [~
e N lelaan1senmes @asnfat1anisldnanatatlunneas) AanatanATaLWaLIL
Uaneflpuaziduiansnsoeiauladfnaniwizanamedny ialdlddaafaniuiantu antiuaadi
doundeanisAnenunsedniusaaeulmilaina udsiwaadanlsidnguaslass

(590U guunnel, 2556: 124-125)
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4. MSUNALAUIRYNAANLTNG L TARLEAA

A e A Aad @ gy Iy Y o o g yd & o ¥ - -
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=
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naenld matanldlunisinduegnuandnguadlaasdi 3 malinpe
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® Transformation ABNITLAUNNINLIARLEARIL (Uptake) TudruABUEAMNANEBENENGLIAA |4 11

nINEIAR laAFAARUAN e 11N19 M AaNEaL (heat shock Transformation)

'
o ol

® Transfection ldlunsaiaadia adidunongrislen Ing wnizaaddnd wazi neesnldazsies
Tdlduuameste wa wilaniWaduegnuandngu adlaanisldansadl duwaadaunasim wsald

nazua Wiianseguliteiumadueslaaiiladonsaieiuniduagnuandilil

® Transduction MiHamas agAIENTNWABLLATNITEYTA1N5E HianmasAanuAasiama N lalas

nsihansiugnesusniullsiuieriuaeslafaudodnindnduadlaasifmanscusunisuedlaia (s

99904 GUUNNEL, 2556: 125-126)

5. nMsARRANIEARlaRANNaUNARINTG
dll . M Yo g ¥ =KX v o A rallal rdl
Wasannadiaasuivaad W dfunnnesgnuasdill adies ARLRaNITARlaaRNNNINasH
v = £ A g o o a o
Fean1sAnEasnundDaluiuneugavinaaesnszuaunislaautiu i ldlae
= = o = 1 =
1. N1IRIARDUNTTUAANERNTBSEU TaNIsasaaans s Iung  (Phenotype) wulunsdinng
Trautiunaunsonanatsaugaudnlil Andenlaaflng fnAuaInNan1INaAA1TaUTAUNINATYL AN

a

FITNTIALAY YINTAS ld AU U RAMNA N0 IUN1TA519DUT AL LA LN AN UNTLLIUNNINAADILAD

a

P

Taasndua¥sanssenanald uanadnlaasmiuinimesnitunsasnisazdnsagnielu
A k% =K = dl % k% ada aaa i [~3 o )
® yFauINARINIIANEEUNAT AN UNTIuTLeNRTAY ( ampicillin) AaN1sonlfTaein

o‘ai 1 dy % dld ] ad a dal dldd 1 %
mmmmum:mumﬁﬂ@umL@ﬂﬂumm:“fgwnmmummmﬂqmﬂgmumumu TPauUNNEIUFAaANULN

=R Al

aqa o 1 a 434' ti/ % Aﬂl dl M Yo = ndl %
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Anedn i Aaglianunsnasydulald (Griiagsns guunwnt, 2556: 127-128)

2. manaasulaanisldmatialayuslamdu (Hybridization) Taaendunannisduivaesuagas
2 g a X ° o £ @ A = Y a
TuRidule 38n1slANEINNzge M ltaeldney (probe) FuilupduearaparuIndunfnaaN

Y o A o A aw - o § v a @ A A o o
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o o e o N Ay = Y o o A 6y |ana a o =
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a a

99904 GUUNNEL, 2556: 127-129)
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@Tumjﬂ\m\‘m%fmuwsﬂumimLLWJ ﬂ’]ﬁ‘ﬂﬂ‘]&ﬂ'ﬂum‘ﬁ@ﬂmmﬂmm%@ﬂLi@LﬂuﬁumL‘iﬂLﬂmmsl,u A.A. 1995 AR
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NM3AN®N AlUNYRY Haemophilus  Influenzae  Bawluimaaauyias

q

alsplaniuny Tazan1saluuny

1 =

°o o a A o LR = aa ° o | v
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Arabidopsis thaliana (U5un$ 183gn514979,2550: 318-324)

TulA.A. 1990 Hn1siEndiulasanisalunnyss (The Human Genome Project, HGP) #igl
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qatlszasAive Widhlansinauaesgulusanigresuyeduaniu bl a.A. 2001 An1sARNaIY
Tasennsalunnymeiariuiaaslunnsans Science Waza17a13 Nature AUNIzVia A.A. 2003
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“Darkly entertaining...Fascinating, frightening, and important. It reads like a thriller, but the

demons are real... Read this book and pray that its heroes can lock the demon back in the freezer.”

UNIANTUANN Jonathan Weiner Author of The Beak of the Finch

“Entertaining character... Impressive journalistic research... Filled with smallpox information
you didn’t get from the news...Preston gives the story amazing new depth and tension.”

UNIAN9UANN Chicago Tribune

“[Blend] terror, technology, and trivia...[Preston] had probably done more than any other
writer to establish a nationwide imperative to think about infectious agents as global threats and
potential weapons.”

UNIAN304aNn The New York Times Book Review
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® They work mainly with mice—the mouse is the standard animal used in biomedical
research. (Richard Preston, 2002: 264)
® On that same scale, a particle of smallpox would be a mulberry. (The particles of the
common cold are the smallest virus particles found in nature; a cold virus would be a
marijuana seed under the seat of the Volkswagen bus parked at Woodstock.)
(Richard Preston, 2002: 40)
® Mark Buller is a tall, lanky, self- effacing man in his fifties, a dual citizen of Canada and the

United States, with curly (265) black hair, a black mustache, intelligent brown eyes behind
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round glasses, and a voice that has an attractive Canadian softness. (Richard Preston, 2002:

264)
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® poxvirus = lafanend
® pox = lasawend
® Orthopox aasisnand
® Superpox = Tililasiend

® super variola = 7ililafa13lean
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( 1.) A person who dissects cadavers for the illustration of anatomical lecture or the like.
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® He often stopped to drop a line in the water on his way to and from work. (Richard Preston,

2002: 3)
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® TO CREATE, aconstruct virus, you start with a cookbook and some standard ingredients.
The basic raw ingredient in Chen's experiment was a vial of frozen natural wild-type

mousepox virus, which sat in a freezer around the corner from his work area. (Richard

Preston, 2002: 269)
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cookbook for virus engineering is a four volume series in ring binders with bright red covers;
entitled Current Protocols in Molecular Biology, published by John Wiley and Sons.” (Richard
Preston, 2002: 269) wazinnInanRedndnmidesunanaia szl Aduan

"Are you personally worried about engineered smallpox?"

"Yes, | am," he answered, holding the cookbook open as he spoke. (Richard Preston, 2002:

269)

i
A a o v X

\WaWansanansunulaassin@ulauila cookbook siaeiandn A997 e ligFuanmsiudn

o A 1 d”d 1 a dl v = =KX A o d’j
NNADLANVARANANINITINIG ‘LI‘V]LL‘]J@Vﬂﬁ@’]ﬂﬂ’]ﬁ‘LLﬂ@IﬁEIﬂ’ﬁmﬂQWN“’NNI"QWJ’]N AU

a

1 v 1 &
a % o a [ A

® °Lun’1€21§"m%§zﬁ1nm@3muu %L@Nﬁué’wﬁw%mquumummgm TRAUNUTIUINNNT

al 9 49
v

a A I~ o A o r:l/ a allal 1 tadl [ 1%
NAABITANALABITE D FAE A uA LR USALRNNNaE P NsTINT ANgnutudsTuanauiauay

wtneflugutudensayuNinauID9LN

5. Maunuimulalunmeninanianwaings
nsuf latloyunlnenanistiaznulunnsulaunAnassiaanun ldiesaiunstl Aaladandn
IL-4, IL-4 mousepox WaE IL-4 smallpox
A . dl [ % 3| s . a d‘ % & & A dl
IL-4 A8 Interleukin-4 (IL-4) Tedpidulalnlal (cytokine) alianilsafrsaniasidniaananqiing

| a Y A o v a =~ @ o " A 99, )
m‘ﬂ‘]_mu@\ﬁm@@ﬂﬂ?gﬂuﬂﬁﬂ@\‘]LLﬂ@ﬂﬂ@@NmLqu?qﬂﬂqﬂ NeNaulueneItadn  IL-4 LW@Iﬂﬂqﬂmfﬂﬂq?



54

! py o < A L= ~ Yo o =
B1ULATAINNTAR AN AL Bulenatane IL-4 slugm::f;lu agldaneeAdleulun1@ew
(IL-4) vamdlunisnanaie IL-4 lugnuehlsaufaslilddnemsie uiazdauadnllsiuiimwin Ae
T1lshu IL-4 faatnedszlampe

® The Australian team of mouse researchers led by Ronald Jackson and lan Ramshaw had
put the /L-4 mouse gene into mousepox and had created a superpox that appeared to

break through the mice's immunity. (Richard Preston, 2002: 263)
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® Mark Buller decided to create an /L-4 mousepox, to see if it would blow through a vaccine.

He wanted to get a sense of whether a human /L-4 smallpox could become a supervirus,
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and if so, what vaccination strategy for people would work against it. (Richard Preston,
2002: 265)
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® Anyone who had seen Los's face was assumed to have breathed smallpox particles.

(Richard Preston, 2002: 44)

® An engineered smallpox that triggered an AIDS-like immune suppression in people would

be no joke.(Richard Preston, 2002: 269)
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® Three to five mulberries of smallpox floating into the air out of the Woodstock dot on the
page would be invisible to the eye and senses, yet they could start a global pandemic of
smallpox. (Richard Preston, 2002: 40)
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® Mark Buller is a tall, lanky, self- effacing man in his fifties, a dual citizen of Canada and the
United States, with curly black hair, a black mustache, intelligent brown eyes behind round
glasses, and a voice that has an attractive Canadian softness. (Richard Preston, 2002: 264)
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® One at atime, he held a mouse in his hand, stuck the needle of a syringe into its foot, and
injected a drop of clear liquid. (Richard Preston, 2002: 264)
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SOMETHING IN THE AIR
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Journey Inward

OCTOBER 2-6, 2001
IN THE EARLY NINETEEN SEVENTIES, a
named Robert

British photo retoucher

Stevens arrived in south Florida to take a job

at the National Enquirer, which is published
in Palm Beach County. At the time, photo
retouchers for supermarket tabloids used an
airbrush (nowadays they use computers) to
clarify news photographs of world leaders
shaking hands with aliens or to give more

punch to pictures of six-month-old babies
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who weigh three hundred pounds.

Uaudgiraulatu

upiazlildraannniesuatiuniiulunisudann

Tuluasasalil

'
A g o

- neeuNAuRTU IR B NEr NN Wl 11Nt

o

=

Uananeazldsnvununy lunstinsuaiiyldsi

al [~3 Y o (%3 %3 =

e Az I TAIE NI AN TR UN U I UNT 1

A ineinegluiudnsuzmile
— do,

MUIEILAEN (Supra-segmental features) NEANANT

L% o ¥ v ° o 4
muauummmﬂuummmmﬂq

Stevens was reputed to be one of the best

photo retouchers in the business. The

Enquirer was moving away from stories

like "l Ate My Mother-in-Law's Head," and

the editors recruited him to bring some class
to the paper. They offered him much more

than he made working for tabloids in Britain.
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Stevens was in his early thirties when he
moved to Florida. He bought a red Chevy
pickup truck, and he put a CB radio in it and
pasted an American-flag decal in the back
window and installed a gun rack next to the
flag. He didn't own a gun: the gun rack was

for his fishing rods.

amudfingn §anasInn nauans AuaINAL

X A o o Ay = o ~ 2
WNTATD T ABNA AT AN LALIANITRAFY
a dl a a a i/dl v 1
e@deans Angll sernmawEn linuiasng
k2 o v :j/ a :l/ dl a4 Yy a
FuvAsnFanemasanangtiulidne aemm

1 v

N ldfuluasaunsas Aonetlutiuants

ANNFUINAUTI ARG

Stevens spent a lot of time at lakes and
canals around south Florida, where he
would spin-cast for bass and panfish. He

often stopped to drop a line in the water on

his way to and from work. He became an
Americancitizen. He would drink a Guinness
or two in bars with his friends and explain
the Constitution to them. "Bobby was the
only English redneck | ever knew," Tom

Wilbur, one of his best friends, said to me.
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Stevens's best work tended to get the
Enquirer sued. When the TV star Freddie
Prinze shot himself to death, Stevens joined
two photographs into a seamless image of
Prinze and Raquel Welch at a party
together. The implication was that they had
been lovers, and this sparked a lawsuit. He
enhanced a photograph of a woman with a
long neck: "Giraffe Woman." Giraffe Woman

sued.
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His most famous retouching job was on a
photograph of Elvis lying dead in his coffin,
which ran on the cover of the Enquirer.
Elvis's bloated face looked a lot better in
Stevens's version than it did in the

handiwork of the mortician.
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Robert Stevens was a kindhearted man. He
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filed the barbs off his fishing hooks so that
he could release a lot of the fish he caught,
and he took care of feral cats that lived in
the swamps around his house. There was
something boyish about him. Even when he
was in his sixties, children in the
neighborhood would knock on the door and
ask his wife, Maureen, "Can Bobby come
out and play?" Not long before he died, he
began working for The Sun, a tabloid

published by American Media, the company

that also owns the National Enquirer. The
two tabloids shared space in an office

building in Boca Raton.
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ON THURSDAY, September 27th, Robert
Stevens and his wife drove to Charlotte,
North Carolina, to visit their daughter Casey.

They hiked at Chimney Rock Park, where
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each autumn brings the spectacular sight of
five hundred or more migrating hawks
soaring in the air at once, and Maureen took
a photograph of her husband with the

mountains behind him.
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By Sunday, Stevens was not feeling well.
They left for Florida Sunday night, and he
got sick to his stomach during the drive
home.

On Monday, he began running a high fever
and became incoherent At two o'clock on
Tuesday morning, Maureen took him to the
emergency room of the John F. Kennedy
Medical Center in Palm Beach County. A
doctor there thought he might
have meningitis. Five hours later, Stevens

started having convulsions.
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The doctors performed a spinal tap on him,
and the fluid came out cloudy.

Dr. Larry Bush, an infectious disease

specialist, looked at slides of the fluid and

saw that it was full of rod-shaped bacteria

with flat ends, a little like slender macaroni.
The bacteria were colored blue with Gram
stain—they were Gram-positive. Dr. Bush
thought, anthrax. Anthrax, or Bacillus
anthracis, is a single-celled bacterial micro-
organism that forms spores, and it grows

explosively in lymph and blood.
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By Thursday, October 4th, a state lab had
confirmed the diagnosis.
Stevens's symptoms were consistent

with inhalation anthrax, which is caused

when a person breathes in the spores. The

disease is extremely rare. There had been
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only eighteen cases of inhalation anthrax in
the past hundred years in the United States,
and the last reported case had been

twenty-three years earlier.

k% 2
1 o o %

Tusay 100 witiu ARgATInaNiN1T9ee

AaLia 23 Tnau

ALty

The fact that anthrax popped into

Dr. Bush's mind had not a little to do with
recent news reports about two of the
September 11th hijackers casing airports
around south Florida and inquiring about
renting crop-dusting aircraft. Anthrax could

be distributed from a small airplane.
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Stevens went into a coma, and at around
four o'clock in the afternoon of Friday,
October 5th, he suffered a fatal breathing
arrest. Minutes later, one of his doctors
made a telephone call to the Federal

Centers for Disease Control and
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Prevention—the CDC—in Atlanta, and

spoke with Dr. Sherif Zaki, the chief

of infectious-diseases pathology.
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Sherif Zaki inhabits a tiny office on the
second floor of Building 1 at the CDC. The
hallway is made of white cinder block, and
the floor is linoleum. The buildings of the
CDC sit jammed together and joined by
walkways on a tight little campus in a green
and hilly neighborhood in northeast Atlanta.
Building 1 is a brick oblong with aluminum-
framed windows. It was built in the nineteen
fifties, and the windows look as if they

haven't been cleaned since then.
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Sherif Zaki is a shy, quiet man in his late
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forties, with a gentle demeanor, a slight
stoop in his posture, a round face, and pale
green eyes distinguished by dazzling
pupils, which give him a piercing gaze. He
speaks precisely, in a low voice. Zaki went
out into the hallway, where his pathology
group often gathered to talk about ongoing
cases. "Mr. Stevens has passed away," he

said. "Who's going to do the post?" someone

asked. A post is a postmortem exam, an
autopsy. Zaki and his team were going to do

the post.
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EARLY THE NEXT MORNING, on Saturday,

October 6th, Sherif Zaki and his team of
CDC pathologists arrived in West Palm

Beach in a chartered jet, and a van took
them to the Palm Beach County medical

examiner's office, which takes up two
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modern, one-story buildings set under palm
trees on a stretch of industrial land near the

airport.
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They went straight to the autopsy suite,
carrying bags of tools and gear. The
autopsy suite is a large, open room in the
center of one of the buildings. Two
autopsies were in progress. Palm Beach
medical examiners were bending over
opened bodies on tables, and there was an
odor of fecal matter in the air, which is the
normal smell of an autopsy. The examiners
stopped work when the CDC people

entered.
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"We're here to assist you," Zaki said in his
quiet way.The examiners were polite and

helpful but did not make eye contact, and
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Zaki sensed that they were afraid.

Stevens's body contained anthrax cells,
although he had not been dead long
enough for the cells to become large
numbers of spores.

In any case, any spores in his body were
wet, and wet anthrax spores are nowhere
near as dangerous as dry spores, which can
float in the air like dandelion seeds, looking

for fertile ground.
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The CDC people opened a door in the
morgue refrigerator and pulled out a tray.
The body had been zipped up inside

a Tyvek body bag.

Without opening the bag, they lifted the
body up by the shoulders and feet and

placed it on a bare metal gurney. They

rolled the gurney into a supply room and
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closed the door behind them.
They would do the autopsy on the gurney in
a closed room, to prevent the autopsy tables

from being contaminated with spores.
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The chief medical examiner of Palm Beach
County, Dr. Lisa Flannagan, was going to do
the primary incisions, while Zaki and his
people would do the organ exams.
Flannagan is a slender, self-assured
woman, with a reputation as a top-notch
examiner. Everybody gowned up, and they

put on N-100 biohazard masks, clear plastic

face shields, hair covers, rubber boots, and

three layers of gloves. The middle glove was

reinforced with Kevlar. Then they unzipped

the bag.
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The CDC team lifted the body up, gripping it
beneath the shoulders and legs, and
someone snatched the bag out from
underneath it. They lowered the body back
onto the bare metal deck of the gurney.
Stevens had been a pleasant-looking man
with a cheerful appearance. He was a bluish

color now, and his eyes were half open.
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Heraclitus said that when a man dies, a
world passes away. The terribly human look
on the face of the deceased man disturbed
Sherif Zaki. It was so hard to picture this

man in life and then to connect that picture
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with the body on the gurney.

This was the toughest thing for a prosector,
and you never got over it, really. Zaki did not
want to connect the living man with the
body. You had to put it aside, and you

could not think about it.
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1. A person who dissects cadavers for the
illustration of anatomical lecture or the like.

2. A person who performs autopsies to establish
the cause of death or the nature and seat of
disease. (‘ﬁlm : [online]

http://www.dictionary.com/browse/ prosector)

His duty now was to identify the exact type
of disease that Stevens had, to learn if he
had inhaled spores or perhaps had become
infected some other way. This might help
save lives. Yet cutting into an unfathomed
body was difficult, and after a hard post,

Sherif Zaki would not feel like himself for a
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week afterward. "It's not an uplifting

process," Zaki said to me.

Tailddunaunisiuiansusiiae”

The team rolled Stevens onto his side and

inspected his back under bright lights for

signs of cutaneous anthrax—skin anthrax.
They didn't find any, and they laid him back

down.
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(ﬁm :[online] http://www.boe.moph.go.th)

Dr. Flannagan took up a scalpel and
pressed the tip of the blade on the upper left
part of the chest under the shoulder.

She made a curving incision that went
underneath the nipples, across the chest,
and up to the opposite shoulder.

Then, starting at the top of the sternum, she
made a straight incision down to the solar
plexus. This made a cut that looked like a'Y,
but with a curved top. She finished it with a

short horizontal cut across the solar plexus.
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- sternum = nszgNUTNAN

(ﬁm: The Oxford-Duden pictorial Thai& English
Dictionary)

- solar plexus = T19UULUIZAINLTINLTRINE

(ﬁm: NECTEC Lexitron Dictionary EN-TH)
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The opening incision looked rather like the

profile of a wineglass.

Dr. Flannagan grasped the skin of the chest,
and pulled it upward, peeling it off. She laid
the blanket of skin around the neck. She
pulled the skin away from the sides of the
chest, revealing the ribs and sternum. She
took up a pair of gardening shears and cut
the ribs one by one, snipping them in a wide
circle front the sternum. This was to free the
chest plate, the front of the rib cage. When
she had finished cutting the ribs, she
pushed her fingertips underneath the chest

plate and pried it upward, as if she were

raising a lid from a box.
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As Flannagan lifted the chest plate, a gush

of bloody fluid poured out from under the
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ribs and ran down over the body and
poured over the gurney and onto the floor.
The chest cavity was engorged with bloody
liguid. No one in the room had ever done a
post on a person who had died of anthrax.
Zaki had studied photographs of autopsies
that had been done on anthrax victims in the
Soviet Union, in the spring of 1979, after a
plume of finely ground anthrax dust had
come out of a bioweapons manufacturing
facility in Sverdlovsk (Yekaterinburg) and
had killed at least sixty-six people
downwind, but the photographs had not
prepared him for the sight of the liquid that
was pouring out of this man's chest. They
were going to have quite a time cleaning up

the room.
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The bloody liquid was saturated with anthrax
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cells, and the cells would quickly start

turning into spores when they hit the air.
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Dr. Flannagan stood back. It was the turn of
the CDC team.The CDC people wanted to
look at the lymph nodes in the center of the
chest. Working gently with his fingertips,
Zaki separated the lungs and pulled them to
either side, revealing the heart.

The heart and lungs were drowned in red
liquid. He couldn't see anything. Someone
brought a ladle, and they started spooning
the liquid from the chest. They poured it off
into containers, and ultimately they had

ladled out almost a gallon of it.
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Zaki worked his way slowly down into the
chest. Using a scalpel, he removed the

heart and parts of the lungs, which revealed
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the lymph nodes of the chest, just below the
fork of the bronchial tubes.The lymph nodes
of a healthy person are pale nodules the
size of peas. Stevens's lymph nodes were
the size of plums, and they looked exactly
like plums—they were large, shiny, and dark
purple, verging on black. Zaki cut into

a plum with his scalpel. It disintegrated at
the touch of the blade, revealing a bloody
interior, saturated with hemorrhage. This
showed that the spores that had killed
Stevens had gotten into his lungs through

the air.
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When they had finished the autopsy, the
pathologists gathered up their tools and
placed some of them inside the body cavity.
The scalpels, the gardening shears,

scissors, knives, the ladle—the prosection
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ools were now contaminated with anthrax.

The team felt that the safest thing to do with

them would be to destroy them.
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They packed the body cavity with absorbent
batting, stuffing it in around the tools, and
placed the body inside fresh double body
bags. Then, using brushes and hand-pump
sprayers filled with chemicals, they spent
hours decontaminating the supply room, the
bags, the gurney, the floor— everything that
had come into contact with fluids from the
autopsy. Robert Stevens was cremated.
Sherif Zaki later recalled that when he was
ladling the red liquid from Stevens's chest,

the word murder never entered his mind.
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cotton or wool or of synthetic fibrous material
used fir lining quilts or for stuffing or packaging;
insulation (as

also a blanket of thermal

fiberglass) (ﬁm : www.merriam-webster.com)
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THE DAY BEFORE Robert Stevens died,

a CDC investigation team led by Dr. Bradley
Perkins had arrived in Boca Raton and had
begun tracing Stevens's movements over
the previous few weeks. They wanted to find
the source of his exposure to anthrax. They
believed that it would have to be a single
point in the environment, because anthrax
does not spread from person to person.
They split into three search groups. One
group flew off to North Carolina and visited
Chimney Rock while the other two went

around Boca Raton. They all had terrorism
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on their minds, but Perkins wanted the team
to make sure they didn't miss a dead cow
with anthrax that might be lying next to one

of Stevens's fishing spots.
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Working the telephones, they called

emergency rooms and labs, asking for any
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reports of unexplained respiratory illness or | nxdNaGelsAN wAUMNElaNasUBams | 1. Asthaneia

of organisms from a medical sample that a1l FviTa N AINTIMANNA2DLNINIINTUNNED (ﬁ'm. Anunl R dinsani )
might be anthrax. aaflumauauunsndiinase b o m e e e
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of the mail room at the American Media ol Ame dadudorunnieweesdadsn | 4 | . - 4.
. 7 PotlugtldaiuinulineasuiBuuinsenis
building, where Robert Stevens worked. aaaud wnelsnnig daaninaasn 18921 - o . -
o N\ pavagauAayn Mlataanisinnishlidaglug
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and the swab produced anthrax on a petri | uanulanazamaudldlainnsauvmaniantu | » , - e . o
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dish. Blanco and Stevens had not socialized | @nufdeAinannaznuiaaiuaantelumn s . e .
ANNUNTEUTrA 1899 swab B lEulals

with each other. The only place where their | 8311 NiAg . 4. s
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Media building.

- petri dish = A UNZLALN
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The zone of the suspected point source | UuAasasdEiuNIAARANNNAIIUALN | - swab kits = gadnatianinndiagi (swab
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shrank abruptly, and the CDC team went to
the American Media building with swab
kits. (A swab kit is a plastic test tube that
holds a sterile medical swab, which looks
somewhat like a Q-tip and has a thin
wooden handle. You swab an area of
interest, and then you push the swab into
the test tube, snap off the wooden handle,
cap the test tube, and label it. Later, the
swab is brushed over the surface of a petri
dish, and micro-organisms captured by the
swab grow there, forming spots and
colonies.) When they were running very
short of swabs, Perkins and his people

made a decision to test the mail bin for the

photo department of The Sun.
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The swab from the mail bin proved to be
rich with spores of anthrax. It was brushed
over a petri dish full of blood agar—sheep's
blood in jelly—and by late in afternoon of
the day the autopsy took place, colonies
and spots of anthrax cells were growing
vigorously on the blood. The spots were
pale gray, and they sparkled like powdered
glass—they had the classic, glittery look of

anthrax.
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Something full of spores must have arrived
in the mail. It meant that the point source of
the outbreak was nothing in nature. On
Sunday night, October 7th, Brad Perkins
telephoned the director of the CDC, Dr.
Jeffrey Koplan. "We have evidence for an
intentional cause of death of Robert
Stevens," he said to Koplan. "The FBI needs

to come into this full force."
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THE DREAMING DEMON
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Microscope

JANUARY 16, 1970

KARL HEINZ RICHTER was a smallpox expert
in the DUsseldorf office of the state health
department, a medical doctor with a kindly
face and a flop of hair on one side.

He wore stylish metal-framed eyeglasses and
a gray sweater under a jacket, which gave him
a comfy but up-to-date look. Dr. Richter, along
with a team of doctors and technicians,
analyzed the pus taken from Peter Los's skin.

They put a little dried flake of the pus in an

naBN9aNns AL
16 NNs1AN A.A. 1970

o ¢ a o v 12 ‘if
Asa land snieas Wuddosrnysume
=\ o L
WA (smallpox) 2898711911 IUNTEN I
a1s1InugIIesTIiniaRaanasi 111
A1FanN9ANHITTALUTIBNNINAT

e = v 1
N9uAng N lurEnaaulauuaZN IR LAN

1
= o

49 lRINEIURINIRLIAN N TIUALTE @9
o % dgj <

d” o al [3 d’ o b4
L@ﬂﬂﬂ1ﬂNW?N@ WMNALAREAAUAALTR TN A

v Y a o Y

WNQALNEWAARTIUANEFYE AT 3NIABTNIDN

poaAnszunnE LAz gmETyAumalla

ALAIILFNUAIAN LN ANLAITNIANNRINIUD

- electron microscope = ﬂé’@w@m?ﬁﬁ

a [~ v u‘d‘d o [ % 1%

Alanmsau undesqanssmininidsaensgald

Tun19AnE AN TN URINN8LaN TANAT 1LY
= o 1 v

snaaziaanie luaassacing e

(MN: wadnwaiuaz3an, 2548)

86




% o
AR

1 Tua

ANBEUNE

electron microscope—a tubelike instrument,
six feet tall—which could magnify an image up
to twenty-five thousand times. Then they took
turns looking into the viewing hood; they would

have to vote on the diagnosis.
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Dr. Richter saw a vista of exploded human skin
cells. Mixed in with the cellular debris were
thousands of small, rounded bodies that
looked like beer kegs. Some experts refer to
them as bricks. The view in the microscope
seemed vast, for magnified twenty-five
thousand times, the flake of pus would have
been an object nearly the size of a football

field, and the little bricks in it lumps the size of

raisins, and there could have been hundreds
of thousands of them in the flake. These

were virions of a poxvirus, and the vote was
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unanimous: this was smallpox.

. =1 o o rdl v
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- Pox = an old word meaning “smallpox”,

an old word meaning “syphilis”

(‘17{3\1’1 : Macmilian English dictionary, 2007)
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The pox bricks had a crinkly, knobby surface,
rather like a hand grenade—some experts call

this feature the mulberry of pox. (A mulberry is
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a small fruit, the size of a thumbnail, which
looks like a blackberry.) There are many
species and families of poxviruses; smallpox is
an orthopox, a poxvirus of animals. Poxviruses
are among the largest and most complicated

viruses in nature.
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A pox particle itself either makes or consists of
around two hundred different kinds of protein,
and many of the proteins are locked together
into the particle like a Chinese puzzle. Pox
scientists are slowly picking apart the structure
of the mulberry of pox, but so far nobody has

figured out the full design.
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Experts in pox find the pox virion mathematical
in its structure and almost breathtakingly
beautiful. At the center of the mulberry there is
an odd shape that looks like a dumbbell, which
scientists call the dumbbell core or

the dogbone of pox. Inside the dumbbell, or
dogbone, there is a clump of DNA, which is the
long, twisted, ladderlike molecule that contains
the genome of smallpox—the complete
blueprint and operating software for variola.
The steps of the ladder of DNA are the letters
of the genetic code. The genome of smallpox
has about 187,000 letters, which is one of the
longest genomes of any virus. Smallpox uses a
lot of this code to defeat the immune system of
its human host.

It has about two hundred genes (which make
the virus's two hundred proteins). By contrast,

the AIDS virus, HIV, has only ten genes. In
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terms of the natural design of a virus, HIV has | wintiu iWafiansananiseenuuulafasn | iellduiuiueudo
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Poxviruses are one of the few kinds of viruses

that are just large enough to be seen in the
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best optical microscopes (in which they look
like fine grains of pepper). The infinitesimal
palaces of biology extend far into the unseen.

It is hard for the mind to grasp just how small is
small in the microscopic universe of nature, but
one way is to imagine a scale of nature built on

the scale of the Woodstock music festival,

which took place in a natural amphitheater at

Max Yasgur's farm in Bethel, New York.
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It held up to a half-million people. Seen from
low orbit above the earth, the crowd of people
at Yasgur's farm would have looked something

like this:
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If a cell from the human body, in its natural

size, were placed on this representation of the

Woodstock festival, the cell would be an object

about the size of a Volkswagen bus parked at
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the real festival. Bacterial cells are smaller than
the cells of animals. If a single cell of E. coli
(the main type of bacteria that lives in the
human gut) were placed on the Woodstock on
this page, it would be an object the size of a
smallish watermelon, perhaps sitting on the

grass beside the Volkswagen bus.
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A spore of anthrax would be an orange. On
that same scale, a particle of smallpox would
be a mulberry. (The particles of the common
cold are the smallest virus particles found in
nature; a cold virus would be a marijuana seed
under the seat of the Volkswagen bus parked
at Woodstock.)

Three to five mulberries of smallpox floating
into the air out of the Woodstock dot on the
page would be invisible to the eye and senses,

yet they could start a global pandemic of

allafuavmeneuunsndaiaie e iuNagy
eI LA ENIRPIAUREINAUN 8L 1ATEY
dgl = al Y o 1

Gl R IR A A
(aynmaaslafanalsalduinsssunidulaa

a o A = X
‘Vlll‘sll‘mﬁﬂiéﬂﬁﬂL@ﬂV]ZﬂﬁV]WUiMﬁﬁ‘ﬁ‘Nﬂﬁﬁl Nl

1
o

Tnfaldnininaulaiumanaasinanas 1

wasniialndnaninunaanatluiaasian)

£3
=

TatlaeNilnsaaFiepdnenanda 3-5 Na

b

2 (3 dl = v
W@@ﬂﬂ%iﬂ@’m’]ﬂﬂ’]ﬂu@ﬂgﬂ@L‘]@WNL‘V]?;Iﬁ_lblﬁ

o

URALUNIZANHNAUNTING AN Hwilsae

AnUanuazdudaluls wafan1sanldine

94




% o
AR

1 Tua

ANBEUNE

smallpox.
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AS DR. RICHTER pondered the view in the
microscope, he was not unprepared for the
national emergency it implied. Three years
earlier, he had laid out a plan for what would
be done if smallpox broke out on his watch.
Now it was happening. He lined up an older
pox expert, Dr. Josef Posch, and they were
joined by another colleague, Professor Helmut
Ippen. They organized a quarantine at the
hospital, they got vaccine ready, and they

gathered biohazard equipment, which Richter

had previously stockpiled. He also made a
telephone call to the offices of the Smallpox

Eradication Program at the World Health

Organization (WHO) in Geneva, Switzerland,

asking for help.
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The WHO occupies a building constructed in
the nineteen fifties on a hill above Geneva. It is
surrounded by the flags of the world's nations.
In 1970, the Smallpox Eradication Program
(SEP) was a relatively new effort at the WHO—
it was inaugurated in 1966. The smallpox
program operated out of a cluster of tiny
cubicles on the sixth floor—the cubicles were
exactly four feet wide, but they had a
magnificent view southward across Lake
Geneva toward Mont Blanc. Although the
cubicles of the smallpox program were tiny
and jammed together, the unit had a deserted
feel, because at any given time more than half
of the staff members were away, dealing with

smallpox in various parts of the earth.
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Dr. Richter ended up talking with an American
doctor on the staff named Paul F. Wehrle, who

spoke a little German. Dr. Wehrle (his name
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sounds like whirly) was a tall, thin,

courtly epidemiologist with brown hair and
green eyes who had a habit of wearing a
jacket and tie with a white shirt when he went

into the field, because he felt that a well-

dressed doctor would inspire confidence in the

midst of the shit terror of a smallpox outbreak.
Wehrle now lives in quiet retirement with his
wife in Pasadena. "l have unfortunately turned
eighty," he remarked to me, "but fortunately |
have all of my hair, most of my teeth, and at
least some of my brain."

When Dr. Richter told him what was going on
in Meschede, Dr. Wehrle understood the

picture only too well.
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A single smallpox virus particle (virion) from a pustule in human skin. Negative conirast electron microscopy, magnified about 150,000 times, showing the
"mulberry" structure of the proteins on the surface of the particle. The photograph was made in 1966 by Frederick A. Murphy, who could be described as

the Ansel Adams of electron microscopy.

Diagram of a smallpox virus particle showing its surface and internal structure. lts dumbbell core (the dogbone) is visible; the dumbbell holds the genome
of the virus, which consists of about 187,000 letters, or nucleotides, of DNA. (Both images courtesy of Frederick A. Murphy, School of Veterinary Medicine,

University of California at Davis.)
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The WHO rule was to keep smallpox
patients out of hospitals, because they
could spread the virus all too easily—
hospitals are ampilifiers of variola. Smallpox
could essentially sack a hospital, infecting
doctors and nurses and patients, and from
there the virus would continue out into the
community and beyond.

The WHO recommended keeping smallpox
patients at home under the care of
vaccinated relatives. Since there was
nothing a doctor could do for a patient with
smallpox, it was just as well to keep the

patient away from doctors.
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Wehrle went down the hall to a double
cubicle that was occupied by a tall,
assertive medical doctor named

Donald Ainslie Henderson. Everyone called
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Henderson "D.A.," including his wife and
children. D. A.Henderson was the head of
the Smallpox Eradication Program. He was
six feet two inches tall, with a seamed,
rugged, blocky face, thick, straight, brown
hair brushed on a side part, wide
shoulders, big-knuckled hands, and a
gravelly voice. Wehrle and Henderson
discussed strategy, and Henderson made
some telephone calls. The young man in the
hospital at Meschede could start an
outbreak across Europe. Henderson told

Wehrle to go to Germany.
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Wehrle got a taxi to the airport, and that
afternoon he was on a flight to DUsseldorf.
Meanwhile, Henderson made arrangements

to have one hundred thousand doses of

smallpox vaccine shipped from Geneva to
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Germany immediately.

WHILE PAUL WEHRLE was en route to
Meschede, Dr. Richter and the German
health authorities got Peter Los out of the St.
Walberga Hospital—fast. The police closed
off the hospital, and a squad of attendants
dressed in plastic biohazard suits and with
masks over their faces ran inside the
building and wrapped Los in a plastic
biocontainment bag that had breathing

holes in it.
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He lay in agony inside the bag. The evac
team rushed him out of the building on a
gurney and loaded the bag into a biosafety
ambulance, and with siren wailing and lights
flashing, it took him thirty miles along

winding roads to the Mary's Heart Hospital
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in the small town of Wimbern. This hospital
had a newly built isolation unit that was
designed to handle extremely contagious
patients. The Wimbern biocontainment unit
was a one-story building with a flat roof,
sitting in the middle of the woods. They
placed Los on a silky-smooth plastic mat
designed for burn victims, and he hovered
on the edge of death.

Construction crews began putting up a

chain-link fence around the building.
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That same day, Dr. Richter and Dr. Posch
organized vaccinations for everyone at St.
Walberga, patients and staff alike. They
were given a special German vaccine that
was scraped into their upper arms with a
metal device called a rotary lancet, and then

the doctors and their colleagues conducted
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interviews, trying to find out who had come
into contact with Peter Los. Anyone who had
seen Los's face was assumed to have
breathed smallpox particles.

Twenty-two people were taken to the
Wimbern hospital and put into quarantine.
Everyone who had been in the south wing of
St. Walberga but had not seen Los's face
was placed under quarantine inside the
hospital, and they were ordered to remain
there for eighteen days.

Folding cots were brought in and set up in
the bathrooms, where the medical staff
slept. There wasn't enough room to hold
everyone, so the authorities took over a
nearby youth hostel and several small hotels
in the mountains and put people there, too.
After a hospital worker escaped from

quarantine and went home to his family, the
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authorities boarded up the doors of St.
Walberga and nailed them shut, and
stationed a police cordon around the

hospital

uarnautnulinasaunia

Paul Wehrle arrived in Meschede on the
evening of January 16th, having traveled by
train from DUsseldorf. He was met at the
station by Richter and Posch. (Richter did
the driving, since Posch had lost an arm in
the Second World War.) They took Wehrle to
a hotel, and they stayed up most of the
night, planning a quarantine and vaccination
campaign.

The Germans wanted to vaccinate people
with the special German vaccine, but
Wehrle did not trust it. It was a killed vaccine
that the German government had been

using for many years, but the WHO
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doctors believed it didn't give people much
immunity. "The German vaccine had one
small problem. It didn't work," Wehrle
claims. "It was as close to worthless as a
vaccine can be, only | couldn't say that to
the Germans and live, because they tended
to be a bit protective of their vaccine." He
liked and respected the German experts
and didn't want to offend them, but he
gently urged them to give everyone at the
hospital a second vaccination with the WHO
vaccine. It couldn't hurt to have two
vaccinations and might help, he said, and
they agreed. He also persuaded them to
use the WHO vaccine for the larger

vaccination in Meschede.
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The WHO maintained a stockpile of millions

of doses of smallpox vaccine in freezers in a
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building in downtown Geneva they called
the Gare Frigorifigue—the Refrigeration
Station. Much of the vaccine in the freezers
had been donated to the Smallpox
Eradication Program by the Soviet Union.
The traditional vaccine for smallpox is a live
virus called vaccinia, which is a poxvirus
that is closely related to smallpox.

Live vaccinia infects people, but it does not
make most people very sick, though some
have bad reactions to it, and a tiny fraction
of them can become extremely sick and can

die.
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A staff member from the Gare Frigorifique
drove a couple of cardboard boxes full of
glass ampules of the Russian vaccine to the
Geneva airport—one hundred thousand

doses took up almost no space. The
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vaccine did not need to be kept frozen,
because after it was thawed it would remain
potent for weeks. Thousands of smallpox-
vaccination needles were also shipped to
Germany. They were a special type of
forked needle called a bifurcated needle,
which has twin prongs.

As quickly as possible, the German health
authorities organized a mass vaccination for
smallpox all around the Meschede area.

This was known as a ring-vaccination

containment. The smallpox doctors intended
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to encircle Peter Los and his contacts with a
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blaze of variola at the center would not find
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any more human tinder and would not roar

to life in its host species.

- The smallpox doctors intended to encircle
Peter Los and his contacts with a firewall of
immunized people, so that the tiny blaze of
variola at the center would not find any more
human tinder and would not roar to life in its

host species Mnaianisudadsslaamaeanis
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Meschede came to a halt. People left their

Waswamae veatein hldansa gauniiu

- A fear of pox—a pocken-angst = AN

108



¥ o
ALl

atTuwla

ANBBLNE

jobs and homes, and lined up at schools to
be vaccinated, bringing their children with

them. A fear of pox—a pocken-angst—

spread across Germany faster than the
virus.People who drove in cars with license
plates from Meschede found that gas
stations wouldn't serve them, nor would
restaurants. Meschede had become a city

of pox.
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Nurses and doctors gave out the vaccine. A
person who was working as a vaccinator
would stand by the line of people, holding a
glass ampule of the vaccine and a small
plastic holder full of bifurcated needles. The
vaccinator would break the neck of the
ampule and shake a needle out of the
holder. She would dip the needle into the

vaccine and then jab it into a person's upper
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arm about fifteen times, making bloody
pricks. You could have blood running down
your arm if the vaccination was done
correctly, for the bifurcated needle had to

break the skin thoroughly.

NTNEqRIni

Each glass ampule was good for at least
twenty vaccinations. As people passed in
the line, a vaccinator could do hundreds of
vaccinations in an hour. Each needle was
put into a container after it had been used
on one person. At the end of the day, all the
needles were boiled and sterilized to be

used again the next day.
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Each successfully vaccinated person
became infected with vaccinia. They
developed a single pustule on the upper
arm at the site of the vaccination. The
pustule was an ugly blister that leaked pus,

and oozed and crusted, and many people
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felt woozy and a little feverish for a

couple of days afterward, for vaccinia was
replicating in their skin, and it is not a very
nice virus. Meanwhile, their immune systems
went into states of screaming alarm.
Vaccinia and smallpox are so much alike
that our immune systems have trouble telling
them apart. Within days, a vaccinated
person's resistance to smallpox begins to

rise.
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Today, many adults over age thirty have a
scar on their upper arm, which is

the pockmark left by the pustule of a
smallpox vaccination that they received in
childhood, and some adults can remember
how much the pustule hurt.

Unfortunately, the immune system's

"memory" of the vaccinia infection fades,
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and the vaccination begins to wear off after | JfiATuarBuanaanasaInnistisudaguly

about five years. Today, almost everyone il flaqiiuneuynauiaelFiudadiusesiu
who was vaccinated against smallpox in Tsalpnumewfinazgoydesyuu)RAuiuhl
childhood has lost much or all of their NaunNA

immunity to it.
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because by then the virus will have
amplified itself in the body past the point at
which the immune system can kick in fast

enough to stop it.

The doctors had started vaccinating people
at St. Walberga Hospital five and six days
after Peter Los had been admitted. They

were closing the barn door just after the

horse had gone.
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- They were closing the barn door just after the
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The incubation period of smallpox virus is
eleven to fourteen days, and it hardly varies
much from person to person. Variola
operates on a strict timetable as it amplifies

itself inside a human being.

sveivinsnaadlnfanalsmtpnsna 11-14 41
uazazliuanAtreiuunlulsazay 013laan
ALNNIUATIAINANTII AN AT WA N TN

F9L89519N IR AN ]

113




¥ o
ALl

atTuwla

ANBELNE

SUPERPOX
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UNANSWERED QUESTIONS hung over
variola, and not just the question of whether
ring vaccination would work if there was a
terror attack with smallpox. The more
troubling question was how molecular
biology would affect the future of smallpox.
Poxviruses are used in laboratories all over
the world precisely because they are
easily engineered.

Commercial kits for the process are
available at no great cost. It should not be
forgotten that the director of the Iraqgi virus-

weapons program, Dr. Hazem Ali, was a
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pox virologist trained in England, and one
assumes that he is not the only professional
bioweaponeer in the world with advanced

credentials in biology.
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The Australian team of mouse researchers
led by Ronald Jackson and lan Ramshaw
had put the IL-4 mouse gene into mousepox
and had created a superpox that appeared
to break through the mice's immunity. The

Jackson-Ramshaw virus was harmless in

people, but it seemed to be devastating in

immunized mice.
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- The Jackson-Ramshaw virus = Ta3aaa3udndu

wsngad wilalnanisiudnsiaannzaegnases
o o Z// =X o = =

WATHLALLLATIFHANTY ANIUASHNNNEE LT

Tudlfinnmudnlasaan

a

Bioterror planners wondered: if the human

IL-4 gene were put into smallpox, would it
transform smallpox into a super variola that
would devastate immunized humans?

The Jackson-Ramshaw virus had been a
narrow beam of light shining across a dark
landscape of the future. It had shown dim

outlines of virus weapons to come.
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When an experiment gives a result, the first
thing scientists do is try to repeat the
experiment to see if they can get the same

result. The essence of the scientific method
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lies in the repeatable result: if you perform
an experiment in the same way, nature will
do the same thing again.

This is the heart of science and is the sign
that an observable phenomenon in nature
has been found. Would the results of the
Jackson-Ranishaw experiment bear out?
Could a poxvirus be engineered to crash

through a vaccine?
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ONE DAY in early 2002, | parked my carin a
downtown neighborhood of St. Louis and
walked along an uneven sidewalk toward
the St. Louis University School of Medicine.
The neighborhood is humble but neat, and
is largely African-American. There are row
houses with porches tucked up against the
street. American flags hung from several

porches or were on display in windows. The
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school of medicine is a stately neo-Gothic
brick building, trimmed with pink midwestern
sandstone, and on that day it glowed with

warmth in winter light.
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The facade gives way to a concrete,
fortresslike structure, five stories tall, with
small windows, where the research
laboratories are located. In a group of rooms
on the fourth floor, a pox virologist named
Mark Buller leads a group of researchers

who do experiments with mousepox virus

and with vaccinia. They work mainly with
mice—the mouse is the standard animal
used in biomedical research. Most of the
important discoveries about how our
immune systems work were made originally

in experiments done with mice.
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Mark Buller is a tall, lanky, self- effacing man
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in his fifties, a dual citizen of Canada and
the United States, with curly black hair, a
black mustache, intelligent brown eyes
behind round glasses, and a voice that has
an attractive Canadian softness.

He grew up in Victoria, British Columbia. He
often walks around the lab in nylon wind
pants, a T-shirt, and running shoes. He
keeps a spare jacket and tie hanging on the
wall of his office, in case an important
meeting comes up. Buller is known and
respected among pox virologists, although
he seems to deliberately avoid the limelight.
"My goal in life is to be prominently in the

shadows," he said to me.
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Buller began hearing a lot about the
Jackson-Ramshaw experiment from Peter

Jahrling and Richard Moyer. Right after it
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was published, Moyer, especially, raised
alarms—he began saying, quietly, to Buller
that either he or Buller should try to repeat
the experiment. The Australian smallpox
expert Frank Fenner had advised Jackson
and Ramshaw to publish their work, partly
on the grounds that nobody would really
make an IL-4 smallpox, since it might be too
devastating and perhaps even suicidal. In
the wake of September 11th, the release of
a genetically engineered smallpox into the
United States did not seem quite so

impossible.
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Mark Buller decided to create an IL-4
mousepox, to see if it would blow through a
vaccine. He wanted to get a sense of
whether a human IL-4 smallpox could
become a supervirus, and if so, what

vaccination strategy for people would work
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against it. | arrived at Buller's lab as the
experiment was getting under way. | wanted
to hold an engineered superpox in my
hands and get a feel for where the tide of

modern biology was taking us.
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MARK BULLER leaned back at his desk, his
hands clasped behind his head. His office
was crowded with books and papers, and
there was an exercise mat on the floor. On a
whiteboard on the wall, his daughter,
Meghan, had drawn a caricature of him as a
science nerd, with Coke-bottle spectacles, a
brushy mustache, and a bunch of pens in

his shirt pocket.
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"If there is a bioterror release of smallpox,
currently the main strategy is ring
vaccination," he said. "In order for ring

vaccination to work, the vaccine has to
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block severe smallpox disease in people.
But what if a smallpox that's expressing IL-4

blocks people's immune responses?”
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Buller explained that his group would make
four different engineered mousepox virus
strains. They would all have the IL-4 gene in
them, but they would be slightly different
from one another. One of them would be
almost the same as the Australian

engineered pox. "We want to get a feeling

for what the IL-4 gene does in mousepox,"
Buller said. "l've always found that
whenever | try to predict Mother Nature I'm

wrong."
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Buller's lab was a group of rooms with white
floors and cluttered black counters and

shelves. Four or five people were working on
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different projects, and it was a crowded
place. In a corner, under a window, a
scientist named Nanhai Chen was in the
middle of the virus engineering.

He was working at a counter that was three
feet long and a foot and a half wide. Virus
engineering doesn't have to take up much
real estate. Mousepox virus, even
engineered mousepox, is harmless to
humans, because the virus simply can't
grow inside the human body, so the work

was safe for the people in the room.
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Nanhai Chen is a quiet man in his late
thirties. He grew up on a collective near
Shanghai called the Red Star Farm, where
his father was a farmer and where some of
his sisters still live. In high school, Chen

decided he liked biology, and he went on to
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have a fast track career at the Institute of

the Chinese Academy of

v a dl o o a
W Feunantiuliainenues

An11TuNN AN NN AERSN13taarTulee

Virology at

Preventive Medicine in Beijing, which is

probably the top virology (267) center in
China.
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He became an expert in the DNA of vaccinia
virus. Mark Buller hired him out of China.
Nanhai Chen has a fuzzy crew cut , hands
that work rapidly, wire-rimmed spectacles,
and restrained manners.

He and his wife, Hongdong Bai, who is also
a molecular biologist, have given their
children American names, Kevin and
Steven. He wears only two outfits, one for
winter and one for summer. His winter outfit
is a blue cotton sweater, blue slacks, and
white running shoes. | spent days with Chen

during the time he engineered the mouse
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supervirus. "It's not difficult to make this
virus," he said to me one day. "You could

learn how to do it."

o
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A VIRUS that has been engineered in the

laboratory is called a recombinant virus.

This is because its genetic material—DNA

or RNA—has genes in it that come from

other forms of life.
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- Gene (B1) Pad1saWINALEUBaENE T
TasTulaa i AnuaLas ALANANHOIZNIY

o QI alaa dl o/ = a
WUFNITNUNAIHTIR (NN:ANNTAINEN)

These foreign genes have been inserted into
the virus's genetic material through the
process of recombination. The term
construct is also used to describe it,
because the virus is constructed of parts
and pieces of genetic code—it is a designer

virus, with a particular purpose.
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The DNA molecule is shaped like a twisted
ladder, and the rungs of the ladder—
the nucleotides—can hold vast amounts

of information, the code of life.
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A gene is a short stretch of DNA, typically
about a thousand letters long, that holds the
recipe for a protein or a group of related
proteins. The total assemblage of an
organism's genetic code—its full
complement of DNA, comprising all its

genes—is the organism's genome.
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Poxviruses have long genomes, at least for
viruses. A pox genome typically holds
between 150,000 and 200,000 letters of
code, in a spaghettiike knot of DNA that is
jammed into the dumbbell structure at the

center of the pox particle.
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The poxvirus's genome contains about two
hundred genes—that is, the pox particle has
around two hundred different proteins.
Some of them are locked together in the
mulberry structure of the particle. Other
proteins are released by the pox particle,
and they confuse or undermine the immune
system of the host, so that the virus can
amplify itself more easily.

Poxviruses specialize in releasing signaling
proteins that derange control systems in the
host. For example, insect poxes release
signals that cause an infected caterpillar to
stop developing and grow into a bag

packed with virus.
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The human genome, coiled up in
the chromosomes of every typical cell in the
human body, consists of about three billion

letters of DNA, or perhaps forty thousand
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active genes. (No one is certain how many
active genes human DNA has in it.) The
letters in the human genome would fill

around ten thousand copies of Moby-Dick: a
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person is more complicated than a pox.

= -dl o Y ' o
@IMNVIGﬁUGﬁﬂuN’]ﬂﬂ’)’]VLQ?@

AN (ﬁm: thaibiotech.info)

- Moby-Dick Tndan = 2930unssuiraaifianilseiug
TPeINI AL LN3AY HUUIANUUNNINWANFAGT
ANNANINANTEY HA1101 864 Utin

¥

(Tayaandsinfinw Modern Library)
NR1U9U 625 1 ( dayaandtinfiuw Penguin
Classics ) fuilatinangn “laumun” aqll ivedals

snnuiazaunsnussqtiuaeuyseagll1s

o a ¥ % dl = = 1
- pox = 958 anuTundnesudelnn e udieuan
InFananduudauinalunnaandnlniaainau vl
U dld 1 v a % al
fJuilanfiaaindn gliauseanisazifauiauaung
= o o Ao = = = . 2
Alunaasnyeiylhiandaunnalagnanngn A
fuiladsiaanuilanidn pox luntdnlafa” ivedadn

U S S SO d

wifust lnFaniatunnananga fdeludanunsnaziey
A ue9Tesatunaued 6 uazluunulaléfinad
! ud ” dl U Y % | P
41 “Alun” aaenapuligadnladuyees

= Ao v , = o
AlunRdudauuInniNaluneaslafa

129




¥ o
ALl

atTuwla

ANBELNE

The IL-4 gene holds the recipe for a
common immune system compound

called interleukin-4, a cytokine that in the

right amounts normally helps a person or
a mouse fight off an infection by stimulating
the production of antibodies.

If the gene for IL-4 is added to a poxvirus, it
will cause the virus to make IL-4. It starts
signaling the immune system of the host,
which becomes confused and starts making
more antibodies.

But, paradoxically, if too many antibodies
are made, another type of immunity goes

down—cellular immunity.
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Cellular immunity is provided by numerous

kinds of white blood cells. When a person
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dies of AIDS, it is because a key part of his
or her cellular immunity (the population

of CD4 cells) has been destroyed by HIV
infection.

The engineered mousepox seems to create

a kind of instant AIDS-like immune

suppression in a mouse right at the moment
when the mouse needs this type of immunity
the most to fight off an exploding pox
infection.

An engineered smallpox that triggered an
AIDS-like immune suppression in people

would he no joke.
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TO C R E ATE, a construct virus, you start
with a cookbook and some standard
ingredients. The basic raw ingredient in
Chen's experiment was a vial of frozen

natural wild-type mousepox virus, which sat
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in a freezer around the corner from his work
area.

The other basic ingredient was the mouse
IL-4 gene. Chen's cooking, so to speak,
involved splicing the gene into the DNA of
the poxvirus and then making sure the
resulting construct virus worked as it was

supposed to.
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Chen ordered the IL-4 gene through the
Internet. It cost sixty-five dollars, and it came
by regular mail at Mark Buller's lab in
November 2001, from the American Type
Culture Collection, a nonprofit institute in
Manassas, Virginia, where strains of micro-
organisms and common genes are kept in
archives.

The gene arrived in a small, brown glass

bottle with a screw top. Inside the bottle was
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a pinch of tan-colored dry bacteria—E. coli,
bacteria that live in the human gut.

The bacterial cells contained small rings of
extra DNA called plasmids, and the
plasmids held the IL-4 gene.
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The IL-4 gene is a short piece of DNA, only
about four hundred letters long, and it is one
of the most common genes used in medical
research. To date, more than sixteen
thousand scientific papers have been

written on the IL-4 gene.
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The standard cookbook for virus
engineering is a four volume series in ring
binders with bright red covers;

entitled Current Protocols in Molecular

Biology, published by John Wiley and Sons.

Nanhai Chen took me to a shelf in the lab,
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pulled down volume three of Current
Protocols, and opened it to section 4,
protocol 16.15, which describes exactly how

to put a gene into a poxvirus.
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If anyone puts the IL-4 gene into smallpox,
they may well do it by the book. "This cannot
be classified," Chen said, running his finger
over the recipe. "No one ever thought this
could be used for making a weapon. The
only difficult part of it is getting the smallpox.
If somebody has smallpox, all the rest of the

information for engineering it is Public."
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"Are you personally worried about
engineered smallpox?"

"Yes, | am," he answered, holding the
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Genetically Modified Organisms —GMOQOs)
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cookbook open as he spoke. "l was talking
last week with my mentor in China. His name
is Dr. Hou, and he's a very famous virologist
in China. He told me the Russians have

a genetically modified and weaponized

smallpox. My mentor didn't say where he
learned this, but | think he has good access
to information, and | think it is probably true.
Smallpox was all over the world thirty years
ago. It could be anywhere today. It's not
hard to keep back a little bit of smallpox in a

freezer."

4 X0 o oA
@slLifaquﬂuwﬁﬂmmmmﬂuﬂixmmuma

o

Flpvinudnies wnaang. g uwinlnsa

I |
aad =

AnenNTadsauinlulssmAIy Wuanauu

Inuilsvinadamainisdaulaaiugnasauas

meidedinelnanaduegs wnf e
uanusanuzdn lfdeyantain i usnuangn
8192¥A30 b ngziadntaumasdayan’)
1% e 30 Tiudnidedanmedinlan nawil

o

uanaaef luuils lenfiasiudetnnels

o

nilavvdes lugugude”

a = = 4 | a %
- HNMgLeed Limumuwuﬂu@lﬂuﬁﬁmm ATULRA

WIARTINTA

| will omit the subtleties of Chen's work for
the sake of general readers, but the outline
of a recipe for making the biological
equivalent of an atomic bomb is in these
pages.

| would hesitate to publish it, except that it's
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already known to biologists; it just isn't
known to everyone else. It doesn't take a
rocket scientist to make a superpox. You do
need training, though, and there is a subtle
art to virus engineering.

One becomes better at it with experience.
Virus engineering takes skill with the hands,
and in time you develop speed. Chen felt
that with a little luck he could engineer any
sort of typical construct poxvirus in about

four weeks.
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Chen took the little brown glass bottle of dry
bacteria that contained the IL-4 gene

and cultured the bacteria in vials. Then he
added a detergent that broke up the
bacteria, and he spun the material in

a centrifuge.
The cell debris fell to the bottom of the

a o v a 301 < a a 4
BUNALA AT AR JULANURIULATILTEI LI
dldd 1 d’j Y v
nuelw /IL-4 ﬂgNWLWWﬁL@EQIMﬂQﬁLLﬂ'J@’Jﬂ
XX o @ y Ao
ANNTALNITA ANNWUR LMA1TLANNANE

o Y = o y A P
wuanEe uavasin lUulueseanyumne

WPIHTAFAZANANGIUNADA LFNNAIANATD

Aldueaziauantat TuduIRmAY 1111

|

- Culture HAMNUNEVAIEAIINNNE Fail

a = ¢

1. (W) munefeqauviedniasey et jifnag

Q
¥

a al a a
2.(N787) NTNIZLALNFAUNTE
ai a a
(U ﬂmmmmmmmm)
= a 7 o o = a
LLﬂ@‘Emﬂmimmmmnmumﬂmm’mmmmmm

. X X
ANstnEa N zLas

136




sl atuuwla ANBELNY
tubes, but the DNA plasmid rings remained mmmmﬁqnmfgﬁmuﬂmshuusiummmmm - Detergent = @918
suspended and floating in the liquid. He ran | 1an WHUN9R9REANALALEUENNEL /L-4 (d N Aty A minunaaniw)

this liquid through a tiny filter. The filter
trapped the DNA that held the IL-4 gene. He

ended up with a few drops of clear liquid.
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Next, Chen spliced some short bits of DNA,

known as promoters and flanking

sequences into the plasmid rings. He did
this basically by adding drops of liquid.
Promoters signal a gene to begin making
protein. The various promoters were going
to cause the strains of engineered
mousepox to express the IL-4 protein in
differing amounts and at different times in
the life cycle of the virus as it replicated in

cells.
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The next step was to put the engineered
DNA into the virus, using a genetic-

engineering kit called a transfection Kkit.

Transfection is the introduction of foreign
DNA into living cells. A transfection kit is
essentially a small bottle filled with

a reagent, or biochemical mix;

a bottle of it costs less than two hundred
dollars. You can order transfection Kits in

the mail from a variety of companies. Nanhai
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Chen used the Lipofectamine 2000 kit from

Invitrogen.
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Chen grew monkey cells in a well plate, and

then he infected them with natural

mousepox virus. He waited an hour, giving
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the virus time to attach to the cells. Then he
added the IL-4 DNA, which he'd already

mixed with the transfection reagent.

He waited six hours. During that

time, the IL-4 DNA was taken up into the
monkey cells, which were also infected with
natural mousepox. Somehow, the IL-4 DNA
went into some of the mousepox particles,
and the IL-4 gene ended up sitting in the

DNA of the mousepox virus.

Nal

laulTas uaaeldALAURNREY /L-4 Nan

naniugn s ilusianszindfAsenlu

N22U9UN1INTUAANTY (transfection

reagent) a4y

@ o = y P
N9aLluan 6 F 9 B9 IUTIATALEULD

dldd v ] o‘é’ dl a dla dgj
B IL-4 azdndaadite fiarasdannniTe
a o eaa a
AL M T I R HE R T
atnslafimupLEeNNEY IL-4 azidngdounia
d” ) v A <3
UNAYNATBITONANENY WADE /L4 fiaz
dnlded luniduevesmelaialanmmy lu

Y d
nnengn

M9961 (literal translation) WAZLNNAIBBUNHIANTEEU
N7 1H9IUTDIANU ATUNARBIULLNGHNIAILNA

a al :l/ o dl ai a a
ARA NNIANEUsLuUAmany NenTle nelawu

1 [~] dla val ?/ 1 =3
tlagpanitlung wuuntenlENAUALLL 4 NauDs
WL 96 g I%éwﬁ*umﬁf‘gmm@@mL%mﬁmium

Tludntivmaqauvistirartaanaulaliimnziaes

- Transfection reagent = @130 dusansenn
Uizen wnszuaunismauamadu ulalaenis

v 1
afungANmNneislsslauasldTan mdannwas

EESORIEAY

Chen had long days of work ahead of him,

for he had to purify the virus

strains. Purification of a virus is a core

technique in the art of virus engineering.
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A VIRUS is a very small object, and the only

way to handle it is to move around cells that
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are infected with it. A poxvirus growing in
the layer of cells at the bottom of a well plate
will kill the cells, forming dead spots in the
layer. These spots are like the holes in a
slice of Swiss cheese, and they are known
as plaques. You can remove the dead or
dying cells with a pipette. The cells that
come out of that spot will contain a pure

strain of the virus.
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"Would you like to do some plaque picking?"
Chen asked me one day. He led me into a
small room behind his work area, where
there were a couple of laboratory hoods, a
couple of incubators (which are

warming boxes that keep cell cultures alive),

and, tucked away in a corner, a microscope
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with binocular eyepieces.
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- cell culture = ARMNIZIALN11A1NT

LUAAINNUANIYLLLIBITNF

Chen put on a pair of latex gloves, opened
the door of an incubator, and slid out a well
plate. It had six wells, glistening with red
cell-culture medium, and a carpet of living
cells covered the bottom. He carried the
well plate across the room and placed it on
the viewing stand of the microscope. You
could see with the naked eye the holes in
the cell layers.The cells were infected with a

strain of engineered IL-4 mousepox.
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| sat down at the microscope, and Chen
handed me a pipette that had a cone-
shaped plastic tip with a hole in it, like a very
fine straw. You put your thumb on a button

on the pipette, and when you pushed the
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button you could pick up a small amount of

liguid and deposit it somewhere else.

| was beginning to feel a little strange. We
were handling a genetically engineered
virus with nothing but rubber gloves.

"You're sure it's not infective?"

"Yes, it is safe."

| sat down at the microscope and looked
into a carpet of monkey cells growing at the
bottom of a well. Each cell looked like a fried
eqgg; the yolk in the cell was the nucleus.

| started looking for holes in the carpet,

where the virus would be growing.
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"l can't find any plaques," | said. | began
moving the well plate around. Suddenly, a
huge hole appeared. It was an infected
zone, rich with engineered virus. The cells

there were dying and had clumped up into
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sick-looking balls. The cells had caught the
engineered pox. | was holding the pipette in
my right hand. | maneuvered the tip into the
well plate. "l can't see the tip," | said, jabbing

it around in the well.
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| was wrecking Chen's careful work, but he
made no comment. Then the tip of the
pipette heaved into view. It looked like the
mouth of a subway tunnel.

"You need to scratch the cells off," Chen
said.
| moved the tip around, scraping it over the
sick cells. | let the button go, and a few cells
were slurped up into the pipette. Chen
handed me a vial, and | deposited a picked
plague of engineered poxvirus into it.

"l don't think I'd make a good virologist."

"You are doing fine."
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The work of creating four engineered
mousepox strains took five months—the
work was painstaking, and Chen had to
check and double-check every step of the
process.

He believes that the total cost of laboratory
consumables ran to about a thousand
dollars for each strain. Virus engineering is
cheaper than a used car, yet it may provide
a nation with a weapon as intimidating as a

nuclear bomb.
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IT WAS TIME to infect some mice with the
engineered virus, to see what it would do.
The mouse colony was kept in a Biosafety
Level 3 room on the top floor of the medical
school. Mark Buller and | put on surgical
gowns, booties, hair coverings, and latex

gloves.
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We pushed through a steel door into a
small cinder-block room, where hundreds of
mice were living in clear plastic boxes, set
on racks behind glass doors. The mice had
black fur. They were a purebred

laboratory mouse known as the Black 6,
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which is naturally resistant to mousepox.
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Buller opened some boxes, removed some
mice, and placed them in a jar that had an
anesthetic in it. The mice went to

sleep. One at a time, he held a mouse in his

UalaafllAnaasuNIngaas IMyaIuaumil
aanuudalaasluanainanianaauog vinli

wyaasll widenyudsaaraunanladnlyl

< PRy = o
WHNRREANNIANNUNARBINRT A Tureawan

hand, stuck the needle of a syringe into its

foot, and injected a drop of clear liquid. The

liquid contained about ten particles of
engineered IL-4 mousepox—an exceedingly

low dose of the virus.
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Seven days later, my phone rang early in the
morning. It was Mark Buller. One of the lab
techs had just checked on the mice, he
said, and some of them had a hunched
posture, with ruffled fur at the neck. "They're

going to go fast," he said.

. o - Lz »
LRATUAANT INTANUDINNASTU LMD LT
115A Yalaasingun wivendidnmatianig
% a oA d} % % !
Wesfrimnsauntislinany udanuanung
o = Ve o . - \
Fiailannslnesn Hauganae yaiaasuandn

"JUNIAIAT AL DEN9TIALTY"

The next morning, Buller, Chen, and | put on
gloves and gowns and went into the mouse
room. There were two boxes of dead mice.
Two of the strains of IL-4 mousepox had
wiped out the naturally resistant mice. The
death rate for those groups was one
hundred percent.

Buller carried one box inside a hood and
opened it. The dead mice were indeed
hunched up, with ruffled fur and pinched
eyes. Natural mousepox does not cause a

Black 6 mouse to become visibly sick at all.
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"Wow. Wow," Chen said. "They're all
hunched over. This IL-4 has a really funny
effect. This is really a strong virus. I'm really
surprised." He hadn't expected his virus to
wipe out all the mice. It disturbed him that
he could make such a powerful virus, but he
also felt excited.

"It's really impressive how fast this virus Kills
the mice at such a low dose," Buller said.

| sat on a chair before the hood, peering
into it beside Buller. He reached in and lifted
a dead mouse out of a box and held the

creature in his gloved hand.
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Without the mouse, there would be no cures
for many diseases, and dead mice had
been responsible for the saving of many a
human life, but what he held in his hand was

not a reassuring thing.Buller showed me the
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standard way to dissect a mouse: you slit
the belly with scissors. He spread open the
abdomen with the scissors, looking to see

what the pox had done.
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The virus had blasted the mouse's internal
organs. The spleen had turned into a
bloated blood sausage that was huge (for a
mouse's spleen) and filled much of the
mouse's belly. It was mottled with faint
grayish-white spots, which Buller explained
is the classic appearance of a mouse's
organs infected with pox. Doctors

who opened humans who had died of

hemorrhagic smallpox saw the same cloudy
effect in their organs. With the tip of the
scissors, he pulled out the mouse's liver. It
had turned the color of sawdust, destroyed
by the engineered virus. With ten particles of

the construct virus in its blood, the pox-
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resistant mouse had never stood a chance.

THERE ARE TWO WAYS to vaccinate a
mouse against mousepox. One way is to
infect it with natural mousepox. When it
recovers (if you vaccinate a resistant breed
of mouse, it will recover), it will be immune.
The other way is to vaccinate the mouse
with the smallpox vaccine—that is, you
infect the mouse with vaccinia, and its
immunity to mousepox goes up in the same
way that a human's resistance to smallpox

goes up after a vaccinia infection.
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Mark Buller and his group began testing
IL-4 mousepox on vaccinated mice, and
they got strange results. They were not able

to completely duplicate the Jackson-

Ramshaw experiment. They discovered that
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mice immunized with natural mousepox
become completely immune to IL-4
mousepox—it did not break through their

immunity after all.
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That was very encouraging. It contradicted
part of the Jackson-Ramshaw experiment.
But in doing preliminary experiments with

the smallpox vaccine, they had begun to

see something more troubling (the
experiments were in progress, and Buller
wasn't able to report any real findings yet). It
seemed that the IL-4 mousepox could crash
through the smallpox vaccine, killing the
mice if they had been vaccinated sometime

previously. But if their vaccinia vaccinations
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were very fresh, they were protected against
the engineered pox. It suggested that an
engineered IL-4 smallpox might be able to
break through people's immunity, but not if
the vaccinations were recent, perhaps only

weeks old.
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Buller didn't sound as if he thought the world
was coming to an end. "We showed that you
could find a way to vaccinate mice
successfully against the engineered
mousepox," he said to me. "Even if [L-4
variola can blow through the smallpox
vaccine, | feel there are drugs we can
develop that will nullify the advantage a
terrorist might have by using IL-4 variola. We
really need an antiviral drug," he said.

He argued that a drug that worked on pox

was not only needed as a defense against
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an engineered superpox, but was also
needed in order to cure people who were
getting sick from the vaccine during a mass

vaccination after a smallpox terror attack.
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Any nation or research team that wanted to
make a superpox would have to test it on
vaccinated humans to see if it worked. "If
you're talking about a country like Iraq,"
Buller said, "human experimentation with
smallpox is imaginable. If you've got a guy
like Saddam Hussein, and his scientists tell
him they need some humans so they can
check out an engineered smallpox, he'll say,
'How many do you need?' There are people
like that in every age."

Nanhai Chen seemed a little less optimistic.
"Because the IL-4 mousepox can evade the

vaccinia vaccination, it means that IL-4
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smallpox could be very dangerous," he said.
"This experiment is very similar to the human
situation with the smallpox vaccine. | think
IL-4 smallpox is dangerous. | think it is very

dangerous."
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THE MAIN THING that stands between the
human species and the creation of a
supervirus is a sense of responsibility
among individual biologists. Given human
nature and the record of history, it seems
possible that someone could be playing with
the genes of smallpox right now. And what if
a fire began to flicker in the hay in the barn,

and we poured a glass of water on it, but the

water could not put the fire out?
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No nation that wanted to have nuclear

weapons had a problem finding physicists
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willing to make them. The international

community of physicists came of age in a

burst of light over the sands of Trinity in New

Mexico. The biologists have not yet

experienced their Trinity.
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