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Codon usage tabulated from the GenBank Genetic Sequence Data
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In 1980 and 1981, Grantham and his colleague (1,2) reported the codon

usages in a total of 161 protein genes in this journal, and in 1986 we

reported those in 1638 genes (3). In the present work, the codon usages in

3681 genes are analyzed using the nucleotide sequence data obtained from the

GenBank Genetic Sequence Data Bank (Release 50.0, 1987)(4). In selecting

protein coding sequences we relied on the FEATURES tables of the GenBank

Database, and only complete genes, starting with an initiation codon and

ending with one of stop codons, were used in the analysis (see ref. 3 for

details). Table 1 lists the codon use in each of the 3681 genes. The LOCUS

names given in the GenBank were used for designating individual genes, and

the SHORT DIRECTORY of the GenBank is presented after the table for defining

each LOCUS name. In the GenBank, a group of consecutive genes whose entire

region had been sequenced were registered under one LOCUS name. To distin-

guish the different genes belonging to a single LOCUS, symbol # followed by

a number is added after the LOCUS name; the numbers represent the order of

the peptides registered in the FEATURES of the GenBank. Thus the numbering

system differs from the previous one (3) in the cases where incomplete

peptides are registered in the FEATURES. When introns of a gene have not

been completely sequenced, some of its exons are registered in separate

entries (LOCUS) in the GenBank. These exons belonging to the same gene but

having different LOCUS names were combined, and the LOCUS name of the last

exon followed by symbol • was given to the gene thus combined. The order of

the codons in the table is the same as the previous compilation (1-3) . The

amino acids based on the "universal genetic code" are specified using three

letter abbreviations, except for the pages listing organella genes.

To reveal the characteristics of the codon use of individual organisms,

as well as viruses and organella, the frequency (per one thousand) of codon

use in each organism for which more than 20 genes are available in Table 1
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was calculated by adding for each codon (Table 2). The number of genes

summed for each organisms is given in the row designated as No. GENES, and

the total codon number thus sunned is given at the bottom row. Since the

codon usage of each organism thus summed has been expressed in frequency per

one thousand in Table 2, it is easy to compare the codon-choice patterns

among different organisms. In the previous work (3), we noted that the

resultant codon-choice patterns among the vertebrates, or at least among the

mammals, are very similar, although the codon-choices in individual genes of

one manmal are often very different with each other (e.g., see ref. 5). We

also mentioned that the codon-choice pattern, that are roughly common among

the mammals, does not depend on the choice of genes; i.e., when the codon

frequencies for ten or more genes with varying functions are summed up for

each manual, they usually result in a very similar pattern regardless of the

genes compiled (6). Tables 1 and 2 confirmed the previous notion.
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(MULTR I f ! | — HlfTTHflBIIIMWIW I l.llllillll IIHHILLILIH II
«MJ OMONIVTPf tn iCMl*M*MCtVTlCDBn

HUMPCSfJ HUMAN PC ••••-ON MCtPTOR(l_-l —jCgTORj MRWA, t g f W J T l C0»(H1«7

tirao'iMrrrni inntwtiimTrriimin.rnimrtTrni i—r

tUimCYTt>PUIKC.RTTA^CTHa»«.COMPl_Tf CM.M4MP
WJMAHACTniCH0L»qR-KV10RA1J*WtUlLW«e«.PO*Pl.*HDP»

— tu*mfCSTv\£M0LMmcmFnmaMMmmMjmamm,txmit.7imr m u HUMAN Few
irwrrw iinrftifiriTirTTn w m n n w nrrrtiMnm. IITT turn imwrnnmni

m* < nt* ri M

t_MAD*n *MmtoetommtmHatMm<m*.BKM\t.mmr HMFOM HLI_UH MCTOT « O B * . D O « 7 AND
HUUADM HUHAMAfWIC«*CCCAM-HMiaaa.0OKPl_ETI00«.»MaP HUMFOU HUMAN (WYOROPOUtTl REWCTAM 01
Humomi HUhMN AOtWO—g D W B W WPM, OOKW-JT1COOWO M r o U P d . — P HUXRXA* HUMAN 0KYDR0POLAT1HDUCTAM a
HUMAOIA inVTtAOHl M>PM tWOOOfW ALCOHOLDtWllWl I M U M i I I W I ILPII* I I I—f HUUPDU-M HUMAN0MYOROP0LAT1RSDUCTA-W]

U O B C O j O O H O L C » m a e w a S a > « « a « a M t 4 M V U # V I H H W M C O ( V M O I O
HLHVH HLMWAK>F0WrHrHCHIMI0*W.a»tV HUyn* HL1HN OO^ULATCM HCTTW V«fi
HUMOO TtilTIYI Tl""F "1111 71TT1. *^"1.ffTT TTT. T T " " f W l *<1fnn H I M H U M I HLM*H H C T O H H M K M V

HUMWJU4H *aD0LlU0WW1tWlgP»k,C0MHJTia». M f H I M C HUUIM COHULAH0M FACTOR WtC MM*. CCMWJT1 COL «
HLBWUO HUWH DW-T* WOCM-EWLtiCTl DPTOWTAM WWW. CCMWJCT1 COB. 1CTP HUVU MMM MCTOB X PLOOO OCMAUtTCM FMTTOf* 0O«. 0 0 * i. O V
HJUMJ HUUMMJUUMI0*MOCa«UTICO»V H HlMWMCTOWMPLOOOOOWlm0MMCTO»^*gP*^OOMWJTIC0»

" «•• "•**Mnm. rrMTi m m IMMT HUUCUPO I*—WH«.YLMWLMIIIUI J PI-VitATiotHYPWoa•*•--<i<WM.coMPLtncot
t*****!** HMmMJ\*ihiu?witiMiM*it0O4Koatnsncm.*nmr HLMOJPOA HUMAN0LYcawLDewY0t»pnc-HATiopriwcoow-MjMHHA.cowPLrncot.

-MMEA__u-Hoaawttv HUMOJPDC HUMAN oLYcawLDOwoi * # H O V H A T I oB-riPROoow-U MHNA O M V
~ E,OCMPL-mCOB.TMn«P HUMUPOR HUMAN MBNA FOR OLUOC*»*PHQVHAT1 DWY0RO0O«A_Mi (MPD). M M V

W H W L « « J U M f . C C

HUWMW*CHWTICJ»J imWYL*Mia»M.HMV LHO , U
H M W W I HUUWCNJVM*vaUIM)<LP»M-Mnt>aiUfTCL17KV HLHOCn HUtWOUJOOOOmiXnWCVTCni^AI«*M.CC10UTICDS 1711V
H u w n HUHNrwaacDCMCBiijan&NKTKiMETcnicToacatfUTicoa. Huuacvs HuuMas«nnan»«AOCYnooixirr->TiAiATM)r^cTcni»c«v
HLftHM HUHWAHODTa«HOa«bRM,O0HnfTICIX.aMV IIMUffTI HUUW UPHA W «WMJLOCTTt CCLONY-CTMUUITWO MCTOB p O A .
HLMAKM HUttWiTOJUWCITtWM—. 00MHJT1 C0>. • • < » HUHDOVtti HLMWHaPMPOH VWWJLCCYTt 0CL0WY<Tl*JLATWORCT0«tftWi
MWNM1 HUUM«POUPDmoTB«MAtCC-«OOa*.CCWUTSO(M.a3?V HUWOA HLMW K P K O « L L I H K I OBOWTH MCTCB • #0F* HVM, COhTlfTCB • # 0 F * HVM, COhT

*a0+.tja4* or *,*
*ammwxo

HUUVOCt HUWNAPOClKKIBCaDKatfOLrOPPDTBtOI.OOKUTICOt. HUMM HLM«0**0WTHM0fD*0KI(HaH;«0M«TOmaP9«dO«.0CMRJTlC0«. I M V
MVOa ^Cl»QmjTlM(HCTV mdn0WTHH0fQ«3iaMH0»M«UTtCM

U H U h U M W Q M O T C C a . O O U K . 0 M V HUUOHV H U H l M O M i ( H ^ a B S M C } U N K B . I M 0
HlftUKO HtUW«1OL»CmOTSM0ynM.OOUPUT1CDB.MCV HUMLUTTM HUM* W T O H U W m W OHTm—I#WA, COMPUTE CW. M H V
HUhMMO HUyWAnLPDM0T»<G(GP ltUMI#M»«Liaj«WtM.t1MV HUMQLYCM HL*U^^W^»WriH *-WW tUKJ*! Q^J: PCM4 <WJ R>»*» J ^ V
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HLUOOO KUMMCHORKBCC«OMM)OTROPUtfCO|OBCX«,DtT**OUWT
HIWCOT HUHWCHORXPCC«09MOOT1IOPOKTt

HUlAMCHOR3OK£
R

f | , D t * HOO
CC«09MOOT1IOP>DIMOa}KTAtUlUUTI«MA.BaCV HfYTWi
OK£«ONWOT1«omDnAIU3lfaT«0«.aCNl.CLOKS4iCV l l T W
fCD«c«MDOTRaniocTA«iciHiTaaaBBMav

i i n r n i m iirMrniTTTTT-mrmrTrrrrnpTTi •! nir^ 1.1 m i n m n r r

HUUIRYM HUWM0CTAClniTA\L«O«acHUC_rTA«VAn,C)-0Ha.4aSf HU0NATO HUWW WTBffSRC*JH0JW LFKk*.CC-UKOC«
HUUCRYOMj HUMAM0AW-VOniTAUJM(MK_LDI0MJ.eCV U0«MTC HU.HM »CTW«RCN ALPHA (MM B W U W i. COUUTI COS
HU-CRYOO4 HUklAM0NOU«in«TAUlMQea,EXM14aV MUWPWATt) mftWN MTSRffWOH ALPHA » a WMLPtM I. OOP
HU-CRYOXt HUdAH«MQ«kCirniTAUMt-ta3a,CX»X4«CV IIJilTWWr* W-^MTBPfR0K4|^M««KI .CCUPUT100am MOUSCX. t
HUKCRYIBU Wl-*AW*A»C4tcmTTAUWt-10Ca.t_-PNX<WV HUtCNCSlF HUMAMFOROOJWTMlUWUp»M»TA-0O<SAMOfUHO W » V
HUMO 0QRC*CC10a*OCMWCmjPIJPW«»aH»00<nniC^ H 0 K M HUHW(^A4irwnfO<ICffMCO0UT

m ! I I L . M . H m H
HLCCCTW KU_«NCATKEP««DI__OM.CXDOUTIC0S.H

TnurnTi:*] n_nnnwi TI i*MA«o««rCi?«Jowia-»*co«#
FM IUR| I I I - IHH WJO.1 HU-WI_X«KCYTIDrTCRl_IJKMt^-1)l__nM,Oaa0UTlCOa

W_3.«R HU5MN I » M POR WTB*_UKW IKTA. l t * «P
< n n j ) X M * a m o a 0 x r

m i O 7 HLWNC4M0naan0.0THKB«LUn«ATSN HIWOJ
HUMCYK17 W_MMCTT0CMOaP«KtTfBTCI03l7AP4M4mSOnu___GnTJ_.nxV HUOJO

i f i r ^ r t n j
HUMCYMO KUUA«CYT0C»«DaP4H>cnEDP0aOKtMai_nM.COKPl_n^Ct»._--^^ HUO__RA H

jrtaM MUOJD H
HUIOJ
H

wAoarm w*mmraw(m*MTtvexK^«m*THFMxc*rac&n**o*. HUOOM Hi»Mi«cmA4uauwiAM.ccK7UETicis.u>cv
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tuofno iinniwifTiiiBinmTinrniipn
n*±jnw><mmotooo*aA**m. „ »wrv-«— —

MJVT1M HUWMHTVTl«LHOeafMCra|«VTHTW

Kiaog««n.BaKCocmiiiuc«>«M>n« luina iuHMn««<>iotaui i»i i .oaiunmi«F
HMJCTM. HuwnnjuwucKMHUKinr HUMTCAJB HLMijiT-caxP4UPraiACTiHAU-HAXMAa1wAP-13u.aicsj.lJNt.
HJMLAMC «M«uK»cMW«.omwilcm.nraf HUMTCUA «M»<T<»iigctrCTi«rn«»r«HUM,»M«nin<cai.Ljama>
HUMLCAT IIH44HI MINIMI IMMIHII M W IH W I U W l MM*. H MB H I 11< MHT1M IIIIIHIIHWUMUI ' ! • II 111 IIIULLLlLJLUt-HI-J-UJ
* H m i m*wmcT«iiD»iiLi»Jui»iM ' » 0 t M » M m i B i a t m i » HUVTOHB mii-i i iai m i M I I I H n u l l , I HIIH-M. a «_
HUKLONAJ KiMiucT<TiccHTnoaw>»«wAG<oH7.nar w m a uuwii>MRXioaaran)<HCTmOTA(Tmin<uDiAccwuii
HLULOLHII >uwi in>OB« iT i imn»Kann i iHBnaMr HUUTHMA

umwi i

mum
uLUTBsMKiiu<a.KrA«aurmav umwi iuHiMin«iin<m>iiMo

HLULH-H iuuNmiBapisHoitmiiuMDaHDnc>a»MHiaDu.oowuii mum uwimanunnimwimiaw
HUW.T MMWLVMPHOnS(HI«)M.0CI«UT1C0«.1»«P HUyTOtfH HMrtlUmM I Ml ! • ! ! • UniTm TMnW 111II HIIIHW Illlll I H
KJKMAB iuwiuKnionuioowtiMM.ccmcTcaB.aav HUMTK iumi-nnKwaaummoit.oacnMnaa.taiw

HJOBTT-PB HUMAN i£fTALi£m«OKlj)upaHi>a-0aiMT.opa-(as- Hjvrun w*mTV*XKXxm*ncKmaoa.cc£Cinam*m*
KUMMtTK HUMAN MTMJXIOKKBM I A —»", COMPLCTC 000011 BfTI.BWi BMMP MJUTMA KU*N L*-(»13TTJBM (TWBCTA) OCA CCB0UTI COB. 10n»jp
nj*«CT-i HiMiiiiT«uonaauaBa(KiiT«nar HWTN »uwraKaPLAKi<oa»«oTnioii(T-n«a

w i HiaT«Lonna»*acMciT«t.nMr IUITHU MWIMI«-rrf»w M»n:>t
WHKCTP1 HUUN UCTXIOTMOWI «JTK# (CM. COVUTI CO» m O T
wju UTcuBfa.coUa>.i>»i.imp wn tu

im>arLAa»TDiwTiaBi i imasa.4tx>p M J M T W M u ^ n r a c w a p i u n u . c o y n c T E C i B . i u a
DCUMIHU^AtaBa.4MMr HUWTWt HLUW TWUCHHOFM(TKmQD STDUATMO HOHMOKB MTAHJHMTO«C.

HUUHU HUWI IOCCLAMI IUAiaM. IT I IV (UlTimAO HUXW «AA-TiaUJ<SBIl M W H ) C O S U S 3 T « B 1 P
HUUMCN HiuANiTBK»tHmiiiKYLA<lf>Baoalcoi H

CNt AMBTCK»moU«aa«.
HUOKSB HUMUMCCLAKIHUkaaaSKITvaP
HUUOCCU iiMwiyii 11 m m • fi i wnnimii n m
Huu iiMwiyii 11 — • n ^ rw IMTTI IMIII IIHI.M

MAUNQUiMiiorrocovATmJTTwniaNoco
HUUHXB KM«UC0L*MI>lAOCOTA0ea<D<»CM)'KlfU«in7ar
" " M i HBtmiMcajmiHAWmoKmTAaiimmM.camjrtam.tM
H U U M M HUWIWJH»l«HTI0»<<L>H*O>M<MMA»l>»niini«llT«.lHaP
W U UHWMA0MALH«kCHAMUmA.1tiaP

HUMWIMHCOUW• DH««TACl WlMWIA(0M.W<.CLOMCTtA-*.

O A t C n P IMOOa KOKX>Y»L MaODULAOl ffOPMOCtULM
HUAWMCaj«*IA*(Ta«.HLA«(ALMAI«AVYCHA01COUFLITICOa. IC«a«TI yCMOY tOTAUOTMOKEH I «iT« UR}M. H U

• • m i l HUU«IHAaiA^HU»«|OIA0MwaBC<.|>CM1.1.4<Wl. •OCCHIT1 UOMCY OTAOOIMOKIM I (MT» I0HA 0»
H U U K U HUWNHUu»ALmkCHwynlA.mp f in am OWWOUTAH w j T « j m w u i » i —a. a
HW43XA4 HHMUCCLAMlHUrCIX4LmA«Sa(niM*M|.CXM4.naP HWBM 0HWOUTAHAPU.TAtJHA-1-4JLCOPtdaci.a
HUKWMQM MJUAMHAJCMK3TCCaOVTT«JTVajMlAWTttK«0AU«0MH0*A

iaa.cauicc*.>t«a noown
HUa*AWlK^TWNRIJ.iniDTP^4)C4nCOH00O>a.C](OHl<WD11t11P dHOASA MI14ITHI IMII I I IIIIHI I I Illl I • ! • I III. IMlli

HUOITCC HMmiJmmi*Kmon>aiBxma,caoimcax!iiiwMiuBKfmMr a m i axaArntwmruxMtM<ma,rmaxiUKa.<tjBf
HUUIYCUT HUWM>>uoTnwUKA7BTPt^04n:a«n>saw«AccaPLCTi dKACTAi ma*ra**UHjciM
MUU | O « c < a a a . i i a i > < M O i u n a . i n a Mum

n IM^IPlTAlL>Aa0^iTCfW0TC-<llDO«»a.IM0WlAWDI<JWKt.tllMP IWHIIW
Huuncca HuaiM>nocnaiac4ivcmnacHccaB<c.ciioi<iA»rlUHC Man
Huonc iiMwi(niijO*ncpwoTOONDffiBa.MPtA.tT«ap

i *MMcinc*MiaMmjatBmmxxmt
WYCm HUttM>tU|m>aLCCATCDTaU|C4IKCNCOaB<C.CO>OUTI0O>. MUCK

HUUIYT m «.i.»i»liiniraA,ocmunco».»c3p M u a u
H U M X Hu>ui<NBjncua)ii«NA.ciaouncD>.iinp mmwc
u . ^ _ OWKuwoxioiNiMP I W

UWMMII CHXSMH«OTTCHiaTAUOn«aoai1i#fT«KIMAMC3P
MCMUIIMBitmMlODU.CCDtfLCTCCOB.MaSP I B W M VflBAN OCLD WtonCH O»APB(PfD0M PAOTCMnC* D M M O H . tt iCV

aomo<LfTicol«anip iwuwi HMaav#niow«xD)P(VOCKlokUTlBPja,Lficolanip i w u w i HMaav#niow«xD)P(VOCKl .cokUTlcaB. i ia
HUUOTC HMUWC»»«TH»CTIIAfBrAn«»T)i«IBriqiOB»<C0M>LCTCCCO»ni4«4lP M B H I I B «CLDBI tHWAM I lAMTM HffOBq MB. CKCCOMl IODC WICLMmCH
HUHOTMPI IIBilWWCPWC^JjrfTIYMWrilWOPHVlU<IOHa.CClgLITlCJt.«XaP IWBUPBI4 CKJCBM IHUJIW OWWW |CHO) POQBCftML PADTCOiBW MDi*, OOMPLCTl
MJ4TO HlBlAWHLA<HAMI»iy»AB»UWIBJBiW>|l<ITCHWI»q<iaNAO>aP IWBUWtlT CKXBH HM3TCH ffBWBaUH fOOCOM P D 0 V « I O M P U T I

&tbo£,tt£7aSm
IWHTUIM C H O I HBOTB AlPHA-TVAJLH IUWA.COUUTIOCa. UK3P
WMTUIAI CKXBi HUOTBIALmtTUlUIJi I >«A. COPLCTt CDX MtAV

ITWPlTPCajPJOTWILWHPJtIOOiA. MHTU3AC CK3OBC HMCITBI *PHA-TUlUJ)i O U0M. CCUJUTt COS. WOP
ACT»tATCWP«3nCTiaWA.COgLCTlCDB. WBMXr HUtTSInOMTIli(llTSCOB>ATC FUBOBIT)«BCL I J O i l « « RJKO.
0MA0aclUriG0aJaaP MUXACAAA IBOUU»BJTALALmUCTHOCMCCO0CTICD*JP

f U M Hu-MHrAPrrcmanDiouMCKn^caaouTico*.

HUMM lirUTtPUCOITPI. I W I I I B X HORkCOO: W-L-4UMA.

WJMm. HUUMP«CPflOLACTM4Wt4l0OM.aaP HUUTCUT KOUlfTCflX BUKHOI «mHW UT4 ftfKNA. COUPLITICm. WITIP
HUVHJ HLDHNPnOUCTH0M.BKMLrrClP MUlATCTa HUMAXTCBO. BJPJAOB AWTMQiTa 0Q.TAOWJI BBO. B300 IA4 »
H H J W HuMMPi*aipiBoicDi(mP)UDM.ociouTico3.B4iBr Hirwnm MIii if twin nimunuMBiMi iii m iii i • nwimnffciwwi ywirvm
WIIJWA H *̂*NPHMLOcu)BALMiArrPKiJ)OMa»PKOTCHiaMA(miAaajQ. UU3V1M ifnitrTtrTflnwr^ i-tiiff-r f m w i m r m ntrr
mum HiMA«wwijXLatAijalrrwiai»vicmp»OTBi<io»«Ai>TAuCLB- a m wxjMOODLBisrrc<i>c>OKa>ToiaCKl.TBCiiii»3P
WtUIIL Hlfli«FKMUKLOIiLB*IITfP«OLOCt*aWPBOTCailO»iA.OLOWCW. HU3C33 U>UHC<BO\CK9«T00WOK»<T O1I4W4A. ALPHA AMD t«TA •LOUWTl. «07tP
HUUHU K^*MP«O)1lOadtAUWWrrPi«XK»CaHPKICMlCIWACCICP U ^ T HUHU K ^ a d X » C a H P K I I C M C I W A . C L C K I C P 4 . MU3CADI l*aU^CAPJOWiAPI1TJHAB«IXe^JB0aMPLtTt0O0C4aAW
" * J P J t HtflAMPni LOCUS «AUWfrrP*a^«-ICCHPitOTCMIOOU.CLOMCCPI. UU3CALP IAOiaaCAtPACTMIKHVTCHhH(PM|IOOW,CO]0LCTIOCO.a
HL%OWF iumi*a>wouitHri»rmaXKaimcmBimAcaiti*na* UMOAK uoiaiiuppUMnMiiAccBPLcnccaxapu c m B , c a t i * n a * . U M O A K uoiai iuppiUMnMiiA.ccBPLcncca.xap
HU0XPH1 !<UUMmnaBa|HAClTYnBUJPAU.Y:AUJUP>H1-<|B4COCMa UUKCPA KOUM 011 MOW BCOOCOO TCCLL U «-U «. PAOTCH OCTL O»JP
• O T M WUMPB«C«a(H«DTTKILaPAU.Y;ALLBUPB<B-nB«XXda UUXKUa UCUC UUXU COATH O U U KPO»> (BM.T J ̂  UlOP
Huo«t HuiA«HPt>i0DtA.caAPLCTCcDB.PAOvipx*a7Bia*oTCAHCGP.cau.LKi KUXMYW — \ n — r n — n rTTiTmrrim r inn mnrni I
».»UtPA IW«HPUJaMAlW0UIWCTA*rr-A«OOC»nPII0TVlfh304A.COHUTCCOB. UU3CVIO1 UOLM C4f1VO0CI CXM3 AKOT RjVOL C3I0P
HIV 'Bt KU3*AMPUJ<OWmBJP7ACTAWJC3CCWTn PAOTCH KAB^OOIDXCTICDB. IOXXPP. UOUM CTBTCDa PADTEMABIIO0IA. K U U T I M 3 . I
HWPIWJ> IIJlWPJPUJfff>WyBJ«yACTJiqABXlC»q»PIICTCai'tPtMPJ»VBaP M O K ? t O « T C H C D n B n PI J > I I J X C » P I I C 7 C i t P t M P J » V B B a P MOCK? U
ttamm itamir»imrmxirnm>BaLaxoanaaiiKD7ruta.iwar uaan-B
Huowd HUMHnMRXWPO-iDOaaaLiinv
UWHABI HUMAN C44UUmPA010OC0Ct»0L00X
H L W M mwwcniiJuwyomqa3oaoacio>%B<i,BO«4* Kuxmoa uxat.v«LUMran«T*i

n.
KU3CYFMB kXUM CYTCOHWa P1-43BU»tA. COMPLCTI0OOK9B90UMCI.UlOP
laocmu UUUCTTOCK-OXI P-WOB aaa.ooxxjnicoa IOI=P
UUSCTfOtl IJSXia O^OOKKBCI P«4M OSCI, 0CO7UTI CCO. S=CP

3 C C T C P »HUCVU H I J W 3 I . 0 i L a . B Q r P KUSCYnU liXU3CCTTCOC3^P4»K»BVCaMPLtTCOOCC«I>O
HUlOtPtU !«UMWICia3CIMALP|-CIT-nt14C«9C^I3O»UTCCtD.BC3»JP kOOBIP UCU3C GPSSnUL BWCTTH FACTOR (SOF) WOIA 4WCCP
HLEOIPSI7 MA*AHICM*aMALPI«3T«NB^UOlA.CC£0UTCCOX47I«JP KU3BVCP0 KOLOt CP0»CAALai0BTHMCntlM3Ca3CaPK)Tt2HT
HUSOBBP. !«^MAMIIX«AIQPM><lJUO0AWTIia-C3BCITACHAOLMfE-P m n g f i m bOJLCa O0T1ATICH MCTOJI »74A 1X0*3 PORM U » H . OCODUTICO3. I D
HU)OJfB14 >ITJ^«NIWNtPC«HLAaABJaaO<C<TAfl4Ani(ClfB^q.l1BB>' MirMTftM I93U3I DflTIATJOJI WCTOP. BMABHOMTPORM UOH.OCQ0UTt COB.
mnoiBi HUMAN irWffPCTiocum o p * OTA CHA«fecal 4-g.raa)p K U S B V u3uxawrKJiopcaTPia-Kx.couuTi.i=acp

OMXa4iXXIUIPUTBJT4»CnOBWWTHFACTOIL UCJPCU K0U3I 03n-StOPOLATI KSDUCTAOl C9CUJ0H W JKDT Bffl 4
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mora io«&ia>asa;oauiJ«HoiiDuaiTO«B)>.OBcoaBa.aMar (aamnrnr itamTmianuawnmnmtma.tMm7.t
S52M. <*&*>»**rnwcaxmmijmctr>am£<m£^(xmm tame M^jw^jcMomwroiTOMD^oaJunaoBj

Kmam !BMia.Yc»g<«ariiAnDBiiri i»«ii iMMii.oagijncMP»ar uonaAo w
Knot !OU3asTEBXjaQByBrK7TBiOFAOeriunoTau««.AirHAMsar ujvnaAot uo
BUM !£OUUOmUX>n.rHOTBIHI£IDIA.OO¥>UnODI.41«Br WSTUBAX W
UUBKIA MnnBM.ioacBaiaaimiTHiw.mTir wamtH •wmaao*rzmTrKMX*ml

w
MOUM mfOUNnobym.1gii.w^jiimBqrwiiaiji HTBCDW. t]

»»•«• HUliimnMMaacuaaHnMmi.il
W«NW
WTJUO H l M m . U T»

UCUBiMTIMhftMMIAimA.rap KTALAO HATUWB MLT<UBP«mmj«TE DWfflWI \MJt
« • " M0M«D«miHIIP»t,ll»lll«Ul>JCJM>TO«H«.l—f HATAU I l l l l l l l l|llll» 111111111 111111111
nuMut M u n n u m m m m r w i Y M w i w i i w u f l i a w c i m w M o t HATAW nATBSVjMiuuMK)tNA.t«ar

MnKAf*KACTHOBCft*n0OKnWfTflMKM.MnOP M T T 1 U M B A T A U H L A B t A K t M A . C C W U T l C D X
« n j M W A W i Y w r w w i i i f i j n f c w * o i W i < y i J — a V K A f f A t ( w n u o o w i i t iijnfcw*oiWi<yiiJi—a(VKAffAti (wnuoo» wmiMAMiiitjiiiBniin HimwwiniinmwM awr

HOUinMmHILYnMMMDMPMOtnVIMWI(MA<fMI HATJVO1 HATMQOBKI MCODMa ATNN.MIlBUmiCFACTOHOO01XTI OH.
mi iaaLAWAiACTNi«a< icaaTAi fTmacH4w MTAMS iwairaimKomnrw MTAMS iwaaiiraiimK«ii.omiinr

OI UDUMUL«aDAtACTMiBatC0iaTAHTIVaOL«KV HATAWO HWJWajWOTlAlMAIWJMH. WOTP) MWW.
•uu ticummtnaiauimn.oatKincot.nrar Mrmum nATAfotfomomxuaaa.cauuTioia.i
man tKumtt.maajummraaBntKJBimtiam.caiKm.tMm H M M MriraromiTaiatiama.catKSnaa.i
• M U l U0UKNTBtAAKf0B0LCX0N4.«ar MTAKWa) HATAra*OmOfB4 Aff 0O«. CO0UTK COB.

U0UMHT^LJUIS<inCVmiOMV.0CDO<UTICCa.t3HV IHTAKW PWT AfOlfOmOT0l M (AfOM KBNA. CGWUTI
— — — wTAraw >WA»a»opKOTBXAoa0UTi

KOUS Envuuin i aaa. cooun cox »

• f i ««MMT.1«Aja«HTr»OTO«OD«BaCOMUnaB.<.iar HATATF«t . .
im0TOONOMtKIlOBK.001DUn0M.BBOr HATAma HttNA. . I t~ATMAL»waOranUrALYTESIJ»TI !>>i .
OMrcn'nmif7H)iaAATKmtBr iWTATPAtT

•BaXTOtt yOUBBBB3OBCYTOKBIATMU«A.CO0UTlCCa.

mmjr myuttmi.tiratsmBamatBnoamMniirm.timr ncrcmm MTBETACABX<BBci.G<aa7*Bi.—

J**i*^i«iuKAorocnrnLj>DBaM>mcinDiaBaowuTicM.aiar KOCABI tMturr>\cjmmmm.oamMnocm.K

•in BUM MOUBlMAUoaaajMAmTlwAOr OHDomDuCTAmioow.ocagUTlcc>. HATcaxrA

~ w-f^coa-njwaa.ciaMioMaTi. i f»-gf m n o PWTC

««•
« T &«K» ONDOOBCE. CCKWT1. tf»OP

rWTcmu rviTinn i r m i rrnirwiwrtrwi.nmmricw I
PwrowraA r v T i t f i f v n ' u ^ r i T T r r V T

IWTC'ITwo rtiTmrmmrmfir mfiEriiciiririntniwiiiiiiwi i i in
PKTCYMW WTmTmrrrt ir

ioxjoiioecuasiH»(csaf«fu>TYFiot.uDM.cov»^n UMLYTOW n i T i m r i i f i i T r n » i t i i •niMnimimViMMUAiLi,Lnumiuui.
!0U3iio«cua3iHi«i*a(H«PuyTYFiiixocncUTicoxs<Tt3>* N O I D P r«>TMrri£3ioDDa»a>pfnrinaat^i-ni^ooMfUTicoft.v ~~

auKS4-4. MCTvPvA HCT ifVPCLJCnCBvL O

usu=iio«Q«KsonNOt>tniQxouc3i/wTnnaoMMax»
iaxoiiofficuooMuaH

W HITmrnmxtccoxawnncwoi
WTMW H*T OTTOTPW1WJTY <tt-D CPOPtO HWTPl

^ M M M . I W L m MTTY Aaocoax«r-WTCM(»Qi

«>J3QKQ»CT»waHPTHmJIUJIUjLtlMJO>«.CC32» MTrVQ. MT mtTTM UOHT O*O. -tCUXJT, B W .

rau=aamA43Maxa^WTOa«»3raxa*? o iu

^ wrara twDau^M^ BOOTH
L o a a »

RCTcxwa *WTHOsro&rbj£^»^xnr«(rxs6i£MoBo

UJ£CT3aMUDtvCCC£n£TICDXt3719 HO1LUn« pVUC»bft»OUJOCCITIWCK«TnPWira4kaDM,CXH7LCn

U X V H « icou3ina^/LLu=cuPK03PioomJciiot«««»w=uOT pwrtma M T « w x a i o i u c n a c 3 c t t x i m c v n o < L P H k ^ ^

wman X . V i Q
fwmtu fiCTpavovai.wiJHftipfijuHAnaa
Mnmtt rUraei2MEMTV7WOM.Enn4.Mitb

^ o o U i o x PWTHCU mroViM\<urra¥

m KC4OSnK3l#aHt)0SaC<K7lXT1CCa,ClXMI.I=CT MTHOR PMpK0HO3CUJ«
KUXBDI U0U«f3OIICnu.M*C9 MOTa UtT OOIUM pO-t)
OHDOCH MjuMrrowjotjcmmigDucTflMCjaiOTifl ia^ a M T o o a a p

A 0 1 M C 7 _
«3P MTUO PICTUimC*<M«J4ClT*tUeUCTaa»a,COWUT1CtaL1TCV
HWTHTWe. H U WT

:POLYTvniat wnewi i

as* Moicn. )WT ccwl l""^^J^y>^--, lf^g'g)y-°P-^ cco-wJTi eta w

•ftOTOtt a-OUMT-CmLBJ^r^<CTIW>Ci^KMiWie^ IWIOTI HP OTJ>UJCW>CQX«PH pg-q -3P-*. CCT
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C J » R W < K U J W O e « C X O P O B A i « U B t O F BCOfTW tCaJtTWCPOWWTTHPl „
ECCHTPfl E.COUHTVfl(>CATIHtXKP«a)JLAT0m)Oe«.COHRfTtCI».HMV BCOVmj fcCOJ ITfl C#«ON WTH FUA AMD T\M 0BS1 COMO POP.
•coHrm LccuHTpnaascooMapoflHMT•HOCKmauLKTommarwaum aorta tcouTJuaeccccttFc»i«rTHrt
ECOW LOOUKULHa«CWCa30«lT>«UI4V««MOfl.mD(MFOOCODMO BCOTAfTTtf LCOJTAflWOTtf
CCO.VA EXOULVAaSCDCO0M(lT>«C0»«CDBm>«UTA«.CCl«UTlCOa.mO OCOTOPHO (.COJO
EcoLm ĉ j L w s B « c a C C O v t » o « . 3 x a p ccoros LcaiTi«M»iMii iN)PKHBiaga.mdf
ECOli* t -COJ lWWW FOU WHCWD-CHAM AMMO ACC JWWOTTW • FTWi • ECOTOTUFl ftCOU TUF1 M M CCOMO TOR KLOWATKN FACTO* TU t POM TBMA*.
EDCCVM tCajLVOEWOf0CN.L£AOO(ATTO«iA1XnP?nDS(10C(LVUWO GCDTUTI tCOUTYfTTLOCU»CCKTAMM>TWOTYn-TTtM-iaB<II. t*MW
rcoLvoa E-couiLvaroorBOt LEADER P E F T U < » * C C U P I £ T E a * . W « P ECOTHP. t x c u T m c * M c r a i c N p i m T M u . T > m j w T i a c a e a c c a N Q F c «
KOLW ECOJ LVW OfCKW DCOOMO VAUNtCBtSTIM ACfTOHVnCBCV ACS ECOTHfW* EXOJ THP*. MC, WIT P»«. P**T AM} M M « M EMXOMO 7J»«P
ECOLVtC LCOUKIILWAMOLVYOeCSBCOOMIACCTWYOAOKYACOSSaP ECOTWA CjCOUTHTAOO«CODMOFDf('nmcOYLAT1>YHrHAM.1iaV
•CCKMA L C a i W M K H W f l » t l l l H r W « a i C M t V ECOnt L C O U T M O O F O n T R r

OLc •
CCOTOM
ECOTOXA

» O uBaAeBsoooaDmcn.mm«mM»C)ccMF»*o ECOTPIA i i t i r r t n i T T T i f m T . r n i r T T r T n
KOLAC LCOULACmCOr0ICMHrrHLAa.LAC2,L>CYAtC>LACA«a« MTMt ICOTm E.COJ TBO OOC 0OOM0 FOP. TWQ OCUOTAXB PBOTW, COMPLETI C M
CCCLEF u a j L P O K K M m o y o m L m N O L p a B c i counxncm. BCOTIMO r rn iTmn r r m r i i n r n r a m r n nn URILIII L I I H I W U L U U n
BCOLBM EXOUL£UcyBOiL£AD«P^TDCMNlAMOL£lMOe«COOMaTOf1 CCOTRP t C O J TWYFTCFHAM OFOKtt (HTttS D M H O U O C C 7 B « f
SCOLEXA LccijuxAaocaxMORMaosRjcrTKMR&iuLATcm morai Mar tconwfl Lca jTWf taeccooHiPonTMnwv
GOC t q t M i c o u i w « » , t c o » w f a o n y i LCOUTW«
BCOLPP fc<XUL^tTTtJCTWAtOO«C<K»ORWCTflWHM»»«L>OmjrOt ECOTTOA CjOOUTIDU
cax«r ErouiviwccotwapcnnKLrorfKHB'tiiHN.p^niua.tmv BCOTWI KjxuimoMMCOC»nFmKT
CCQLSFA t C C U L S M O 0 C P0« L^OfWOTHN BOWL P^TUAM AMI U t O O C (COTYW E. CPU TYW • Q O « FOfl AHC1MTC
CCCLYIC K J x u K L V C C B C o o M a t f m M M i H c a « X i C

MJ CJXUWLtHBMCWfWCCJTP^I*MJ(lAMlAH0U>lga0fPO».»Mf EOOTYVW LCOUTYmaOC OOOMQ KM rrWCWa^THMAfWTMTT*«t U 7 W
KOMtO tCajULF(TBO]ANOUAUia0SiCOOfftf PdtlULTOttTWMVCftT BXHJHUCO fcCCU UUJ OTOOt UMUD »«) UWC OB«B MCCOOS OCA WO LOtA
ECCHM.T CjCOJHMJaeCBCCONa'nCHN.TnvrCH.CCIt fUTSCtm. jnMP ECOLNC f.COUATP|LNC)C#BICHOCNTWO«l»SOBSiCOOMaR»ATF7HdV
p*f*ii tcaitauawicawafwwjmwwiOTP B O U C A tccuATF{Wctc#PKNPCoowowirwLATFtiwriM*ica*ijx.
ccacTC tccuitfTcaa«Dcoa>«OKT^cvvrAT>iOHMS.cciMJTicoa.tMNP K x u a c.ccuwaaaiBcooMiT>«AsuBucT<VF-iF-tATnwcsHap
CCOHCTO LCOUUOOOB«CCC*ni :OnuCT>«ONVL-T1*tABYHT>«T>l4COU*UTC ECCUNCS Z—II1—• **BTI IT I"¥ 1 " 1 H O r I r 0 KTTrMl C MMl f I T I T n
CCOWTK E.cajigTKOwcoDwaP0Bi mco' iuwHONwnwrwrnit ECOJHCF vxuwcraMtmoKoona-nKBmmumcfn**Kmr
CCOwa l£OU*«TLO»«C«»«PO«AWAfTTC»C»«M U O U I f i H M V BCQLMKA fcCOJ W K OD« COOMO FOB TW W fVAfl WCT»< I M C MOV
fiOOMETUI LCQUUVTlMCUETV|rBC4i3B<*COOMannCY«TATHCMIW1lV ECOUVRO LCCU WfB OfM FOA CMA WUCA«I • , COVUTE CO*. » « V
SCOMCTAt C.COJMCCHAmcMCTBt.UOTAWCUCnOMB'VAVTAm'OFOCAaiNS. BCCntA E.COUttUaeaCCOt«lP0nT>fllJWUC«JBlMITCVDCCMUaSAKm
BXVTiA ixajuTuaDttcootaKMUAfMTQL-tfScvcnzvMioFriar tcoxYLAt E.cajK>tAmornjaoc>PonDjrTULOKMWi(FAfm«jAWHi«p
GCCNOH L 0 C U N W a e C C O 0 « a P C « M U H [ » f V l M 0 O B 4 A t S . « W CCCKYUMA tCOU XYIA OOC COOMO TOB >OIJO«S MOU01AM WO XY1» O0S COOMO
ECOMR ixajw«a0«nEauAT»«injhiAMnoMTMTcnBXJCToiiv GHTV » « a O W : e « L c a n j

rfffu<rirnTnunaiai»nr •nwninnui
un nincowrrr

FRUCO rn 'trwrrrr rnrT-nriTnrnrirTi[rcoonwiTTii IIJUTTO

( m C * « C W i « . C I 3 t t 3 » J O HAUXCTDtUUHAUaUi»CTEtK>OffH(K4 0O&.tltMP
ECOPABA U O U PABA CW1 COOwa FOR P WtCMgOATHYVrXTAt t ,—P HAUKSF WLL»*L I MUM HAUMMi • » (MM WWtVtD H I C * Q»q D W B H K
ECOPAM r r n i r - M n n . r f i n n n r uniraciiTnTTTrnmrmgf.rririm « v r a KHACHa.VTicu«t*wyETHnj«ia0«E,ccupLEnciB U T ^

tcaj PAPA aM,cocma FOR THE PAT putu«u«T 7*1 v NIMBO Tr"T n̂rT"mr~'—.irm.niTgr
LCOJPV>MM(rrt*COOMSKMPCMOLHMOta PK7TB« 1. M1KLAC NtCTTIOH ELfiUEWTSI. PBOM tCOULAOOEM » 4 »
Lca jp f raMMC<n«aPOf lpHc«rcmCTOKMAuccMPfT ico« " ' T ^ r r frr—--"nr jniTT~rif i — i . ~ n i i DiMJiirn i . t rw

MUD fCWTTONn I f f T i l , FWQMt. PYlBfflHAt. tgV
MHWVU MS0TT1CNUOUCNCf ttt»«F«OMP MJL0AW FLAWfMTMmi i W

^ C a MKOO WfCTnOH SLa»<T « • , OOMPLSTt, PWM tCOJ Kit 1«1»
KCOPWC EXOJPHOi(»«C>XMaTOflPHOWHATELft«TATICNMXXmjO(jrCn NMLJM MSftnONGLCUBfT •»,FH»LAMOAKHW 11MV
ECCPHOU ixaje»sspncs,Piw^AWiPHoccoD»UFOfiaAwiA-aujTAwrLKMA«, JDICO iLnnnrf i imri i iciMCW nnr»<n^u u t i i i . * * L i i n u > ^ ^ u i ) i i
ECOTHCW •.CPU PHCM OPCPH. COWAJOO PHQM O P < AW T t f B J g e f T B B J KACLVOCD ICABUOBCi I.VOBM OPBKN L1AO0 PEFTEK 0 0 * . C0WUT1 CO*
E c o n c * E o o u P w » P H r r ^ « P S c n c T m A W P C ( n - i w ) i c M P w > r n t C T i M a e c KAC . - ~ - w r J - r ~ . ^

ECOPW L C O J P M O B « I C C O * a P O R O N « - M « m A « . « > # U T E K C I J O C S . * i a « P KPHMQ K.PHEXMOMW WTPXCQWTWOL WQCN{H»Q| AMOr W O
ECOPWP I X O U P MVCTTMLE HJHSNT AMD PH O « « EMCOOH1 PMeTTAU, H U W KPNLAC KJMUMCMAt LAC OPEftON. 4*tM*
•COPUMA tXOLJ PLOA 0 e « COOMS FOR Dn-PHC«PHOUPAH A, COMPLTTI CO*. K W « A KLtnXLLA PNEUKNbU
— „ _ . __..._ . _ _ ^ tCPHNWC "

w owiv nutiin trEronrrmoocr<ngMj.Ticriir
owitw tfiMtMi • nmvm-irmnrrff nnrjTncooi nnnmcii i

H«*caf«T»«iA(fviAi. imwnc 111—'ii i nriiiiiiiiiiTrr i m m î
EJXUPOMf lWiOCOOWQP—^IMIMPMIPWOTIM H ( H P «fc L * « X LACTO»AClLUiMAHMTVWS DSCAfWMYLAM0C«*CIWTATOt
LCCUPOJaae«ENCC<»ClPTfVVATConOAM,COHPLSTICOS.1t7«P LCAO»m UCTC«AClUJiCJ«a[»fl1MC<XU
IXOUPfCCaeCCa»MFCAP1WVXMCAmOXYI>Tf im>UCTAM.««V M f > K H « HCm4AfCBACT««UHFOFWt3CtH

tcajpMa»apca»«opHO>wc>»c»YLrrwc>wc»wtATEriwn<TAM. —t ru i r n n i r i - BW uniiiTinnn
LccuPT»oaes«cooaacECOPTM »«ncrKEZUiioFiinap MHOAFA* kVTHAwawvmAcrnMm«oHwrT>4TiTOiN

KOPTW IXOUPTSH0BCCa>MFOflMm>t*£CNTAMMlPflOTIMa*f4, WCMFH MTHIMOCOCCU* WlTAfi OB« HOUOLCOOUi TO
ECOPIMF ExajPuwc^DCM:«escooHaFOftPno^»iTjcvi*«H6<MaH*P HXAS i ^ r a o c o x u « ) w m u a B M i A f c i F c P Kt n o ^ j c i 6 a H S i^raocoxu«wmuaBMcicmPKTro«L3m»
EOOPYW EJXUPimKOPC04(XC»*aPCnA*rAmATfTnAMCAf«AW01UMiMMP UTCnPM ViCO*LA«UACAPHCOLUH I V t K WLF AMD WLA OPCICCDMPOH i
K C P v m U 1.COU PVW OPPWM W X C W AgAITTATl TIWUCAfAMO'HAW (*TCAM> M00M.1 NOONOWMAf t T U N W l l Pt-Ui O S « (PUl l . 0 O P U T 1 . tTMP
wccprmm tcourmioro*y*mo*xm*matxjnxwmamtajxmatuxm miiei pLAHto»«iuecijHvng*vrANci(unoPSWpv
EOOPYW tJxxjrtmmimocowfc*mfiTmocmnmoottKQaMtcam£, V H w o g c u w o » c t o E w c w

COUPLET! C0« AMD PYMOSM1I0MP PA&ABD PJ»OWJ»««A PLASUD PMOT OCN0 FOB EWXNUCL1AK AND MfTHTLAtt
FAinWCtMIM4A«GHOOOHCI PIWUII PA*MDPAW77UJfia«T«<CaOSTEfleCSO

C C m ( i j i n w m K a ww
ECORKA EXOUnKA0B«OCOHlFORF«CAP)iarB4 U*«P W 4 C W N PLABUD P»4 ffflOM M«AaiJg| ERbF OEM DCCOMQ UACIKUOi-
SCCmtCf M C W e t t * C O J M g f l B « W T w r B c i 0 H I W M W D r i C ( » PCI PlJWUDPCtM.CCIitflfTiaGNCKlttKVF
EDOHCCM tCCUPSCFOOK,>'GNOOFDHW«««AMOrENDCVaYT«aEW. PC1CAT PlAMOPCtM (MUmmC******!P
•COPMA L C a f l U a M 0 C H U T I C l » P

U M C < C C U SD U
«»c<xwap^TiNCHwitaxMaFACTOflt.coMPLrTE P I I PUMMOP

ccioHiKMniAwacrToTWW'ncNFToaMV m * K• M > i c o j c o c r T o t T W W M A n c N F A C
ECOPMOA E£OUKaTTOAOe«WCCO»MTMOPCDOXHOOUPLSTEC4M W V i i C H P U t t O ( C C L O f HKNOGW)«C OCW CCO
CCOHMO* E.COJ TmJU0»<ICOIMn POM T»Xao»i fCOUPLETf COII AMD NHO PJWPH PLA«»PJM(t .FAf iCAL«A«»OKYC«DIPHO0HOTMMtaU«a
EOOMC cxcu me ao« OCCOMO moNuacAU D w w PJP»#H pLAa«pj«nwMae«coo*aTOPiHvoiicwYCMiPMOBPHoraA

Httm)aB
ooMakM

ECOMC c .caj ( t tm)«CCPiR»oHucuA«ia. i«7«p LMOCMV n.r<i<rnnii(trn^Bn
ECOPMH Lcajfwae«cooMakMR*CMucuAHKn7v PMOWC iirrT-rnr^-iTi T n m n MirrT
KOHMHO U^XJCMWp«m)|(l««Ca9MaFM0WPaVlS1UMDEFKUH PUOPLPf M MOPOAW H O W P W I fcW O P * * p r FIAWK. M »
•COW pi A EXOUI«*>AANDP^1#a0CSCCDMlPOflTHiPflOT9<CCHK9HSNTC* PMCO n.1TTT Iftf 1T1 (TTI—• I T T T - " T t . f f i M l t J t l — T
cowpA i.ccuAtPHA raoaciM-PWOTEHOPmcHJixiP PO0VA a t w r n r c m r i i n ' tn i" *nrnrnr KinN>uoEM
EOOHPLM IXCUPMTriAL»t«OPBI0H:CCt»lJT1tfC0rnmeCOO*«lRac«CM>L P O W PLABNDPOAaFKWPUVCAACTCDMSP
ECOAPlflPO UXUPAIUVIJUtPUJtPLJVCSJVewCCaCNnCOOMlPCMSCVDW. PHITM tfnmVBV-ClPCl«T1WMTI
C n * ) ccw«oPMiooeaiccc) o . o B i L t t U W . i c a j w j a i J « o { 3 m 6 c o

ECOHPOA IXOU JLPHA OPIMJN: WOA, RPLQ. AMC HPCO O M I C O C H O FON PVU PfOCOfl PUMWX) PU3 FHOW • COU, >CCP1 tNOONUCLCACl AMP UETHYLAtt OE
ICOWM LOOUnVAOB«CCaNOPOP.RaOtOUALPIIOTEHfl »«T«P P K M i l PJTUAITT1PJT1PMTHXTOM **O MOOCFCATPH OEWM, CCMPLTn.
ECOWFT1 IXOU P ? a m D T t f a C N a C < K » 0 FOR KaOKMALPNOTEHtl AMD PtCWfCM PLAMCOPBCMn OWWOF PttMXATOl M V
g c w i •£Quw^<wpwpu«aa<iEwoaEwow>o>oi i iLwioTP»WAWD P t a v n t i puw1txiPKwiKsrt t1a0a.ca0LETicoa.nnv
ECOHPU IJOUWP»J*W>HPu:qO«»CODJOPCTfmO*OMCWWTP»IlttlJ- PttCKU PUUDOUCMM B> (VT1WNP3-1«CAfllcaTPCPTI0Mt mtCraqOB
tCOPMO CXCUPV^aCMWtEFCWiacaaUAlPKITCHtHAMOPHPOEMcrENO) PSOTA P>CmjOMO»AIXOTOXMAITnxrru»JkL(ISNS(CTALCCWPLCTC
ECCfVWP LCOUfraOAMDPNPOOMItNCOOMaPaOtOWLPKnMltSAMDjnaP PWUAWII PSGUXMCNMtYftMOAaUAMAMDIAAHCmEtENCODXlTirrV
ECOWHQM IXOUPF«DaBaa»MlFOAiacaOHALPIIOrGNam.COUPLST1C{«. PUMA! PteJDOWOWAfttYfCNtlMMAZOaaENCCOMlCIHUCUATUNPflOTKM

W tcopr«u«a'a}c»viCam p i » u a s a c o « p
fOH^Ax K S U » M O t t t t A D K U 0 a ( Q W 0 e t L C O U U E C

PCGPOPAO PBBSOU0NASAC«jaK3>A(HO|PLMaBC.COKnXriC
HSH£ aWUQWOBA P H O > P H C I J W C C * * T L W J B W ••><_ _ _ HSH£ PjaWUQOB O > C L W U J I BMW < — . V

ECOKW ft£0UB9ttOB«ENCOOM0PKaPHOteDCPHOVH«T«M(rV) 1M(V PMMODI iVMl«OAn>«ai(FtOia«aflJTT»NOCUjmONOOM W0A.W0I AND
•coftK Lcou4j« ivMa«a.7HV J a a a
tea**** exoj I P M acN»coDMOPp0re*nw. COMPLETE COB i s i v
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rotn. ECCUF-LKEPI
RMOW* PLAflMDR
FUKOtAU PUtfM»M(FnOUlTYVHMUPmMOXA>*CTA4J£TAWMKaBC,H«Sr ACF FUU»«UI BAICOMA W M OMKTSOIUTtD CmCLLJJ*. COMPLETE OENClfE.
ROAAOA M L W B M M - I AAOA (•TNOTOUYCMVECTMCWYCM ! *«•? ACM AWAW MYELOCYTOMATO— VMM MC»tFWWWL).OOMPLEn P W P T »

D P»4 PmJCATIOH COHTHOL POM COP* QCNE COOHO POfl BMA H. AOVCLCMV WTICiLOEMDOTKLIOM WWU» THAW A. PWOVWAL, POL. EMW AMDT LTW

P*7DW* PLA«irPWTYWCWYW»0FCLATX«M^AM(OMF^«*CCMPLITI. ACY AWA«t»A«CCMA V*MY7J,COMPLEn GENOME. *71«P
K77AH0 PLA«*»P^AfWEHCALP*»^AMCSO>CTCM0QCI.A«A.AaMAND ADBCO AOBJOMU TYPfi t. OO0UT1 OOtfMK. 3MJW
fUlTTT fLA*tM)MtTFTTMCrCLMiPEMVTAtCSR9na«0f(aTT1«AMOTUV AOCFB W***M AOQtOVHJB TYW1 FKf l OEME, COUPLETS CO*. AMD P W E W
RCACYCA FWODOPMUOOUOMAt CAfXATA CTCA OBg BCCOMO CYTOCmOME I M V I H C f I HUMAM tfHOWU BJtMOUP E (TYU 4) QH* M O W PWLH kH, COMPLETE
PJCALW mjujunnnMTHM nFHjL»T»LniiTiwn>iTiT>ijijji)irnii:Tmn AOCAI fffpffTnrtnni i c rnn nrTimittrMrt<^r*r*"Ti:* — •""»»*•
FCARCl WHOOOWPJPOMONAt CAWJLATA PHOTOBYMTKTC OSHI OIUTEM FOCI LOO- AOtAC A0EHOWW TYPE I HEWN, OK, (MA MONO PHOTO*. tMK 4 H 1

nirojriariTMfTin<r*ffi i-ATAnrrTTwmncTr g o < n _ i T m r T m M m . AOCDOP AOOCMPUBTYFI I , P S O K N O I»KD OLYCOPfioTEH MPNA,COMPLETE C O I
PAWMPXMHPHzoitJUNnAfCPtfxaecicooMapon THC ALPHA- A W MXHV wocvmnriTiMwiiCtiiwtonKiwjii1

PMJMKKO PMOMJWJAPONCI^NBWOf'EnaMCCOWFCflOWmOaSMAM ALPHA NXL AOEWWMJ* TYP1 7 LOT END OP TW OGNOML MAP CCOftDNtTU 0 M TO
PKJHFH IMZOBMI iAKMCUIP»WaMiBCCaNaNrn ioaBiU IF l . i acap AOL ADeOl«taTYPE1tl^FTEMIOFT>«a0C)UE.UAPCOOPC»MTtSMTO
P M J M R>C0WUMLS0iJMW0tAWJMngQP«POHf#TWOaa<RXATCW. COMPUTE A0TA TWI • • « * (TUFAlAt AOOOVWt SAflLY PtEOON (C I«J DCO0MO WALL
PHJONOO P»«OW«LEaUmO«AfU<NOCajLATKWaa«aNODA.NOOBAKINaOC M K X >0WAOXOVWU>TYP13(mAV.a|MJCOMae«.I»—f

AOL* O K W U « M 0 f
NCV

f n . 0 O . ( H
PVA4UOr«3KOAAaOCCOMPLVT1CO0MaKClUE»CG.»M«P ALMFWOMI A«AH UTELOKJWTCVS > • * • TTWOPDIfcWO OENE « T END. tUMP

RKTRVA PLA«UK)PJC3TTVAaOCCQ0MaP0f1PflHAM}Pa«Z.«K)PiU<MM. ALKU HOM BAKXUA VWUi {PfWOUl ITWMK V J M f f X * Q COMPLETE OBCUE.
PT1TET PLA«MD PT1 TETPtACYCLtC PfiBTTAMCS (T¥T) OCTVWWfTT PSOUjrTORY AUDI NOU* MfCOHA W U dCWBT-flurfM A) BW-WC-TLTR. U N V
fWUATP W U U W I I I M W I U M « If LPP1H.H LM U»«J > I I IF I iWI I I ' IL H I M 11. M J C W U * «0U» 1AACOUA WtU> (MCOWKO TO MUTANT 1441) SMV^MC-JLTft FKBON

ATH»IKL FOOT AWuouncii tAMvMjatnvv.tTmAHO-t-KjLKaMon'PNA
I C . AMPMA FOOT AND MOUTH M E A M VMU*, COUPLETS POLYPflOTEM COOMO U0UB4U.

RMCYC1 PLBMA0Ui3OCrCAa««ENCXX»UCYTOCHP)OUEC<COMPLSTICO> AlXNPVf AUTOOIV^FW QIJTOPMCA MHPV tAO^rV) POLYV̂ DWW OB«. I W
K •OTLE VWUi »«V) P#**1 Of COMPLETE OSWOUM. 11 «

MJTH fT S
M 1 C PtHCO3MC00«IPHAEKXKiF*C0reKN(f«CF.FBCa,FaCC).W«f Wt4 a E VWUi »

RtSflCU RJW*AgW06»PaACTOHCSWTS«FPJJTSHlMmiJ#T0EMi AND r FLAfL MVIS • ffff MJTH Y¥1« p
rn C»0«tiUE L a W B ( 0 0 L E S 1 ) C O C M a P a , I P P W J S •XNCW U « S S t C t W

RVVfCH HHOOOftBJOOMOiWt V W W PHOTOtYNTXTC HSACTKM CPfTtW O f fcltWII LA CHOSH VHJi S » « . COMFLSTB, COOMO FO* TW N AMD M-S M4V
t*LWi «M STAnmCCCCCU* AflEUS MUTAW tTTIAM VI • * * 0 0 * FOFl PWOTIM A. M W B.V *OV*C LRK6ML* V f U (PHOMPULL COMPLETE fWTfTMI •714V
ttCOMFA CHUaMOYlCmflktfOEMOMHENCODMaANOUrEHMEMHUNiPKITBi I .VBft I O * * U W M * W U I ( H P H W J EHVOPM AWD POT-SW HBMOH
M O V BHUaiAPU»«nHCIVa0«ENCCOMaCATAKXnSia«ACTWATOfl ITVU K.UCTaNaUCVtm«L>aBCCOUPLST1CD«.r77aP1

tUACHA I 0 M T U W K O C M O * C CHU POPJ OfTNME A. OXM* ILMI MMTAUMRA VMUt fWA tEOMEKT V. OOMRXTt, COOMO FOH A POUPWOTEM
•UALVO1 a jUMCaC&f l LV*eW OPTION LEADet PErmc OOC COMPLITS CO*. CPUCO* COMPSA MOSAIC V«Ut •OTTCU COMPOWPO FNA 9 RNA( OF COMPLETE U M P
•UAOMM ^ - ^ J . ^ - . r r 1 . 1 ,. CPMCOM COWftAMQ>AC W M I W U OCMPOtprT#J PtWt OF COUPLSTS OOOtt.
•UA^AtA »CTWmiiWKSK*MWa>0P«BCOC««PWAMMaeiK'ATJtYWTHA« BAGNV |OU>C NFECTDUt ANEUA VMUt PKMPUL POL p1 W AKD H*V O
B1AACLPP •MAfK^»CtNiOUTCTIKl«HINSIJOPWaTS»aefcr>LAWK»CO««1>*f EUkV ECT*<»*ICTTOUiANEMWVWU»(BAV)WIOWWLCWAOAOAWDPQACL • K C T K « H S I J O S » a e f c r
WATRPO aMAnCGSCENiTP»>OPCK)N:TIVOaCNSAt«0FUMCS M
tTABITB ».AUHEaJ» PfTMOTOaw lOEWE.COMPLETE CM. i n » P
STAOEH !>UP^UiO»(lE)SENCODMlUPAntgLVCan.ECT
tTALHAH ».WWJ0LYTKa»L*tAOCNl»<XaN0LJCOIAWClH
STALP •TAPKn^wccu«Hvcij»LFixMcocMapoftupA«c.t i ta# Fcswon wcHE0nu««co«iu*f3iMHVtvFanoCOa»a
VTA*PA t JUJKUS SPA OOC OOOMQ FDA PflOTEH A, CCMPLiTI CB T**tM* PCVBfW OAWCWW WWTBH FH.V KJgTYFS • PM-FSLV H. PWOWfW, EWVSL0P1
tTUtKM «TPEyTOMYCE«PLCATU»ENDO<CT**^ACSTUQLUC0a«.»•)KtHOOC FCVWK FSLHI HU(—A WWUi t»**»*A) PWOVWAL PW|0»>JaO— AWJ TLTW.
• T M M I t r u n o b r r c a B r m * u e * E I H E I o e c e c o t m a IWHA M I i w r H H S P FCWACHV FELME L G U O M H V M PV.V-1, QA rrrw**, ENV O O C . r FLAMC * LTTL
VTUTTV " * * * r « " ' " ' T T W r HrH F I L V K B T f « 0 < O C « P K N f W C P S T B C 0 a
•TRAKH •U^AMiA«)ae«SNCODHlA«Min'ATIUTA«eMMLDSHYtCM«af> PCW FBJ« LAUKEMW VVU1 (FELV-I| OAfrKX ANTnCH ONI <»C
•nunv •jAEcyuiK. ATMKaos.couPLsncm.M4ap FKMA §fujottAMfMmmnxjcTwn>^omi,»BMmumiMS0aam,
ITWVO iTflffTOMYCa HYOHOKOfCUi HYO HOC t4«a# RJMA M R U P C * » A O • K U W M f t KMWQILfTWW ptO <1.COWA. 1TJ
m r r P N SnSM0MAILYTaa«EMCOOKlAUTOLYHM » R U K M A * A L A » C A 7 T N ) N « N 0 H ^ f t t C T M P K > T 1 H K a i

n^^occcaj§ryoQCMnsMMiae«cco*«)PCMMiprKTTEN m t v runt WLUEKIAA«x»ALi«mA«ff«(m»«LNOHrn«rnjiw.pfonw
uAtuv rrrrr Tr-nr-Trm rnin«TTfmTT-rm -rr FLAMA ^fwoaAmlB^*iMr^uMXKcmo*\\^m.m^mMmmM^tttsa^

•TP*X iTwcrnr ivn»rri — • •HIIUJIIIBI HI lunuLiLCHirLrrta • PUU ttujoa*iwttaiawnomm.*^ AWOM»FHOTS*IHMAMM7V
•rmraap irmfTococcu w> »>WCCTMJOWOUFotifaowBcoowaiwwmf PUNA rnimrr* •iirrrrrm"! pnri.rnm-iwwrac[rninrTT im <
i m m v a rrasyTOMYcaAwofQMPowuwgTAVPw o f PLLM fvJtnZAAmmiaMxnw7W OrmxnUPfcrrEx
•TYAUI aTY^«MLI«LHALnaO«nCOOMaALANMiPMCEUAa .OOWnXTSCM PLMNi
VTYAfWO ITYPHMUNLMAHAftAOOPCKKAlUa, AIWA. AMD AAAO OENE* COt»*> FOB PLPHA M H
•TY m v v w r > i i r r r T T r n t o r i < M f t i O f ) P « PLYHA i f i i m m 'iMninwun ii

W V T l * f t f T t W #UJBWA M m K M
VTYOCW ±rmmmMC**aanBKxxMaAPvmmmt»aa&*OTKB»n<m* FUMA i«ujSZAMiMow(KMtxHEiAMt>ACS(tco«FMA.M<
KTVOCY STYPHWUPMHiaO«0r«KN|C>«CITAXSLO«iaS«rEM}.C>CY FM»* HPLUENZA A M M M [WHO. MUCLEO«WTS« (*S0 « , CDMA. tW
iTYOV LTYPHUUPILH C«P> OSMi VCOOMa CATAKUn (MM ACTWATOft MMV FU4P1 MLUOOA ANTAMI #ONQ. POLYUEfUttS t (tSO A CtMA. t M I V
»TYCY» t T Y f H M U K M C Y « O 0 < . C O M P L S T S C X « . i r M V FUMV M L U P g A A-WT*— WMft. P O . Y M W E t (MO ̂  PWA B M M
•TVOAM >,TYMHL«PlN0AaaCNEEMCOD*MALAN»CI\ACCUA«L1W«V MM MUJBKA AWTnMC #<•«. POLYMBV«) MO V
KTYaWI SAiiOMEU>TYTHHunKUHMa0«ENCOCMaPWSFLOKiW»F F MLU»<ZA «Wlg««W<WMW1 VWtHWa W S A i O u K 0 « E C O C a P H W J S 1 F L O K i J W W « » F FVTW
• T V T U M C S . T r n * « U m j U R j k O a L H C O N r K X E L G M E H T M P « A M D W a W l N M V FMOHA A J S T O 0 C | ( 1 . « 0 r M . a
•TYHDW S T W M U W M W R j U ) C U J < A M D H M 0 O « * , K U J O M 0 i M l V K M FMOU WWIgNT* »W W T I I Wf I Will |T tMiWNIHt LMAIPII FPJWtWI.
fTYH«o* ±Tvn+sjmMmC0%rKMCCHTWxma*MnvcscmoumQ<XMt.it*r FMOMA HPLUEWZA w t m o PJCOOJ MCiMwaaci (WWL MEUIUWJOAM
•TY>«TO «TYn««LfKMAfHTaEK«HVTI3»CmAMBKAT0P«O144aaP FMONP MHUQgA A^UEmORO>MlfCA< l«WPOC{mwiLNUCLlL»warSW
•TYI.VM ITYfHWUf iLHLVQE€«0rE IO4LEADB1PCPTK0B«.C0MPLinC0t . FMONB H M J » g A »WiEITTO PJOOM IfC AMJWgoe CWWIL MCW»TWUCnj>WL W >
•TYLEUD •wwnr*i ir iTTnii .rmiLri jniTMgir"nrnniTMEn*OT rrmr pwon ifiiCNTi w i i m i i w lonf fw—fNID I I I IHU.F I I iMiwur i tM«e
STYHETJ I TYPHHUPKM MTU • • « . CCWPIXTI COS. AMD UVTt OCNE, PAItTML. FMOPI PAUSHZA AfUBtTO nJCOWMfCAHMDOQ {mttlj, PCLYMERAKI W 3 V
STYOMPA S.TY^HWU<UMC^CRMEMMVW«P1UTEHtOMN|UMLCOMPLEnCm. FMOR tJUJOCA ^nMHTO WCCflU MC I M W O M j (Wlm, POLYMDlAtE J t M f P
STYFMA ITlTl»*>»Mr|-«r i y n r f M I I TiMII WiMrMTfTmTT llimiKr II * f FUJNA •AUSNZAAM»W7 O W . MCURAMMnMI |HO «. COMA. WWW
rrvpar* • w.wruaiftrrntnjrw.MnrunmvrminmwonTmTEMATTTVATOW FUOW wnimT* W P J W I I I I HIMomm i»< inf i im>t f n nrrwf

« 0 0 W C »*« •»«« . WO0« FMO« (>.
TV37TK T1PLA*»(A.TUarACV^NCVAU««T1tWT^<T1«(UNE,CCMPLCn M O M WRUSNZA AVTC1CTOWT WMQ, m W U N M E <«EO %. COMPL1T1
T T U W TlPU*WO(*-TUMtr*CW«|NC#«J«rmAM CM, MOV LOCUS •<«« PMOU i*UJ6WAAAJOOBMr71{K3N5,MATIWPtWTBM (SSO 71 COMA. 1MT7W
TVC7TL MTEOAATGCT1 PLMMO(A.TUWSFACS*OCTO»K fTHA«4nUHBCfVTT MONA MRUSMZA A4JDOPH7I > I I H ) . I C i n n W 1 H r H m « PNA. M M V

_^._. mam 9twoaAMJoomrnttfmttomT^ucTvmrnj\wttuattco

MMCCCT0PMl(A.TUIEFACeMVVCL0CU*MCOOMaV*C1
PTU*C(FPjOHATLMB«CaM^VlboPCnOMEMCOOMaA

FUTMC WUIWA
FWTMI t 0 * . u B a A * M * t ( i , x n 9 m
FUUHA MPLUEMA Vf lCTOCAOT tCWQ, KWAQ OLUTWM ( M f l 41. COMA.
FMUNA NRUBOA AMCTONUV* patau MEUHAUMOAM (tea * . CONA.
FWYHA M . U M U M M H » (MW1L HB4AOaLUT»« (WO 4L COMA. 177M*
FMYM WRUPOA » W » M ^ t W i k t K U W W A t g C O n.COMA. VWM»
FHYF1 t A U V O A AMK«D(mH1L POLYMBWM I (MOT), COMA. U4HP>
FWYR MFLUEWZA AJWWMJ (HtML POL YMSWA1 3 (MO 1L COMA. P«t»P
F O I Pu/ENuiHCMKOMavnHEMAaaur»M{HA){at tPMi^cama pLA««f« i jKFAC«««v*« ieB« .coMPLfnca . i7o«F FOIHI M C u { ) { > ^

T»«*TfTPI TTW«fOaOMTH1«TETWCYCL«SPtGHVTmClAMOPanHHOMaSMESnTA PWHA HRUWZAIUEM*. HEUAOOLUTVM (SEO 4) PMA. IMOV
TftiiHtST T1IAMVO«OMT>nM1ENCCONaH&AT«T«LS(ST)TOni«MaP PCTHAZ NFLUBOA kLEEMO. HBtAOOU/TMN (SCO 4L CCMPLETS ttOUSMT U O V
TPM1TTTH TmMWOtMTMTTnTWWMS FOB WOOLVAM. WiW F01U MFLUENZA K O M , HATHX PHOTSM (COMPLETE SCO T) f*M. 11 tit*
TTt THW«rOI0NTHrH00U>TCflPf«0nMriMPU|aB«.PAKLVA«i(TMPfQ FDIHA MLUEWA HESMt. MSUUWfPWtH HICSO HMA ^ ^

TTUHtPOtOMTNnTMPflaBCIIIMr KHMP itfUJPCAHBWMUCLPOWICJTmtfCKHMP i t f U J H B W , U C L P O t f C O ^ . L S S M
FOtMi MFLUSWA b f b w * . MCWTWJCTtfW. PHOTSM (UO % PMA. M O P
P09HA MPLUPgAfcOMOOWW, mwOOUJTHM fHA> OtME W O f t CCMPLEn

fc C U0» T SM OEMS (WMA • » » • U3Mg
< fftO COMA M T W

U i l P M U X M C « CUOWOtTMWnO»«TMPP0WTTWaP0«MS-iaf FD#* »* (
TFMUiiet TTWPOtOW THM1 MCPU OOtt SMCOOWO MEWCUWJC FBMJCTAJS. rW7g FOIHA WPLUEMA&CALT0WA^7«. HCMAflfl.I fT—< fftO 4^ COMA.
TTMUIMP THMBfO«OHTNMiTNmaO«.11«V FC«« •tfUJPgA&CAUOWA^MiPWOTSWtSEOn. COMPLETE.
TPHH4 TTIAMWOJCM TMM4 FHOM UMJW6U. CCMWJTE, CCWTWM O FWJ V M MB3UTESAHY CFU 0 0 * a V
TW T M L S F T r D H C T

TWOPa TTM«PO«ONTN7TY#1.10»mnOPOUTinBIUCT«

T W M ; TIWMKMCNTMBt7pOMPLETClUACIULnC-LM _ _ , „

TW«CMfiM T T W ^ o » C T T N C * t » Q i J W f f l « M C O L T i w « A c r T y L A « o o * . i « V i p ' i j i i n i r n " i IM- t i ' i YMTI"wrrrTTTtrT-ai"nri'•"rift"•nmli >>>• frnn~-rp' " ^ * "*=
m t f i j i TTKt fM0PHU«LM0SMCODM)POn»OPW*nMALAnDSHY0KneiA«l HNC0C41 HUMMT«SU.LTMPHOnK]PCM«J>TYPIB(COC-4«tLr-L'niAMD«Aa
w e n mnu i;nrirn- T - " i i rn - | rnnnnw in >r H*COCO Huu«wT-CEu.LYMPHCinionct«u*TrpfB|CDĉ «n.TATocNS,Ew

r400

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/16/suppl/r315/2358545 by guest on 19 April 2024



Nucleic Acids Research

HfVDSM HUMAN T-GELL tYMPHJTROPC YWUB TYPE • , SOR. TAT ART.ANDBK
WVSJCO HUMAN LYMPKADSNOPATHY VRUB (EU BOLATEt COUPLETE Q O C M t ( IMS*
I M M W HUMAN T-CELL LYMPHCTROPIC WPJJ* TYPE • , •CLATE BtC, QAO-POL
IWHI1IB HUMMT-CEU.LEUKEMUVmMTYKH(ACBL ISOLATE BMt,ENVOENE
* M C O HUMAN T-Caj.LYMPH0TR0F1CV«Ui TYPE • , COMPLETE REFERENCE I7WBP

HM03UCO HUMAN T-CBJ, LYMPHOTROFC VMUB TYPE • {KMO1 COMPLETE <UMOML
HM4ALCO HUMAN LYMFHAOtMOPATHY VVUB (UAL ISOLATE*. COUFLSTE OENOUC HCMP
HWRFVfV HUMmLYMFH0TROFCVV«JaTYFSB(RFaOLATE),BNVW>C.B«BBF
nvwMji i-n~"n r~."irtii -~r.T"apT mir
H K » HUMAN T-CRLLYMFHOTROFICVWUB TYPE • (ZAM • MOLATEL SOR.
H.1PROP HUMAN T-CSLL LEUKEMU VHJS TYPE I (FROV«AU. OCUPLETE MNOUE.
HL1PX HUMAN T-CeiLCUKEMUVMUBTYP11, PXQ0C URNA (11 ¥»% UMBP
HJOQ HUMAN T-CELL LCUKEMWVWUS TYPE I . COUPLETS PROWU. OEWOUE.
HJSHV HUMAN TL«»MOTROPIC* *W TYPE S. ENV OBS. MMSP
* A * C O HLUANHEFATmBAvnu>,C0MFLCTSaENCkSL7(TSBF
HPBADR HEMTmSBVWUafBUBTYPEAOR) COMFLITI OSNCUt M MBF
HFBADRCO HCPATTm B VMUB (BUSTYFE AOR». COUFLETS O«OUE, CLOW AOR4
HPBJCW HEPATTTIS B VWJS (SUBTYPE ADWL COMPLETE I T P r * * 3 ) « * P
HP&ADYW HUMAN HEPATTTB1 B WVJB SUBTYPE AOYWANTDB4OENtSt>43aP
HFBAYW HUMAN HEFATmS S VPKJ1 #UBTYFE AYWL COMFLETS OENOUE. 11OBF
I P T J B B I W I HEPATmS B MRUS MHJBTYFC AYW) SURFACE ANTHCM HS-SJO 9 M , MMJP
HnSAO «PATrmSWRUBSURFACtAWTI>EHMAXWfWJlMI«Pi A fCW-MCW

HRV HUMAN RHMOWRUB TYPE M (WWMJ, COUPLETS OEHOUE. Tl i j«P
" HUMAN NHWCMUS TYPE «(HFMj. COUPLETE W C U L 71 QJ*P

HB»«S SMFLCt H U B TYP« 1 Q « F O R J M » R » PROTKW McMF

1ATF HSV19TRAWF) ALPHA TRAMS WDUPNO FACTOR, CCMFLETE C M M3BP
11 C O HSViBQ^AlXAL»«BIC«4UCLEAM(>ENE,ai7»4,1»tMAPUHrTS HTSt f

HS10B H~- ~
HBKJBCP

•we . .
I1OCM HSV-t [STRAW MP) D E F E C T M OLYCOPROTBW C OGNE. UU ( O 4 « .
lOD HSV1 aLYCOPnOTEHDOOCItaBF

OLYCOFROTEW-0 OEMS, COMFLETS C M .
1 MMHMTE-EARLY MFHA4, COUPLETE O M

I1P0L h«V1faDS>ORM.RMCM AMD POLYMSRASE (POL) « • « , COUPLETS C M
1POL1T WVMIT) ORL RtOOW, P O L Y M W E AND DMA BfCWP PRQTSW ( M M * .

IUS HBV1 (STRAW IT) COUPLETS SHORT UMOJ* ( * • » *WTH PARTIAL MMSBP
HBKKO HSV495U«ALULNiCeCNUCLEA«aCS.« i r r -«1«UAFUNrrS

W W * HUMAN PARAWFLUENZA WRUB TYPE 1 M U O B X A « t D PROTew, COUPLETE
RFPCO HUMM PARAHRUBCAJVWU U R M ENCCOWQ P ANDC PROTONS
PUCO JC PCLYCMAMRUS gcV).COUPLET! SSMCMt. t
PLYT P O t Y O U A W W S m W A I (AND A * COMPLETE OE
PLYJ POLYOUA V * U BTRAW Al COUPLETS « O U E _ t
POL1 fOjOH«USTYP11^AHOMYrnW#«.CQUPLETiaa
K U U W POUOMRL«TYFC I «JWBMQ STRAWS CCUPLTT I«N0UE,K17V
P0UI.1I F O L D * * * * TYW > LEON W - 1 4 0 A S W VAOONE1COMWJTS a « C M t
P0ULS7 PCLJOVWUB n/LSOHPl (TITS % COUPLET! MNOUE. M H M
PPHU HUMAN P A F l i J ^ V V t * TYPE MpOTflM COUPLETE aSM0MC.7K«aP
PPH1A HUMAN P A F U U M V V M l A . COUPLET! QOlOUE,)«11BF
PPL LYMPHOTROPC PAPOVAVMJS (JV). COMPUTE (HNCML UTCBF
PfMVPi ^ ~ ^ - w - • - — .TT|. • • • - . - ~ J . . — . , r r n n [ T | . 1 r f r r D | C c r f n .^
PFWVFTU UONKEY»4.YM«<inrROPKPAPCVAWlJ»I^ANTt^V-*IPBTlB » * « F
FTMWW PUNTATOROPHLBO*RJSSR*^COD*«1 FORM AND NSPROTSM I N «

PAftVOWRUB H-1, COMPLETE QfNOMC. S17W
W HUMAN PAPOVAVMUS BK, VARUWT DUNLOP COUPLETS OBtOME. tlOBP

W W HUMAN PAPOVAWFUSBK. VAFtANTUU, COMPLETE D B M C w W
PVFVf FBJNE PAAfUKOPEMA W U STRUCTURAL PROTE* OCMS, VP1 ANDVft
ftAVOP nA*E«V«U«(EHAITH*4.aLYCOPnOTSHUR»U.1Mtfr
T ' * * " T I MAKt flM HI. U l .9 AND N O B M , CCUPLffTG CDS. ANDLOSO.
F«FTK tWO« r i T I I I V f U | THYMD** K W g OEtS, COUPLET! COS. 1 1 W
KOMlC PIEOW«J» •OCTYI'Sa t1 OOC OCOOMO MOMA 1 PBOTtW. COUPLET! C M
K O n C WOVHJttC«TYPG3t3OGNtNCH«T1tJCnjnM.PflCITENHBUM,
REOS4 K O M U t ifiWTYPS J, B U N T 4. HAJOPIHRFACS PfWTBN UOMAJ OBC,
RHUMT7 HUMAN HOTAWUS rHUMUVTfWCWV77. SCKTTYFS Q. OOUPLETS K O •,
BOnt HUMAN WA HOT A m i OCC 1 • FOM NONVTFtUCTUW. OLVCOPfCrTO* NCVn
RON HUMAN W* ROTAVWH O M I FOB MWOTrPt aPtCIX ANTIoe< VP7 1M3BP
RCMCO* HUUM VW ROTAV«Ut UOUENT • MA, W« O0C, COUPLETL I M V
RCSlO UK K M C BOTAVBU* FtW O M KOUBfT 10. COUPLET! CD*. T t i ^
K S t i W10V»««0TAW*Ui R H A O O « « E « * M T 1 1 . C C U P L E T I C O « - » 7 W
ROM WiOW«H0TAVW*Jit<ROT1fftlPEC>l.QLYCOPWCmCWOeC.10*Mf

R O M C T K W C R O T A W U * ^ F T T R A H n o u G N T • . M A J O R C A P M J P R O T B M .
PKan UK IOVME HOTAVWU* MOMENT • COOMl FOB NOWTBUCTURAL PHOTBM
HOTOIO i i r - f i n nCTTAWRu»asw«ioFOWHc»wTBUErnjRAi.gt'iCijpRuiwi<NCVW
KOTM t M A N I I POTAWHM MOMWT • WA, W* « C COUPUTl OC7*P
ROTO7 H I M 11 POTAVfM MNS T FOB WO»*TRueTUR*L PROTCH MCVW 11««P
ROTO* «HAN 11 HCJTA«RU» M M • FOB NOMTTRUCTUFUl PROTBW MCW1. H M T
ROTVF7 «UWN 11 ROTAVWL* UAJOR OLT!R CAPM) PROTWJ VTt (SEO tj, CCK*.
R0WF7HC D M M ROTAVWJi (1TRAW NCOV) SURFACI ANTIXH » 7 O B * . 1 « O V
ROVWm IIOTAV«UB(HUM«MMROTYrEtS«MSMTI|VP7IUrrACGANT)OEH10«ar

fy\TIWn~M/ VTn.W ffhKY) Y f W nH~OltT«^ I T m W T I mCnT
o t r r *

r r
E . V

HMSfWP EP«TSWlARRVWIJSUAJOROUT0tENVBJ3ftatVCOMKrTBNaa«ianU
H*4UP V*TCH4ARRWt«,PUTATnCLVDUAaB«.MCTflP
M4HAH EnTCH«Amv«U>LAAOCRPnOT!M«^), COUPLETS C0«. AND NUCLEAR
KUNM EnTtHUWWUiNUCLSAflANnaCNUUTV
HMUMtt VtT0i«AmMPLB(«M7«aCljn^lja-f«DOUMNDCOOHl NUCLEAR
HMUORU CPTTSK«ARRM«J«aM^Majn^U»«KDOUMiDCOD*«lNUCLtAR
W « HUMAN CYTOM10 tLXMtOM ffTTWH TQWK) RMOH 1 M^M*T1 EARLY fft
HH«I.1S( HUMAN CYTCMttAOVMI* VU. RSOKM BCODMO A 3»KDPROTIK 11TBW
HHUK4 HUUANCYTarfE4AtJ3V*IJtrrCW«UAX]RMilKWTCGAR.Y0C)UNE,

W m HPPB»WRUi WWT>fmP¥UtT!tVHTHAMQP«,COMWjr!CM-JJJMP
HtTTK UARUOHT«nK«VWUap*U»W)T>flHC>MKMA<E OB« WD FLAWS
•AOt AWAN PWCTIOf SfCHCHmS W U I V m X X STRAW W1 MRWA D r-SHD
B W CORCI^WRUS*V«B«FORSnCIPR0TEMPRKUM0R]B4lsr
LSVNS U««AW«J>(STFJWaAW1)NUCLSOCAP«Dge«.C0UPLCTCCM ino«P
UAARSAU ALWLFAU084ICW1US(STRAWt) FHA3, PJ * O M PAOTSM, KUaP
UAARHU ALFA1FA UOSMC W«JS (STRAW 4H LECCMI RHA 4 BCODMOWW. COAT
usocau ssANOOLDSNUoaAcvnua, DM* I OF COUPLITS OBKam-mme

S&M(U0«AK;MRUS,DNAtOFCOMPLITf D B O H . M W
•ROUiUO*ACWnuSRNA10FCOUPLJTiaOCUC.3IMV

flUC*MCVHJ*RNA>OPOOUPLST!O«OUC.IM«P
IROMlUC*ACV*tJB(RU««HNBTRAMtRHA3(ANDRMA4LOFrnBP

0 M CAULAjOHSXMOWACVffVJ* (STRAM CHtMILCOUPLITtaWOUEHaiaP
MCACOOM OUJ^LOW«RUO*AC«*««(ALTna)V*U^CtaOLATEC^COUPLCT!
UPWTRW CAUJLOWCT MOtAC WWUS (ITR—UUM STRAtt. COUPLETE W C M 1
UCCflHAJ CO«fftACHjOfOTCUCnTLSvnjSRNA3,CCMfLGTSCOATPROTtWCOS
MCmVA UPWCaiFOCU^TOfftaa^MUIW^WULV.CMaOLATELmCWM.
HCVWA1C CUCUMMR UOSAC WtUS |0 STRUM) RNA 1, COUPLETl 33MV

ucvwAjc nn—-ri r-nrnrBnrTTvrjrrr i.rnnrrr. mnr
OJCUMURUOSAJC v*us(OSTRAHtR*uicouPLiT!ssauBn-nnaf

SNDIWQ BEMDAJ WFJUS HN OEM END
BNDM CSNOAI VIRUS U (MATRIX OR M
BNDV1 SBCAIV*«JBUWMFORPROTtWSNP.P,c!riANbH-TERU0FP I 0 U P
S*HW SMOMSHOC HARE WUB, COMFLCTE U RkA BBOMOn'COOWO FOR O PROTEW,
svtoa —arf i iTfs r r n n i T T i M _ n . * i MIBW
S W W P «MiNvnuB>KEMAoaanww4Cuii«Hiy«(HM)pROT!w t\tar
EVaPFC I H W VWUS t, FROTfW F URHA. COMFLETS CM ICJBf
SVCPU tFRWaV1Ra^OFCARPV*tJSSTRUCTURA1.PROTEWU,MRNA.T1C«P
TWVCOHAT TTiTrriTrii-iriaiinii i TITIII m i l i n |iri| iwim
TNB SATSLUTSTCB*CCONgRC<»V*W».CC>*^jrS(MNCMg 1KWBP
TOTRVTWi TOBACCO RATTLE VWUB (TRV) RMA1 V-TSRWMUB. OB0f
T W F H U TOBACCO STR»AK VKUS (STRAW WC) ft**. J, COUFLETE SCOUENT S M f

VAOW VACCMAV*USHEMha01UTW<a6HS, COMPLETE COS. 1KHBF
VACHWD3O VACCWUV*K«(rrRAW1^HMMDFRA{]MCNTDMA,C0MFL(Tl.
VACMCPF* VACCWWVWUBP^SiAJORCOREPCLYFSFTCIEjaEHE, COMFLETS OOS
VACULO VACC N U VWUS MAJCR LATE OBNE ENCOOwa A am PROTCW, COMFLETS
VACHTP VACCHA V*WJ* NUCLS C AC&DCFCNDCNT NUCLEOSM TT^PHOSfHATASE I
VACFCLO VACCWM,VWUB DHt POLVMERA«S OSNE. COMPLETE COB SUMP
VACFOLO VACCtCA VMUS (STRAW WR) HWCM L WO J FRAOMBNT* ENCCOWa

VAATK VAMOLA V«W» T O I M C SW
VAZfCS VARCBXA-20STER V*«JB OCNOUG FRAflMSKT MTH UAJOR WVWTTfD RWtAT
VAZUS VARCSUAJCXTW VHJB (VTV) UMOUS SSOUCNCI (USf COMPONBff N M f
VLVCO VWULBTTIMRUl (PROWW. R^OJINDC STRAM 1114) CCMPLFT! 0ST40UL
W 'iTBTI I. nfi rTTTMiiTms I.Tfl.W (I CWITi TTI >J I IT I) 1—HIC*! fWffriir
WVUPORt VOCULAR STOMATTns H U fOR**Y> 0 PROTSW URNA. COUWJTt COS
WVLMS W B C U J W STOUATTTlS WRUS PO-'WiPWai (Q 0O<, COMFUTS COS
VSWNJ WSK3JLAR STOMATmi WRU« («V-HJ) UATRa (U) PROHtK COUPLET!
VtVHHJ VESK^JLARrrCBlATmtV«<Jip«WJSRS^NPROTEHUPf^COUPLfTI.
H M f l VHCUJMfTOUATrnB V«U«MCWJCRSCY1HBPROTB4URHA.H4«y

wococHucxHEnTrmVIVAcowpLFnonouc.star
x m n c a m o e

U W C U S M U S r O J M V a C i D l
U0(Jl>CYIU«CSUFOaJS-F0RMM(lPRO%«ALENV0BflAN0LTRMap

M.\W*m UULV (STRAW RA0LWMJ(T*4^» EHV OCMC. COUPLETC COS, AM) T LTR.
ULVRSNV AALBCHRUWKCmLFOCl«FORUNaVHUSDfVaaCAND3-LTRBOV
ULJtSNVM UURMILEU(EWUWUWB^1ia*7mOPCPROm*LDHA.POLANOCMV

Y

WHV»AO MOOOCHUCK HEFATTm VWU8 MMCM ANTW» OG
HMFCO I C I T I •_ • Til T i l l , C C i r U T l WTIXIL I I I I L f
YFV YSLLOWF!VW WM.COUPLET! OfiNOMt M O V

MTDTXM |
SACTSRCTWM M.CQUPIJT! M a i . M

KfiO^V SH IER*»IWIIh M DNA BWOMQ PROTMW p
LAU I TTTnm IVin f p . n i I nncC.
L'MIMOI •ACTPOOPHMMLAMIAaWHI CCOHM1 r
UU 1ACTCHOPHWUUU.COUPLGTS HCMOML MC7UWTEMV UC4JU MAHUARYTUUOR VIRUS BfVUR«M.3SUS# UU

MWTBMn U0USCMAUMARYTLH0R\MUBPRO%«M.ENV&OPE 0SM RCOCM. XH1V Mtt
MHTTLTR UHTVOMMC4JMUAUUARYTU«ORVVIL*fU»MTSRU*iH.R0«ATDNA. PUNC SJCtU* K J l T U PHMK PW « • WUUMTTY MOJON WTH RS PREMOR O0C
UPVTK UONKtYPOX VWUiTHYMOMEKHAU OBC tTTHT PHMR1 t W T M »IWTt n i I I I I fWM l lD f rMiJ m W f rTTl l lNW
usHPn Hvrv«YMU<s«s«RccMAV«JSPtiv-HA«PROTEMQC«.t*TV poo SiVTiTWiri IVK rst CT nEmftnfi fmr. MTtr
MSirilA HUW«SARCC«MVW»HAR1«Y-STRAW|H««oeCFORTRANSFORUMa PtZfRP KACTCWOW WM PQ BKKTW, RtOOUSHAnON PUMCTlON(BF) Qprt.
USJHUBV PUUURWlC*TtC«ARCOMAV*<BrftO«*UL),C0UPUT!(HN0Ut4Xl«P PZSiU tACTSMOPHAOl P» I*»*«TY RSOJCN #JM( AW O M COOM FOR
UWJtl KMST8WUURiaiARCOMAVP»J»Pf1»IOBPROTP<OSWE-l04»> POPAC >ACTmuW W1M POTtRWWM OEHE p PRUTEWL CCMWJTS COS MOt#
l i s m w n UCLOMEYUUW SARCOMA W U ^ lOVWt j MOHiH CWHl AND PLAWtt PDRTOP •ACTSRCfHAM Pn ROHTOPBRONOENEC*. RfPUCATlONOOCS « AND

ROC O W E Y M l J » a S W M * V W U > R O * W C O M W M P P X P » A N D « O O a P T A rq » U j r a o t . H j
USRMUSV P|flUURff«0SrriC«ARCOUAVWt«^ROnUL).COMVLGTS0B«CMI.»iikP
UBW MAIZE STMAK W M , C O » i m a 0 O C . M W
USVRAS SA1BCUUMC SARCOMA V*U8 HRM) RftATSO CNCOOO«, CXl^LETl CO«,

PROV«MYUOS«TR
I4T0A TOMATO OCLDGNUOSACVWS COUPOMEHT A OF COUPLETE OSNOMt BMS
UTRRI TOBACCO RATTUVVtUBWA^ (CAM STRAWI FOR C J M D P R O n M - 1 7 « a P
UTV3MCF TtmACCOU0«ACV«UafCO«IIHA STRAW) « • COAT PROTGM OSMS
unco Tti*rr""^*"""Tt.TT""Tn*rJ)L—inPTjM7nr-i rtiwr
UTW TCSMCCOUC*ACV«mB^TRAWYUja*R&COUPLCTtOEWOMS-niBg
UTYt TURNrYmLOWUC*MCVHUSaEMCMK;(HtAVY>PMA.TBM0 M « P
UTYCOAT TUWrYOIi»VU0«ACV«*JSCCMTPR0TCWURMA.M<|p
NPAFtOB AUTOQRAPHA CAiJTJRMCA MUCLtAR PCLYHYORC— WUS P H 0 P « FOR
HPVH NUCLIJ«FClYKEDRC««V«««tOFBJ«0f»POLYHEDRMaBa,I
PCS Sa«IMSARCCBUVMJSrROVMAUCOUniTEaB«CMC.Sn«r
PCS3 ««*ANSARCCMA V>*UB(PROV*UQ TRANBPORUWO RSOCN, t
I I Bill PI»*«fAflEHiMRU«SU«LL(S)RtW,COMPLSTC.34nW
I I B i l l T P AR»MMIUBSRNA1-END. CODMQ FOR THIN PROT!M.SMea
PVNF HUHAN PARAWH.UWZA 3 VWUS NUCLGOCAFSO PRUrtW (NP) O M , tMCBP

O B . B ,
P W a BACT!RCPMA«PHMQC)MiUNrTYRHUCHBCOOMlTHENaENE 177MP
PAJLC •JCTEWVHUIPA->|XO»«GMX0M3CH/TGnuEMBIWMf PORW PROTON
PFIC tACTEROPHAOC PI. COUPLfTI OCNOUE. M07IP
PF1D Lt fTTlROPHAaEPFiaBCEMXDM>DMBW0waPR0TE»t<JSV
PFKX71 »ACTEWuP1 IAI3t Fl OEME«V.V1*C VLTlMJf
PF3SVMCP SACTSRJOFHMJB Pf3 (PJ*RWW0SA| ONAVPOWO PROTTIM AND MAJOP COAT
PF9UCP PHA4I PRIMAJORCOAT PROTSW O B * . COMPLETE CODWO SSOUEHCC 4 t S V
PFD I A C T P * C # I M W M F O , S T R A W « n , C O H P L E T ! O W O M K . » 4 « S » P
P04 BACTBVOPHAU CM COUPLCTE OCMCUS. H 7 7 V
PHJTHTPJ kACTFJVOPHMl PH«T THYW OSWS CNCOOMO THYUDYlAT! SYNTWTASS,
PUUA U C m C P H U I UU O S M A BCCCWO TRAMPOBAM, COUPLJTI CO* 33«SF
PUUB 1ACTIHOPHMU UU PROTEW • O B * . COMPLfTl COS WCW
PK1JQPW0W SACTBiOPHAOB UU BSTA R U K M MOU AND OW O 0 « S AND T RJ—L1 W t f
PUUlSt «ACTSR10FHWHUUBWUNrrYN»KM«JFTa<)0F0e«MG) tMSW
fTKMl • A C T 1 W O P W Pi CM00* EWCODWQ H f £ 0 * 1 H<C,CO1RECOUBWATCH
PPiRtP BACTBlOPIWai PI PUMMP RtFUCON LAUB0A-P1JH RgUCATOH RttUOM
PP4B. COUPMMK M KARIY ANDLATI RSOKHB M 1 « P
PT1FOL XCT1W0FHAD6 T l 0 B C I EMCODMO RMA POLYUSRASC, COUPLGTC COS
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. B£K-T1*U MO ATFAH

BmMTDC0O«.mxECm » « m M T O J YIOTn^aLA«mTA)MnTXHCHWUlC»4AtCTW»iCYTOCW*»liOMOA«S
IJW^B*OrHUCT4EOEWBiXX»«>LVaCZWC,CCI«UTCCOa.M«P WWTCYW T I M T (B^OM«E) WTOCHOClfM. COB OEM B C C W M AfOCYTOCWOlEi

TD1 BACIWOftiAM T4 HtO AND TD T P T 1 DCOOMO DMrWWFXXTi RQUCTACE

c u | * n
BACTENOPHAOS T4 O N » BCCOMO DMA UOAM. COMPl£TI CO*. «
IACT«IVHM)ITIIM8ENCaMaMaUM0fMnDTBPT4OM0J7 tA£TnOPHMET4OO0MANO17fCOMUTEi:MA»M{»wmAU

PTIQwau •ACIkHKTHAOf T4BBtEt H. ALPHA-OT 47.4*.4ft, 44,«.HEOA,
FT4OCULC UCTB*OfHAOfiT4a»Cia|BOXMai*MUaA*C)MDNx.CCa*lCT1
PT4<MTQn lACTmOPHNOE T4 OBCi *7, M AND H 7I7W M r PUT

PHADS T4 PtVT O H POM FOLTWXUOnO* KMAM (PMQ. D » V MOV BOWC
BACTB«orwai T4 I M Y O S M MVCLVED M T>S RSOOMHATION MTMHAY nm V J W T

uwr»o iACTs«oniidST4a0Siuvtx.4i,*tw.aAu,MAWioc»cooN3 cm CMCKOI
rntroa »ACT0KrHMXT»Diaoe«FonrccxK« iV SL
FTITTOO tACTCIKyHAilCTI0MP0nT1
FT7 tACTS«OfHMKT7.CCI«1^Tl 00*00. J

i tin, r m
nAtet BAcrcnoPtttoc PZA p a i i-auvnjn uuon w i r REOCH. uoaap ceo t. ecu
•PUT0I7 BACTHWFMAO1WO1 # m « T U * OBS IT WOCLS PMMCTTcn. AND O H VTY H W I l l fi T l T l M i m i
•e iM tACT¥TCCn«MUBfO1«AjrrU«0EMEIIlAND34EHC0CMaiiaUA T

ucTmorHiac S K I TRANKHPTICM ucron i (TT\) ao*. cc»»un cm.
L >ACTiH0mA<X>KV«J<jaTLl«amiLEHCCOtaD>UK|«

AMOULAW UT AK)CYTCO«IOUi B (CCSA) CHOC, DCCHL l
A M O U L A M W T D M A I C l > « B 4 H V W B H M t J U e T O « WWTDMIC«B»BHMtJUeO«4«
AMXJUM WT Am-TTWA. AW TTMA AM) ATFAH (KJKHT «| OCNB.

«MTWF AKMJLAM hfT IMDENTTKD fttAOHS mAMB UBF1 AW U**4 M W
•LVCPATF* tAfl^CMXJfKtfuaTATPilMMBUMTVItGAMDf-nMAaeCKMIttP
KMWT ICTW MTOCHOWDWCN, COtWJTt OPOW. i m f
WCW t ! CMLOHOWJW ATFt O M PCOOCMO Cf-1

minr*Fiwi[ i: wwni mi
a T n B > O O D P f

ATOCK]MDuOffa iS IAM)mC*Aa0
0 TAKUBA W CTTOCHROtS C O M W K I AND • , ATPMBL 4 TT«4A 0

C D K « C r H L f r o O C W 0 t

KowflBcca
UOLEHA OHACU CHJJUOUMI rwuLcstt*«BFHOBm*T» CABBOXYLAIB

L0fMC4^C^CA0fLA«TnK»CUPftCrr»««AWtt

IIIITTIII nnii iiTntn-Biiwiixiiiiii i mini HIL

UAiaHTOCCOmLAKCrTOCmCertOOBCC

NCUWTCCOO I S U a i I i C i t U W
WJWTOOU KOAABBA WT CYTCO4CWS COCVOAAf tUBUNTT 1 O H fCCOCfl AND FLANKS.

NEUWTlaSt RCAA«BACYr^MUTAmt*TCCWW*ML»«*W»*.BCONB|
QSCWTC O m O T > « H A K 3 n V W

rnrrrmu innw w
PV«EWUtCOM

M tBPEOM^TCCCKnu.CYTOOfOiKCf lDAUBlJSUNn
MWTF1A PJ*JWELUVEC4n4l«TOM0NCMAlPfl0TENPiaENE.0flF«i ANDL
^AMfTFil PJtilMUABPfJCSStUITOCHONDItALPKrriHPiaBBlniBp

m rr I'Trmi^ni nan iirrr mciwoM rnrtfi win ma. I
P U ^ A A T W ^ 0 ^ K » B T P H C r r D P W T O 4

PWTVTCVTT
KATWTCVtM
MTWTCVO* ( J S 0 M J ) 0 W L 0 B « S D n C O » « n t S C q a
CMCTOt ACS (C*tYZA tATWA) UT CYTDCHnOUl CDOOAtf CUBJJfT • (Co* OEM.

tALCPPU BfOWi ALEACPPBi UBM3X PHCHmYllW I M M I W i P*toTa« Q O * .
HtCPfBlA •OLAMJHHMHUMCHOHOWJB'TPBlAOPaFOWllWWPfWtOf »

OXJ BOfDHLM#dUTAia»C|l*TCCKM]n^CYTOCl«KlCCC0UaUCtlJBlM
TCBCKQ N.TABACUI {VAA BW1MT rSLLDW 4) CH-OnOTLAST, C C M J T | aim*
TCBCma TOBACCO HTABACUU)TVVLAKC«l««nANEPflOTBJOB«^a)AK>

A TC*«COf«XK»«YVCHC4«fLABTT>mjm»t««AANEPfWrnHaC

I
VtCMTOO VCAST C» C S M W A t l MTCCXMOf«U. OXDOJt ifTERUTIKMC IVOIOK
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