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1. Introduction

This review will emphasize recent developments in the application of
recombinant DNA technology to problems of the structure, replication,
and transcription of the unusual mitochondrial DNA in the kinetoplastid
protozoa known as kinetoplast DNA. Kinetoplast DNA will be discussed
in terms of its two molecular components, minicircles and makxicircles,
and species-dependent variations will be emphasized.

II. Minicircle DNA: Structure and Complexity

The minicircle component of the kinetoplast DNA is the most unusual
aspect of this mitochondrial genetic system. Circular DNA molecules are
not uncommon in nature nor in other mitochondrial genetic systems, but
nowhere in nature does one find thousands of small circles catenated
together into a single giant network of DNA such as found in the Kineto-
plastid protozoa. The function of minicircle DNA is still a mystery, but
much has been learned recently about the structure and replication of this
DNA in several kinetoplastid species: Trypanosoma brucei, Trypano-
soma equiperdum, Leishmania tarentolae, Crithidia fasciculata, and Cri-
thidia luciliae. In general minicircle DNA from all these species has the
following general characteristics: (1) circles exist catenated with each
other, although there is a small percentage of unattached circles that may
have a functional significance; (2) within any one species the circles are of
fairly uniform size although the size varies from species to species; (3)
there is a species-dependent variable amount of sequence heterogeneity
among the minicircles from any one clonal population; (4) the sequence
heterogeneity is expressed on the level of the individual minicircle as a
variable region and a constant region and sequence changes among the
minicircle population in a kinetoplastid species occur rapidly in nature;
and (5) there is no apparent sequence homology between the minicircles
of a given species and the maxicircle DNA. In addition to these general
common properties of minicircle DNA, there are many differences be-
tween the various kinetoplastid species, and these differences may prove

.




}10M1aU 2y} Ul POJEUIIED SUIRWAL VN 243 JO IS0 (0861 ‘uosdung pue
uosdunig 8/61 I 12 QUiR[IE ‘80861 1P 12 [ounug ‘BIg61 “BOB6I Iv 12
1S10g]) SpUBQ IS[[RWS OU YJim SI[OIIIUIW PIZLIBSUN| YI3US[-}IUN JO ISBA[DL
MO] SPJOIA SOWIAZUS UOIDLISAI ISOW YIm YNQY 129749 "I JO uo1sadiq
‘(¢ "81) s]oF uo sisA[eue SWAZUI UONILISAI AQ OS[R PSIUSPIAD §! sisAjeue
199 £q umoys YN 211w 120n4q [ Jo A119ua0I1919y ouanbas oy [,
“120m4q I Ul $asse[d aduenbas jualagIp oy Jo Aouanbayy ul 20usBI2AID
apim ® s1 a1y} teyy sardwn sa1dod (0S ul uasaxd s1 S[oIINIW pauo[d
2u0 10y} (086] ‘UIA[RD) pue LeniS) Surpuy ay] -azis fenba JO aIv SISSEPD
a1 J1 ssepo aduanbas yoed jo sa1dod g1 moqe Ajdun prom siyy ‘sassepd
25uanbas SONOIUNL JUANMJJIP (0E INOQe 1E 312y} Jey) Fuiunsse ‘diouwl
-1oyung ‘(0861 ‘UIAJPD PUR Hen}S) SIPIdIUIW ()SS puB SIAUIXEW Gp
Ajoreunrxoadde are 21041 TRyl 918[NI[ED ULD SUO ‘SI[Nd[0W Q3-1°[ JO VNI
S[OIDIUTW 9468 PUE SI[NIS[OW qY-7Z JO VN S]24I0IXell 9¢] JO pasodwod
S118U) B (01 X C'b JO SSBW YJIOm)du 120n4q "] & Sufunsse ‘JoAdMOH
(T "314)
jtomiou Jad so1dod (9 JO IOUIAISIXD 2 Sui{{dwt sjel ® 1B painjeual
SO[OIIDIUIU PIUOIIUN PIARI|D [HUDG SBIIRYM “HI0M1IdU 1ad satdod (¢ Jo
a5u2is1xa 9y} Jurkjdunt 211 B 1 painjeual zzedgd Jo aus [IIpUIH dy) ol
PAUOJD PP IND JIIPUIH € 2jdWexd 10 (7861 ‘UIA]PD pue JEMS)
25UBPUNQE JANB[2] UL ISJJIP SISSE[D IDIIDNIW dY) JBY) PamOys pue YN
$9] 100M4q *[ U1 SISSEIO SJUINDIS S0 JUIPIP 00 Aldreuirxoadde
a1 213Y) 1BY] PaULIguod (6/61) Hems§ (1 81) syosul $0713d pue ¢1yd
ay) y1oq ut saouanbas 01 snogojowoy st Wasur j¢13d ay) Jo ouanbos oy
10 9467 A[orewnxordde jey) pamoys ‘POz INd pue ¢1)4d ‘sa[odidiuiWw pauo|d
19410 0M] WOI) YN SS39X3 JO 9oudsald oy} ul ‘| g 4d ‘d[24101UlW pauod
e jJo uoneimeudy ‘saduanbas oannadal Jo 9AnsaFZns el B B painy
-eual YoIgm VNN a4l JO (%851) Juauodiod oUW B SBM 913Y] ‘13AMOH
‘(1 '81g) I9ALIP SSAIXI Y} sem (1< 1id) ajpaoturwt qy-[°1 Pauopd e udym
U1p0y oy sawn) 9j¢ ¥19) Adod I[Fuls B Yum painjeudl YN[ H] uoiym
ul (gL61) v 12 uosjpuo( Jo sisAreue 195 'S oy AQ PaWLIYUOD SeM 220144
[ woll YN Jo Anxdjdwod y3iy 2yl 'paalasqo Sem sulells 12onig
‘[ JUSISJJIP U3m12q UONBZIPLIGAY OU pUB *9[O1I0IuIl Y3 JO JZIS Y} sawi
00¢ JO A1xajdwod £dod S[3uls B yim pateloosseal YN( SYL uonnjoas jo
sway ur Suidueys Afpidel 1soul oY) pue Aneuagoralay souanbas JO SUIII)
u1 xapdwod 1sow Y1 sdeysad sem 12014q "I JO YN 241 183 Pazljeal sem
11 (961) '[P 12 112UIA1S JO SAIPN]S UONBIOOSSEBAL Teondo peniur 3y) woi

120n4q vwosouvdli] 'y

‘UO0IS$200MS Ul $9103ds yoes
w0 S}NSal SSNISIP [[iA | ‘910J3ISYL '90uedYIusIs onauadofAyd aaey 0}

Il SALVTTIDVIS AINOSONVIAYL NI VNG LSV I1dOLANIA



-

‘uorssiwrad yum (6L61) 0
72 uosjpuO(q wolj pajunday ‘(sarenbs pijos) sjuswuadxd UONEINMEUAI 2y} Jo ueds wn Ay}
UIY)m ¢ Hasul YN Y1 JO UOHBINIBUAI 3Y) SALIP JOU S0P dduanbas zzeygd ay], yutod

3w yoeo je pajdwes a1am Wdd J;; 000F INOQY “UONDBAI Y1 JO LIBIS 3Y) 191JE SInoy | [ uaye]

sem jutod dWM [eUY 3Y]1 I1BY] OS UISOYD sem ¢ SJUdWLIAdXa 3yl JO [[e Uf "YN( J9AUPp a3
s1 prwse]d Jueuiquiodal | yd B uaym 2ouanbas YN paesul 9y) A[Uo Jo uoneIUIILOD 3Y]
01 513J31 SY N 12ALP PA[2gEJUN $$29X2 Y3 JO ‘0 ‘Wonenuaduod el sy “(satenbs pros)
VNG zzedgd 1o ‘(sarenbs uado) YNA #071Ad ‘(S31212 pII0s) YNQ €£14d ‘(sa]a115 uado)
VNG Hasul |g14d pajaqel-dz JO uonranyeudl dyl (d) ‘€1°0 = ¥°) 301 v sey aouanboas
VN Adoo-3[3uis © 1Y) PAWNSSE SI 11 uaym uonenbs voneinjeusl plepuels ay) Aq pajersuad
SAIND Japowl ' SI 2UI[ U2Y0Iqg 3Y] ‘(satenbs PIjOS) PSIOILOW 3Q OS[e P{noOd UONBINIBUAL
11 181 0§ Juureays 01 Joud o411a Ul H Ylim pataqe] sem VN JIomlau Y], (S[o113 plos)
VN HOMIBU [R10] JO §S29X2 UR 10 ($2]2J10 Uado) wN (I 15 1.3d Jo $s30x%2 ue jo aduasaid oYy
ul YNQ Hasut [g13d pajaqe]-dz; JO UONRIMEBUIL YL (V) "dee UM 04210 Ui PI]2qe] US3q pey
yotym jgId Jo wasul YNQ@Y 129n4q pwosoundid] 3y} JO SONBULY uonleImBuUdy ‘| ‘DIJ

1°0 60oj
Lo bz e v S,
L Jzo
L v 0
o
2
{90 O
L 480

°0/0

alam oy pue ‘IIPHIH ‘TII2PH ‘1IPdH ‘UISd ‘19029 Se Ydns sawAzus
yim uonsafip Aq pasesal YN S[o1munu yidusi-jiun Jo spurq offuts
Ajuaredde oy, “SO[OIIdMIUI Y] JO SUOIFAI PIAIISUOD Ul DUO URY) 3I0W
1U2saId 248 SOWAZUS 359Y] 10J saus 1ey) JuiAjdun ‘y18u9 nun uey) ssI JO
sjudwely aonpoad pur FI0MISU Y WIOL SIDIIDIHIUL 3Y) JO ISOW SB[
S90p [oqy 10 ‘1MV ‘IDDL Ylim UONSIBIP ‘I9AOMOY] “190h4q "I JO YN(
S[odduIm aY) ur v Jo afeijusarad ysiy ay) 0} pue sasse[d souanbas 3P
-1 AUBW JO 90uasaid 3y) 0] Y1og anp SI SAWAZUS UONILIISAL JsowWl Aq
SA{OITIUIW INI-20UO A[UTBW JO ISBI[2I MO[ STY T, ‘[958 9] 191Ud 10U S0P 1BY)

NOSJWIS A¥dV'] 7zl



~PuRISIapuUn Ino paisisse AQyeals sey y N [OIDIUI Pauod Jo sIsAeuy
'(6L61 ‘uosdwig ‘g6 ‘punjSuy pue
812qI1eYD) YN I[2I10WUIW 2DjOIUD] T UI 1SIX3 01 UMOYS SB ‘Saljrwioue
AWpiqou 128 JO 32udISIXI Y] 10 ANduaforslay |)3ud] Jourw [enuelsqns
' Joyna uikjdun ‘(y '819) (0861 ‘uosdung pue uosdung) sisaroydosyosye
[28 aprwejhioe Aq spueq paoseds £[osopo 01—¢ Jo pasodwod aq 03 umoys

‘uolssiuLrad
GIm (0861) UIA[RD) PUe LIen)g Woyy pajunday 3AInd Juauodwos ajfurs [ednal103y; e 57 syutod
JURWEIS IDIDIXEW PIUO]d 3y YSnoly) 2AImd SYL ‘YN Aq UDALIP (S3]2110 pIOS) Juawgas
SRIRIXBW pauord puk (s9paad usdo) NN ‘(sarenbs uado) appmomunw HIpuIg pauol)
(@) "VNQaY 4q uaaup sasuanbss (soSueln uado) apaupIW THuwivg pue (Satenbs uado)
2IRINW TIIPUIH Pauo]) (D) "YNQA Aq U2ALIP (S3[2110 pjos) juswSely S2a10rXel pauo]d
PUE ($3[0.115 U2ad0) AIIXBI () 'SIAINI Jusuodwos aFurs [BO112103Y) aIe saul ylog *(3jo41o
PUI0S) plepuels YN epqure] 01 paredwos (s3[3115 uado) JaAUp snodojowoy pue yNIY
(v) "12on4q *J Jo sadusnbas YN PIIRISUBRL-¥IU JO $d12UD} UONRIMBUSY 7 ‘DI

T08

109

+ 0v

AIYNLYNIY %

+o¢

T08

+09

rov

G3IYNLVYNIH %

1 0¢

1 34| SALYTIIOVTE AINOSONVJAYL NI YN LSV IdOLANIY



‘uoisstuad yim (861) vosdwig pue uosdung woijy pajuuday
‘sjuawdel) [[120H/JAXP pue [[IPWIH/Y 2Ie $20UdIajal 1YBlam Je[noajow ay], ‘pajediput
2am suoidal (o) 22II2IXEW pUR (dWl) IIIDIUIL Y] “asorede g4g°( Ul sa1phs01d 129n4q |
JO (HL9E pue (J99¢) SUMRNS [RUO[D Om) WoL) YN Jo suonsadip jo uosuedwo)) ‘¢ ‘oig

uw

NOSAWIS AdAV] vl



‘porsstwzad Yim (0g61) uosdwig pue yosdung woij pauday ‘sjuawdel)
MarHAAX? aip $a0UIJR1 WTIAM e[naajow YL ‘goidas Bup{ITIS 950’ B UMM apruie
-jAaom 2501678 [suonIpuo) "1°8 Juaiprid apnuejhion ue ul VNN 12on4g L :;H::Aomd 199¢

wouj pueq aja1otun yiduaj-nun lofew ay1 Jo Anauadoimay Jo uonensuvowdd v e

oL~
11
pol—
8LS—

09—

2.8—
vl —

<«—3104I0INIW

0
w

—b
—i

T100H

TMR0H/3UXP

ctl ALV TIOV 1 AITWOSONVdAYL NI VNA LSV IdOLANTA



-a[ow yloq ul sawrely Suipeal jfe ul ‘Oy ] pue ‘YOI ‘VV1 ‘Suopod uon
-eururial Jo Asuanbaiy ySiy v sem a19y] [¢)d ur aousnbas dg-j| ue sem

. AIoWWAS peAp Jo uoidal A[uo ayJ, ‘wapue) ul sawn ¢ pajeadal sousanb

-3S 9pI102[ONURIAD © pauieluod [0Zd IV %0$ Sululeiuod suoidar uow
-wod J9Y10 7] oSk alam alay] ‘dq gz] Jo A3ojowoy 199pad Ajesu € sem
1adse Sunyugs 1sowr ay T, “(Tw/3 069°1 = 9) VNI 913 Jo A1susp juekionq
Mo[ 3y} woy paadxe se ‘1 %7 Alereunxorddes paureluod sanasjout
ylog "zzeydd Jo s [1s4 2y 0l AJO2.Ip PIresl| pue [1sd Yim UonNsa3Ip
AQ VN Wolj paseajad sem 10zd ‘zzeddd Jo 9IS [154 241 O1ul paLIasul
pue O yum pajrel ‘[my pue ‘[[Pdy ‘[pyH JO IMXIW B yum YNQOY JO
18231p ® wWolj paalap sem [63d (¢ “S1]) 220149 ' [ WOIJ SIIIOTUIW PAUO[D
om] Jo sisAfeur aduanbas ® ur (086]) uospuod pue wdy) Aq paniodas
Sem S1[Nsal UONBZIPLIGAY SY] JO UOISUIIX3 puUR UOHBULYUOD 1D3IIPp Y
(661 “'Jp 12 uospouo( ‘BO/G1 'Jv 12 [oUNIg) POYIdW SIY} WO} uon
-euriojul yonur Sururelqo sapnyoaad sanosjow 3sdY) Jo ZIs J[ews Yy g
‘partodal usaq dARY SH[OIDIUIW 120749 * [ JO SAIPMIS XA|dnpoialay swos
S THwvyg
9[8uls ' ylm sse[d 9duanbas oI SNOFO[OWOYTWIS U0 Uy} dlow
Jo soualsixa oy} SwiAjdun ‘uonezipugAy JWOS pamoys e Ing ‘uonezl
-plIqAY Suoais pamoys SaUOTd ¢Z Y3 Jo Inod "dqoad ' se ‘,q1d ‘euo Juisn
uoneZIpLIGAY AU0[od AQ SAUO[D ¢7 Paisal pur zzedd own (J9gg 120m.4q “f
WOLJ SOOI pasea[al-[Hurg pauold (0861) uosdung pue uosdunig
‘saouanbas uow
-wod SulA[dwI ‘SaUOID {fB YIIm PIAIIsSqO Sem UONRZIPLIGAY SUI0S ‘SaUopd
e dd ay1 Jo aay yum paqold pue SIdiY O1Uu0 panods arom SaUOo[d Y dY}
UayM ‘I19A9MOF] SIS UOTIOLIISAI JO sutdljed JUSISYJIP PaUIBIUOD PIIpMIS
SQUO[d 2y} JO Inoj [[e ‘[Pp IO} SAUS I2IY1 01 OM) pue ‘[[[2PH ‘IPYH
‘Y025 10 sa1Is I[TuIs 21om PuUNOJ $31IS AJUO Y, "SIWAZUS SUTU YIIM UON
-s981p 10] s11asul pauo]d 2yl Paisal pue (gy Yiim 10 ‘Judwely sponorxew
e y)m I943a303) gV/SHMISY Ul SI[OIDIUI [H0I OS[e pue zzeyqd ut
09—LZ¥ 12014q *J WO} SA[OIIIUIW [[IPUIE] Puo[d (q*epge]) v 12 [aunug
"SUOJD JOIIDWIW IO Y3 [[B 01 ApPjedam pue SIA[ISWAY) 01 AjSuosis
pazipuigAy saqoad oy Jeloudd uy 'saqord se sauo[d IpadIuIW 9a1y) Juisn
‘UONBZIPLIAY AUOJ0d AQ PaUIe}Go dIom SINSAT IB[TWIG “SIWAZUD XIS YiIm
uonsagip AQ pasea[al spueq [OADIUIU [[B Ul PIAIISQO Sem UONBZIPLGAY
‘SOUIAZUD [BISADS UM Pa1sadip VN JO UONBZIPLIQAY 10[q WIdYINOG
e ul aqoxd ® se pasn pue oga ur pajpqe| sem ‘¢pyd ‘oI aup
‘zzsagd ur says orelidoidde sy 03Ul SA[OIIDIULL PISBI[AI-[SJ 10 -1[1PUIY
Jo uonedi| a1p £q 10 ‘gzeddd Jo aus 154 Y1 ojul Juiuop pue [my
pue ‘Ipyy ‘[Ipdy JO 2INIXIW B YIM IO ‘JII2PH Yllm uonsasip Aq pases]
-9l sapaaomuI Juipe)-) AQ YR ZHSYI 2UO[D 12014G * [ WOIJ $3[0I0IUI
Pauo[d (6L61) "jv 12 uos[auo(] "Anauaforalay 2ouanbas paalasqo 9y Jo Sul

NOSdWIS AJAV] 971



-0dWod J[IIIIXEW dY) U AJUBDYUSIS JOYIP SUIRIIS OM] 3SAY] “I9AIMOY
"(6100€) DDLV Y1 wolj urens e 10j (0861) 'Jv 12 Yosel Aq pue ymnsup
Inaised 3y} wolj wrp.iadinba "I JO ulens e I0j (6.6]) Slolieg pue nory
AQ umoys 1sIy sem sIy], ~aouanbas sseq ul snosusfowoy aie wnpiadinba
"L WoJy S3pIDIIW YN Y1 ‘$910ads prise[dojaury Iayjo jsous ayiun

wnpiadinba vuiosouvdqiy )

‘winpaadimba * 1 Jo urens aynnsuy Inajsey
3yl WwoJy YN 2RIV YIIM JRYMIWOS PIZIPLIGAY SI[OIIUIW 3Y) 1ey)
punoj osfe Aayy ‘£110u280110Y A0UINbIS FOHOIUIW IAISUIXD P3jedIpUl
SOWAZUD 2353y} Yum surdned oyl ‘[p9x pue ‘[uif ‘Ibvy a1am yidusj
Hun uey; ss9f Jo sjuswgely padnpold pue SI[ADIUIW FIOMIDU 3Y) JO AjLi0f
=BW Y} PIALBI[D 1BY) SOWAZUD AJUO Y], "SIWAZUS UONILISAI Aq 28eAea]d
JO SULIa) Ui 12914q * [ WOJ ISOY) O} IR[HUIS 319M ISua1quns * I Jo sy10miau
VN Sy} Woly s 9y 18yl punoj (861) siolreg pue nory

25u1quip3 vuwosoundii] g

‘%L
Jo anfeaA ® 2488 191818 10 dq (] Jo sardojowoy 10311ad Jy) [fe Jo uoljew
-WIns JUIS ‘UOWWOd Ul sdUaNbas 1oyl Jo 2567 A[drewixoldde pey sassepo
S[2IDIUI JUAISYIP 3Y) JBY) SIsA[eur 19) dY) WOIJ dOUIPIAS 2Y) paully
-u0d A[301u Blep douanbas ay] 'uoifar uowwod dq-gz] 9y passedwosua
sowelj Sulpeas uado Jreuwts asay; ‘A[Sunsaiou] “jgyd ur sproe ounwe j/
pue Jozyd ul spioe ourwe g¢ a1om sauwrelj Suipeal usdo )saguo] oy (sa[nd

) -uorsstwIad yum (0g61) UOS[aUO(] pue usy) woij
pajuLIday "0z VN Ul 35uanbas 5p1jos[onueddp e jo s18adal aay 21es1pur 1y a1y uo sauy
341 3A0Qe smolre wapue) aAy Y[ -apndadAjod € 10j 9p0oo A[fenusjod pinod eyl SYNQY
0Mm1 3y3 ur suordal jsadre] oY) moys JYSII 9Y) 18 J PUR pud 139 343 JB N IIm SMOLIR [RlU0Z
-110Y 3y, "suonisod spl1os[onu edipul siaquinu 9y ], ‘ASojowoy Jo suorar Suipuodsalion
IS[rews 1ayjo Yy d1edlpul s1a139] Jayo Ay -A3ojowoy aped-reau dq-zz Y1 Jo uonisod
1S1Y 9 Yum suidaq yoea Jeyl os paudie sauy om) Aq pajuasaidal are saouanbas YNY
Tenaaid om) 24, dq g1 ueys 1218238 J0 0} [enbs 1B 1Y) | S PUR [07 SYNY 2]21UIW PAUO[D
125144 "] USIMIAQ $IIZO[OWOY 10a)1ad JO SUOIIBOOf dANRIAL Y BUImOYS WeISeIq S 'Ol

IS VNOX

dg  o0L o e 008 [ % 005 00e
i Bd wui a j B d a dbd ia’ w 3 i D
—— U Wil voya j @ p > q o
49 007 00z o' vool 008 ool 4 005
107 YNAX

L2l SHLVTTADVId AINOSONVJAYL NI VNA LSYTdOLANIY



/
e g
- - 4

- - -,
i oIS

—

‘uosstuLiad yim (Z861) °Jp 42 stolreq wol) pajuuday “(sul] paysep)
yoes dq gj Jo syeadar xIs ay) pue ‘(ul| AAem) SIIIDIUIW 130749 "] O sno8ojowoy uoIdal
VNd 21 ‘(€ pue ‘g ‘| s1aquinu paIdIId) SaAUNLAS pRAp 921y} 9Y} JO SUOIIBDIO] Y} Yum

© ‘3podionu ay} Jo uoneluasaidal onrwAYdS (wodog) (YOI ‘Ieq [ednisa pazis-a81e] ‘DY L

‘Jeq [ed1I0A PIZIS-WINIPAW YV ‘Jeq [edIlaa pazis-[fewss) uopod dois ay: uo Surpuadop
‘siSua] JUsIAJIp 9ARY SIeq [BIILDA ‘I aseyd ol pagueyd si !¢ aseyd ‘aus uIH yInony
Su108 910J9I9Y L, "SOPNOS[INU 321y} Jo S|dN[nw € 0} PUCdSILIOD 10U S0P SIDIUIW VNI
ay) Jo WBuaj oYL "LDL £q *¢ pue ‘DLL Aq ¢ LIV 1911 11y s31 Aq pajenut st i¢ ‘7 ureyd
U0 "VOUL 4q f¢ pue DLV Aq % ‘LVV 19]dn 181y S} Aq PAFERIUL S ' “] Ureys uQ "puEns
VNG Yor2 JO Pua ,§ 243 WO pITeniul a1am ¢ pue ‘2¢ ‘I¢ paj[ed sawey Surpeal sa14] ‘YN
SO wnp4adinba *f Jo sawrel] ulpeal XIs Y} Ul SUOPOD (SIIIID PIOS YIMm SIBq PILISA
-u1) UONBNIUI PUB (SIeq [EONIIA) 2SUISUOU JO uonNgIsIp 3y} Juimoys werdeiq "9 'Ol

ok TR

e T A s
£ r—r o T rd—r6 &§
A T s '8

z uteys
£ e ©8
& ——r—— gy —8 %
£ LA £ A T B E

L uley)

PAAIISUOD 9yl 1eY) pare[nodads (Zge1) ‘Jr 12 slolieg pue (0861) UOs[auO(
PUE UAYD) YIOg “9JOIIDIUIN Y} JO 3dUBDYIUSIS [BUOIIOUNJ Y] JO SWLII Ul
SumginuI S1 UOIeAIasuod 2ouanbas renaed $9159ds-$8010 SIY ], *$20UaNbas
120n4q " 9yl ynm ASojowroy juedsyruSis ou peY I[NOIJow wnpiadinba
"L 9y) Jo Jepurewas 9y, "dq g1 4£q [gI)d woy pue dq z1 Aq 10ozIyd
woly pataygip 1 f1oz1Yd pue [GIyd sojoaIuUIW 129m4g "f 0} dduanbos
uouwrwod dq-zz] @Y1 03 snodojowoy A[Suryins sem dq ogJ Jo aousnbas y
"(9 *81]) Sproe ourwe 77 pue 8] a19m sawel) Juipess uado 1s93u0] 9y} ‘uon
-ounj o1uagopoo 91qIssod Jo SULId) Uf “I9)0 Ydoes woly A[jueisipinba pam
-quisip dq [ [—6 JO SQLNAWIWIAS peAD [[RUS 921y} pey pue ‘aouanbas dg-z] e
Jo 1eadal wispue) p[oJ-9 B peY ‘ LV %€/ PIUIBIUOD 9[nodjow 3y ], "(Z861) ‘I
12 slourey Aq pantodal sem 9duanbas apnosjonu 919[dwod ay3 pue (6/61)
SIOLIRg pu® NOTY AQ PIALIIP Sem urels wnptodmmba © [ 1ndlsed 9Y4) woly
a[oIIUIW pauo(dun ay) J0j dew SWAZUS UOIOLISaT JR[NOID anbiun y
*sardads
siy1 Jo surens Suowre wsiydiowoad Jenosjow s|qissod e upedipul ‘sjusu

NOSJWIS A¥¥VT 871



(#3861
“Ip 12 1ZU0d) Saousnbas spIdIIW Wnpsadinba * [ pue 120n4q " [ 4] WOL}
POALIap $9ouUaNbas pIoe oujure 9yl 03 UONR[AI OU MOUS $97UdINbas pioe
OUlUE 9S9Y] pUE ‘SPIDE OUIWIR 97 PUEB /7 I8 SI[IIIDIUIW ISIMI] "] OM) 2Y)
Jo suot8al paarasuod Yy £q papoous 3q pinod jey) sapndadLjod 3s93u0]
9y [, "saouanbas apuduw wapsadinba * [ pue 12on4q - paysnqgnd oy Uy
Juasaid osfe 9q 0] pUNoJ sem UOIFaI PIAIISUOD Y] UIYIM (- VIVVIDLO
-0LLODNOD-,S) 20uanbas Joul-g| V "I[OIDUIW Y} UIYIiM A[{ROLIIOWWAS
Ajorewnxoidde pajusLIo dJe SUOIFAI PAAIISUOD YT, "S[NDS[OW Y] Ul 3IIM])
pareadal s1 Jey} dg ¢6 JO UOISAI PIAIASUOD B moys pue dq g1Q] urejuod
so[nosjowt YL ‘(pgel v 12 1Zuog) paduanbos A(e19/dwod pue 10199
€1 Ul DUO]D 2Jom SWLIO) WESNSPOO[q 1S1M3) * f O} SIOIDIUIW OM ]

151mM3] puwosoundiiy

"$9sse[0 9ouanbas snoFoJowoynuuas JUIALIP (L AlerEW
-1xoadde urejuod Aewl JIOMIaU 2] JBY) PIIR[NIOfed dARY (086]) J2SSY UBA
pur LI2UId}S "SOI}aUD| UONEBIDOSSEII PUE SISATeue SWAZUD UONOLIISAI (loq
£q A112ua801a3ay 25uanbas SAISUIIXS MOYS SI[IOTUI YN vdaw [

piaw vwosoundliy -5

*Anduadorslay asusnb
-3S JAISURIXQ Y} AQ JI9SI 12074q " [ Ul paindsqo ‘s] jey] ‘sawosouredAn
adK) 120m4q " ot} Jo dljsiIlorIeyd 90ou3nbas S[ONDWI OISeq B S1 2I0Y)
18} pai1se3dns pur 6100¢ DLV whnp4adinba [ wWolj 18y} 0] Jejiwls AIaA
21om suren)s 1supaa *J wWoll YNAY Jo sa[yoad uonornsal (338 ssotefe [ogp
ay3 Jeyy pauodad (p861) ‘1P 12 YoSeIg “(8L61 P 12 qQWEHIR]) YN( 9]0
-I10IXEW 39| 0] JTeadde S}I0M]OU Y] ‘UONIPPE U] SSB[O 2ouonbas o[3uis v
JO sa[pIIdIUI YN SUIRIU0D Jey] $a10ads ® Jo sjduwexa Iayjoue SISy |,

1supaa pwosoundiuy (1

(0861 ‘"IP 12 YOSeL]) MO[2q PIsSSNd
-SIp 9Qq [[Im oY) ‘wnpsadinba *J J0 YN J[IIIdIXEW Ul $]03J9p 01 paje|al
aq Arw s} pue ‘wnpsadmbs ' J ul INd20 10U S0P 431909501919y dduUdnb
-9 J[OIDIUTW JBY] ‘ISASMOY “1S3I9UT JBIIT JO S1 1] "PIAIISUOD §1 UOIFal
UOWwWOoD JIDIUIW 12014 “[ SY) Jeyjl Suisudins A[pIus jou s1 3 asuay
pue ‘[(9.61 “Jv 12 ssopiodd() _1] 1804 109sut 9y} ySnoayl uolssnusuer)
[ed11245 0812pun 0} AJ[IGR aU} 150 SBY JeY) 1207144 " [ JO SAIIRALIOP JUIDII B
Apuaredde sy wnpiadinba -1 -uoneds1|dal Jo urduo ayj urejuod Aeul uoIdal

6C1 SHLVTIAOV T QINOSONVJIAYL NI VNG LSV TJOLANTY



L

“1p 12 wasIaAY) 2viony *H woly uoljeredald YNOY paredsuos pajeauue
-J]3s © Jo aimesadwa) Sunaul ul aseaIo9p ) ‘UonIppe U "(q5/61 ‘1siog
pu® uasIo[y) sanIxa|dwod JUAIIPIP Yim sjuduodwod aiouw 10 om} JO
2ou9sa1d 9y} JOj SOUIPIAD OU YIIM ‘(QGL6I 1SI0g pue uasialy qzgel “'1v
12 SI9NBWIR0YH G261 “°]P 12 SINOJ) IZIS S[DIIDIUIUS JUN Y3 SAW) ¢~ JO
vIp1yi4) w0l YN Jomiau Jo A11xardwod oY) 10§ san[ea pap[al4 sey sis
-A[euR OIJoUDY UONBIDOSSRAY "19I1.4q "] Ul PUNOJ TeY] UBYL SSI] SI “I9AdNY
“YNd d[1omuw syl jo An1auagors)ay 2oudnbas ayl, “(pLe1 Jp 12 UOS
-dung ‘761 ‘QWOYUIIS[OA pue Jo8udy) vozojoxd pusejdojaury ayi ut (9
€°7) sopoadIuI YN 18981e] 9y) utejuod ~dds vipiyn4) "[1elap ul paipnis
u3aq sey ypydadoyupdp ) pue ‘apiian] 1) ‘vIpndIIsnf ) Woly VNAY

sa1oads vipiynd) 'H

-uouawouayd syl Jo aouedyIudis [RUOIIOUNY Y] SUILIDIIP
01 pue ‘urajoid punoq 2y} Jo uonisod Y1 ZHEd0| 0] ‘SWIISAS YN
J9Y10 01 sJuipuy 2say] pPuIIX 0] 1$313)Ul 18I JO 3q P[NOYS 1] VN
sppaIdIUIW 03 payurj s1 wajold punoq ayi 18yl A[PYI] ST I ‘YN o101
SI YN 941 JO 956 20UIS "hiis ul ApOQ Plo3[onu YN 3y1 Jo uonez
-1uedi10 2y} ur 1o uonedidal VN Ul paA[oAUl Sem UId)o1d punoq ay3 jey)
pa1sagdns Asyy pue uonesedosd YN 9y Jo uonsagip aseuold Aq pajeu
-IWID sem JYIYs 2y} dduls u1djold punog B 01 JYIys ANsuap siyl panque
A3y ], "19pnoys A1Suap-moj SIyl padde| s[[32 aseyd Areuolrels woly YN
ayL ‘(L 'Si,3) deis uonsaSip o14[02101d € JO ISN INOYIIM PIJR[OSI Sem
VN Y1 Uaym [DS)) Ul Iap[noys AJISusp-mo[ & Sey SuLio} aInynd 12740
-1 aseyd o] woll YN Yromidu 18yl pamodar (1861) v 32 Js1ones
(7861 “'Iv 12 uAmsiaanoy uep) (dwgI W pue gzeygd
JO 1S Y027 Byl Ol pauo[d YN Qi Jo sisAjeue souanbas
10211p AQ paULIJUOd u9aq SEY 2duanbas paarasuod sanmadal Axsyenb
® JO 90udSIXd oYL ‘(LL6] ‘SL6T ‘10K Pue nory g/l ‘e8puonnn pue
nory {0861 v 19 P10 1LL61 1P 12 1NRIN 10861 P 12 U0T) Y13ua] 3]d
-II3MIW JIun 3y3 jo 1a1enb auo Jo sopdipnuw 03 SUTpuodsaL1od SINHIKOW 1|
-TWIS )M SpUeq Jofew oAI3 SOWAZUS UOIDLIISAI [BIASS JRY) 108 oY} Sem
SIY} J0J 30USPIAD [BIIUI oY ], 'UCHELIBA SWIOS YIUM SOWI} inoJ pajeadal si
1By (UOISal PaAlasuo0d) douanbas aAnnadal Temasjoweliur ue Jo Auadoid
anbiun aty) sBY S[OIDIUIW 2742 " J YL, YN S[oI0WIW pdaws " [ 10 139149
* [ JO TeY] UBY) SSI] ING SAISUIXA SI JrY] A119UdF0I9)aY 3ouanbas e s1IqIYX?
puR DIpiy114) PUE 13014 " [ UIIMIDQ 9ZIS Ul 9JBIPIULIdIUL ST VNN 12149
"I JO opaotumu YT, *(£L6] ‘SL6T1 10X PUe NOTY) 12740 " [ UO SIIPN}s UIoyy
swed A119ua50.1919Y 90udnbas S[OIOIUTW YN U0 90UdPIAI 181y YL,

12140 puwiosoundd{iy ‘0

NOSIIWIS A¥YV’] 0¢l



.

.

3[NII[oW Y3 JO 9%466—69) UOIFaL & sem 219Y) ‘uonippe uf *(§ "S1y) sjuowsos
J[OIIdIUILW .INOJ O} PAZI[BIO0] 219M INQ SUONBIO] WOPUEI B JOU J1aMm SIUI
-o8UeBLIEal BYJ "SUOMDJOP pUE ‘SUONIISUL ‘SUOIIBDOISURI} SE JOPUIAAI
9yl pue SUOISIaAUI SE Pa)aidiojul arom SjUSWIZURLIBAI 3SaY] JO AjLIofew
9y ‘SIUSUWIdFURLIEII 90U9NDbIs JO J1SLISIORIRYD $ain3ondls Xajdnpoimay
punoj A3y} Sa[OIISIUIW PA[eIUULI Y} JO %0 A[oreurixoidde uy -uonsagip
IIIPUIH AQ S3IOMIQU JY) WOIJ PIsedal 1M JBY] 2027101 ) JO SIPIID
-lulw pajesute pue painjeusp Jo sisA[eue xajdnpoisjay dsidossolsiw won
-09]9 dAljEWLIOJUT UR JO SINSAT Y3 partodal (qzgel) '1v 12 s1oyew ooy
VN SJI101UIW pruvuiysiay
UM PIAISQO 1S1Y salewour Ajjlqouwr [98 sy3 0) anp jou SI pue feal
St A112u2301239Y Y13ud] SIY} JBYI UMOYS U3q Jou Sey 11 ySnoyife ‘(e9 6]
“Ip 12 UBSIA[Y]) paNodol uddq OS[B SBY SI[OIDIUINL pazLiedul] Yidud)
-Jun Jo A31uagolatay yidus[ Jouiw jusiedde uy (96 *jp 19 UISIARY)
S[23 ul $9[yo1d UOIIDLIISAL JO SISAJRUR WOI) SPBUW Ud2q SBY $asse[d asuanb
-9S JIIIDUIW SNOFO[OWOYIWSS ¢] UBY) SIOW JO JBWINISD 2ANEIRND V¥
"A112ua301919Y 2ouanbas oy ur poajoa
-ur a1om sired aseq ay3 Jo 947 Auo jey Bulfjdun ‘9.1 AJuo sem (B9i6]

‘uorssiuiiad yim (1861) *fv 12 1a1oneg woy) payunday ‘sAep g 10} umolis sswosouedAn
woij pajdenxa adwes pajeanun (D) (DL€ 18 sinoy 7 J0] Jw/Bw ) asrzuoid Yim paleq
-MdUL PUE [)SD) 2A0WI1 01 DS 1surede pazAjelp dldwes awes (g) ‘sAep § 10J UMOIS sawmos
-ouedAn woiy pajdrixa djdwes pajeanun (v) (;wo/3 1€L°1 = ) YN snamy SNI2020101J4
pue 12740 ° [ WOl YN JO sualpeld [Ds) ul uonednjuuad ANsusp wnuqiinbyg AR TR ¢

LELL 6691
S T "\—j\r[\w"""\
o]
6691
T

—

|

8 o8gl
0691 T OLgl
0oL T T

—, /_,\T//,N

o

€1 SALVTTIOV1d AINOSONVAAYL NI VNA 1SV TdOLANIN



‘aurf a[8uis uny ], "(—&) umoys sdnoad ay) ul paYISSe[d 3q PIN0d (%06) SIndIoW auo-A1ydrg
‘sjuawdas xajdnpowoy pue -0131aY jo defloA0 jo siseq Yy uo sdnoid ojul paplalp pue
paoel] 219m (92Z1S JUIIILIP JO sWasul Aq paoe[dal suonajap juaredde yim sanoajow Ajuo)
[11 “ured w1 ‘pue 5q.] SOLI0F21D X3]dNPOIANAY Y] JO SIMIIOW AJAUIN []] PUB sq+] SISSEP
JO S3[N2[oW J[AAIDIUIW PaInjeual aoipon) D 18 Jo sdew xajdnpolatay (v) 8 "0l
yibua| ajnoajow abejuadiad yibua| ajnoajow abeiuadlad

* 001 001 o

+a

4
+

X A + " " +
¥ + ¥ t  —

2 8 v
T . A P (ST, | .
VS *
; =

v:ﬁ'l"':;‘*""r.

q
i

11




e

f" |

Nt Y

¥

“UoIs
-sruirad yum (qegel) 7z 12 stoYewlicoy woly psunday -psziedo] A[enuaisjald are seare
x2ajdnposazay [fews ay; 213ym sas 9313 93 Juasaidar ) pue ‘g ‘y Pajaqe] SmoLe 3y, *a1ay
papnjaut jou 314 Y dnoId Sunmnsuod sI[NodJoW om) Y[, (V) jo sdnoid ay) jo 1Y) qum
spuodsa1102 swexS03sly 3y) Jo uoneudisap sy ] "3ZIS 210w 93e1uasIad SNSIIA SI[MOIjOW
Jo Jaqunp (V) Jo sdnoi8 ay; jo suoidar xspdnpoiday Jo werdoisiy (g) "(Qs L0°0 F wr
¢L°0) uoneredaid peards oy) Uy Juasaid SIeJUI| PUE SI[IIID SS Jo 9ZIS 3FRIIAE BY) UO Paseq sem
1039B] UOIIDALIOD Y} SUOISAI S§ J04 *Burpeads awres sy3 Ul juasaid (QS €070 F W 97°() S3[0
-IIDIUTW SP JEINOIID JO SJUSWIINSLIW IZIS WOLf PIUNULIZIIP Sem Y NISP 0] J0198] UOTII9LI0D
Ayl “(wv 9/°Q) PN Sem S[DUIOMIW 21191 "D © JO 9ZIS Y] SIUSWIINSEIW N[0S 10
"25001 JO SN[EA B 0] (SPURNS JO BOIJRUIQUIOD 1SIU0YS pue 1593u0] 2y A[aAndadsal) a[ndajow
4oe2 Jo spueys 1omo] pue Jaddn oy) jo azis uedw ayy Sunind AqQ YiSus| uLoUN € 0 paz]
~fRULIOU I8 S3[NIJOW [[Y "MO[aq ISI[[eWS Ay} ‘SUIf IsBq Y] SA0QE UMOYS SAem[e SI uordal
xo1dnpo1aldy e jo puens 3s33u0f oY, ‘uU0dar snOZ0I0IAIAY [RUIAUL ‘XOq Yor[q ‘1uswdos
[euturrd) xopdnporaay e jo spuens 9[3uls ‘saur uly) [sfrered ‘uor§a1 x3idnp snofojouwoy

00 ' Yim 2Imeudl pue ‘sisATeue SWAZUI UONOLINSAI Aq ANduddorsjay
90UaNbas JAISUIIXS MOYS “9ZIs Ul dq (/8 INOQR e SI[IIIDIUN IV)OIUIID]
"7 "91Bp 0} payiodal 1sIJ[RWS 9Y) dIv VIUDWIYSIZT SY) Ul SI[OIDIUIW oY ],

2DJOIU24D] DIUDWIYSIZT ]

‘suonenui jurod
Jo uoneMWNdOL AQ URY) IoyIBL SJUSWSSUELIBAI AQ Pasned s1 AJ1ouadolajay
3ouanbas ay) jey} urede Sukjdu ‘snosuafowoy Ajpdie| sie s)saSIp Arew
-ud 9yp ul spueq aYy) JBY) UMOYS SBM 11 POYISW SIY] A ‘oWAZUd pu0das
B YIm Spueq dy10ads Jo uonsagipal AQ pa1so) sem (78| ‘1siog pue s1ayew
-flooH) pipry14)H Ul £119U9801919Y 95UaNDIS S[OIIDIUIW SY] JO AINJRU Y |,
*UONBUIGUIODDS D112UST Ul PIAJOAUI SIIMIITLIS 0) IBJIUIIS DI
yorgm “(j261 ‘eAllS ep pue uosdwig) sa1dads pnsejdolouny [e1aAas woiy
VN 2[odomum jo sydeidordi UOLdd[d Ul PIAIISqO UJ2Q dA®RY SaIn)
-Onns s[dIdIIW 9d4) | JuNp pasny,, UONIPPR U] “(9/6] ‘QWIOYUIIS[OA
pue Suruue) VN yvydaooyiuvop © ) 3uisn Juawuadxa Jiys A1susp e
Aq paureqo Asnoiaaid sem SIy) 10j OUIPIAS SWOS “HIOMIIU Y] UI SI[IIID
-TUTW U99M}2Q UONBUIqUIOIAT IAISUIIX? JO 30UIISIXD ) sarjdunr A3ISIoAIp
SO JO uoneIauUad oy 10] [opowl juswdlueiredl ayJ, Apnis adoos
-OIOTW 01D Y] Ul punoj SIUaW3as paduelieal oY) uey} I9[[BWS 2Iom
sIsA[eue UONRINJEUal JY) UI Pasn sjudswdel] J[OIOMIW JY} JBY) pawns
-SB 2q 1snuI U ‘(B9/6] ‘v 12 USSIATY) VNA PIJesuue-J[as ay} Jo ysjew
-siw Jred 9seq 947 ® AJuo pue YN Pipiyii4) Jo uoneineual a3jdwos
Jo 110da1 sno1aald Yy yum s3nsal 95y} 1R[ALIOD 01 19pIo U] (7861 ‘I1siog
pue sIoyewllooH) , 2ip1yia) ul A119U9301919Y 9ouUanbas JoIdUIW Jy;
JO siseq urew oy} wiioj sjudwadue.liedl [eJuawFas oy1oads, | 18yl papn[ouod
AQy}, "SJOIIUIW 13074 "] Ul PUNOJ SB YOns uoi3al JurISUOD,, 3Y) 0)
puodsailod pinod pur s1uswISURIIRAY OU pamoys Tey) (g "S14 wi dew ay) ul

£el SHLVTTANVIA AINOSONVJAYUL NI VNA LSV IdOLANIN



r_-_..‘___,;. ~ R,

|
jw. A.aﬂ-'

|

‘uorssiwtad yum (0g61) punidug pue Siaqey)d wolj
pajulIday *sjuduodwod JUBIAIP ay) Jo uonisodwos aseq ul suoneLea 3|qissod
103 3pEW 312M SUONDALIOD ON "SIYIUIDIULW JO $ISSBIO JOUIL WOI) Sjuawder) o3
10 sjuswdel] a2 ew JYFram-Ie[no3[OW-MO] 01 134312 puodsaLiod 01 pawnsse
ST pue [98 2y 1noyanoly; peaids sem % JYIOUY “SIONIIXBW WOLY PIALIAP 2q
01 pawnsaid sjuawisesy ySem-Tenosjow-ysy 2213 u PUnoj sem o A1
-Ixo1ddy “(3jdwes [eulBLo 31} JO 946/ INOGE) PaIdA0IRI ANANSROIPES €103
33 WO pajendled alam Jusuodwod Yora ui s38viuasiad ayj ‘pajunos alam
S300|s 2Y) pUB “PadYs pUB SPuUBq SY) 1ED0{ 0 SPIUOIQ WNIPIYIS YlIM paule]s
sem 123 2y, "[o8 aqn) 3soreSe g95p—| € U0 pasatoydonds]d sem VNOI[H¢] j0
18931p [1pdy ® “juduodwos yoea ul YN Jo s5eiuaotad ayy AUIWUIANBP O] »

— — 4 S2OIIIXB

— — b s3I 1310

n»dy 2] L sapoamdmy I1f SB[

NpuIH 91 SI[OIIOIUIW |] SSB)

[1rdy © 0L SO[OIIDIUIW | SSB[)

wawdely yidual sjuswgely VYNQY [7103 1uduodwo))

-1} ureiqo 11vdy Jo a8ejuasiad
0] pasn swAzug djeunxoiddy

2SHYOMIAN YN 1SYTIOLINIY 20J0IUZ4D] ~] 40 SINANOIWO))
147dvVL

PUE SISSE[D JOUTW JO PASISUOD YN Y1 JO %t Sulurewss v "y NJ 243
JO %L pauasaidar pue ‘sisaioydons9fs [o3 asorede Aq | SSRID poziIeaul)
woly pajeredas aq pnod ‘[[pdy AQq pazueaul alom SIOJdIUIW [T SSB[D
PUE 'Y NQ 343 JO %<1 patuasardal pue [[puiy Aq pazireaur] a13m SoJOI1D
“IUIW T s$E[D SY N 8101 943 JO 950/ pajussaidal pue [[pdpy Kq pazireauy
oI9M sapIdIuI T ssef) (I 2]qel) S9sse|d> 3ouanbas Jofew sary) arom
alayy jewy spa3 ssoreSe ur sjuswfeyy P Jo sisAjeur woly papnpd
-U0d (0861) pun[dug pue 31aqieyD ‘(1] pue ¢f "s31q) °[qisia are spueq
Jlofeur ay) nq ‘asorege ur sisazoydonidals 4q PARIdNQO 1soulfe St uIajed
3uipueq ay3 jo A3xa[dwod you ayy g "8I Ul UMOYS SE (/6] ‘uosdung)
sisaroydonos|e (a3 juaipeld aprwejlioe uonnjosar-ydy Aq pazijensia aq
159Q ued av)0jU2.4D1 T WOIY YN (Y 3[24101uIW Jo A)12uag0I13)1ay a5uanbas
SUL "sIsse]d 9douanbas je1dass jo Sumdusnbas pue 3uruop £q ospe pue
(6L61 ‘uosdung :0861 ‘punjduyg pue S1aqirey))) SISAJeur swAzud uodLls
-31 Aq padudpPIAd ST A119uaF01919Y 2ouanbas Je[Nd2jouLIa)u] (BE/ 6] ‘UOS
-dung pue Aajsam) AnausBorelay souanbas Jendajowreliul parjduwr jey)
‘1dAamoy ‘daInd Funppw diseydnnw € 1qyxe PIp sop0aId uad( “(BgL6]
‘uosdunig pue Aajsap) 2dossordiw Uod3523[2 ayy ur uoperedas puens jo
SuoI3al ou paurejuod pue anjeradws) Sunjjew 341 Ul 3SB3ID3P OU PomOYys
sapIIIw usdo pafesuuray (qel6] ‘uosdwig pue Ad1sam) yISuop
S[MIDIUTW 9Y) saWT} OM) PUB U0 UIMIq ANxa[dwiod & 0] Surpuodsarios

NOSdINIS A¥YY] bel



M,x10°

l — Sonicated NW
]~ Closed MON

02—

A

FiG6. 9. Comparison of restriction enzyme-digested minicircles and network (NW) DNA from L. rar
gradient efectrophoresis. (B and C) Closed mon
tion enzymes and electrophoresed on 3.5- 0% acr

lae by acrylamide
eric minicircles IMON) and closed networks were digested with several restric-
mide gradient gels with 3% stacking gels. (A) Mildly sonicated network DNA
and undigesied closed monomeric minicircles were electrophoresed. Several reference DNAs (not shown) were electrophoresed in
cach gel to obtain the molecular-weight scales. Reprinted from Simpson (1979) with permission.
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