
UCRL-16583 

University of California 

Ernest 0. ·Lawrence 
Radiation Laboratory 

CATABOLITE REPRESSION OF j3-GALACTOSIDASE 
SYNTHESIS IN ESCHERlCHIA COLI 

TWO-WEEK LOAN COPY 

This is a Library Circulating Copy 
which may be borrowed for two weeks. 
For. a personal retention copy, call 

Tech. Info. Diuision, Ext. 5545 

Berkeley, California 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



UNIVERSITY OF CALIFORNIA 

Lawrence Radiation Laboratory 
Berkeley, California 

AEC Contract No. W -7405 -eng-48 

CATABOLITE B.EPRESSION OF ~-GALACTOSIDASE 
SYNTHESIS IN ESCHERICHIA COLI 

V. Moses and C. Prevost 

December '1965 

UCRL-16583 



\! 
·~ 

UCRLd6583 

. 
)_o l_~·[:;~;r~:~ssic;n }-)]l (jlllcose of :3~gc~l<.v..--::tc~:;;.i(}~-~se G)llttl\!.::r:~.is 

., .... c ... ::'! 

nuc1c:.:.l::>i6:n). 

s:Ld.c~) 

it :r.c,1if:1T~:::,':) it. 

in all 

in 

4. 

,, 
... .: e coli 

• -1-
1 . C~JlCl 

iro-



..... -.:..-

·. 

I I '-/ 
c:J.l tc:::cr:; of CCJli. fc::. 

ftlll 

G:. l\ 

' 
c:cr.t:~:-~:-(~ S SC·::- :Lt:sc:!_ f. 

r.as 

0\iC:I 

Y;.-J .............. rc.;t'\....., ·0,!"; L !-~ .- ; ... ,, .. ,~ • .. ·.'·,· ~ .... ·==~--··:·· .. -:.· ..... ~:~',_• .. lP ---, ... ..,-_ +· .... ~-~-r~ t~'i .. -~n--... ~ .• ~ i·J,·.~·J .•• -.:..·.··~-·..J-..J,. ~ l..iJ.-.:• \....l :_-'\ .. :. - _ .. _. - ._,__ ._. ,_.. ._ ·-- _,_ ~- .... ---



e'· • 

(toth 

. ..., 
-.j-

C (;t)O-l ( ·+ - .J.. __ , 
l\IZ' .... ~J 

• .L' 

d. Cl<:~rl·:) 



~ . ..:. .. ·. . 

(" • 

( ·+ - +) 1 y z 

revc.rt.1.nts 

(19Gl). 

230 u ( ·- - + :l y z ) 

sr~ccific 

lo-3 r-:), respc-ctJ .. vCJ.y. 

solution (1 r:l'; .; •. u.). 

-~-

(all '-T • 

.• '"' (:.\..) 

1963)., cr 

0. 2 r·::l.) 

0~8 unit of is dcfin0.1 for 

34 

frc;n ~ .. -
Ji •. 3.105 Ly 

_.--: ............. .. 
G.~.l-L.:.A. 



/ ... ,.\ . \ 

\.: 

(c£. Pig. 21) ; at exti!"',<.:~tion 

protein. 

-5-

:us. a .1 ,...,,, 
\..H.~'. 

l.O, 1 ml. of ct1ltut'c cont:.:cincd 225 !J~i· 

, ..... , .• ),..,,~.·7\·' .,,.,re n-l·.·c·1 ·it' ""·r.s=;c' '')t ~c _.., .... &Jrl t:::: ...... ·1-lo--·c='t' .,~~;., ... ,; ...... ..4 JV. <\ v.-..; • uu.J\, {., "' .1 ··~L.4~ ... c. ... c-'-V ....... ...ell ...... ,, '-· .tC C,I~.J.~· u') s.~..vc 

a f.i~al ccr;c.n. 

Frce1:old 1 N. ;J.) • 

, .1 :--. 

acr~cous solution o.:mt.ainin<; L- [ .... ,C) p(:cnylal;:ulinc (0. 25 ~c. i :-qx.-.=ific ....._, 

·\.lc .. /~:role) • 

( ., ... "'"''-1 ~ "~7) ,_'\..Lai(..J...L.lr./ ..L~Jj e 
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Here counted jJ1 a rad~ard 'T'ri-(\rrb :~cintHl<::ttior. Ccur.b:?J:" u.sJ.n~! on 

0cca sicmall~.: r.- [HCI( .. J E·~:::t:-;ionine 1-'...:l~j b:~·~-. U!':,:::._-1. <iS 
..1 

in the ~c.i.ntillati.on o:>untf':r. 

v.:crc 

f.:.-J.G lx:<!n J.nvesti(Ju ted in .. . -~. coli • 

In e.uch ens~:~, ns rcz.:orted by Eo~zi & O.:zd.c {1961) 1 ~!lurose ~-·~s only 

vurial \videly l:x:b .. ;c:;;.'l diffcre:r.t :=;tr~L;s (I-'i•]. 1) 1 th2 diffc-ra;ti:rl ro.tc 

, 



·--·--·---·------------------

-7-

Tbo cz:.r.l:on contfmt of tho r:'C'Jir:;n , .. :-"'s alrost r..oublc3. by the CJGJitia.'1 

sic:Jnifk.:mtly until lcng n.f!::<:.:.r. t;,8 end of tr.e tr;;:nsicnt rq~res~:acr.. 

Fig. 3. 

1'>ilding gluoo&~ to-Jc'chcr with irducc.r ddayv:J. tbc .Jtt..l.in::~er..t of <1 o.:.m:~tGnt 

.. 
•• 40 min;, refore i.nclti02r orily the usual 3 ri'J.n. delay t•;;}B obsc-:nrcd (Fief. 3?.) • 

added to the cells, and tmt it is this rc,.3dju::>tE:ent, rath~r t['.J.n glucDGe 

r:-etu.rolhm rx:·r se, \-th:ich is rc>.SDOnsiblc fm:: tho g_ :::cu.tcst co:-yrc-2 of i.nhibi-
~- . 

t t...- rl'"'~c~c=:';),.,,-c o.r:: nlucoc.-.. '".;.-,~lc .L~C·\Jc-.~ tl'"·Jn l·1·1 l.·t~ ":"~'t·)·"·'~'""r~,..:.~r:-., t·_,...,,,..,_ .. 1.n·,.r,-.. 1rl'tA"'J·.·~ ..... 1 y !~ ~"- '•'·"'~ J. 01 '- .:A··/ .,,,~ .. . •-'A. " •. ,7 '-" ~ -'-" - -• • - • 



!
,..·+r . .. 

.•. 
·.;.. 

, . 
• 

.of the tronsic."1t resronsc iG that C(~lls supplied •,..-ith g1uco::;e ar.d lactos·2 

ro cxplair..c.1 in the follmdng mwmcr.o O:r..y>ctiticn bctv.t:e..'"'. c<:.tai::olitc 

. rer~c~:;gion excrto::l hy gluoose & .... i C-g.:...lactosid<.:.sc in:i\.:.ction ms b:.::cn 

ful ilx1uccr than lactone for tl~ enzy;·:>('::S o£ the lactcse or.0ron; i.e. 

higf:.1:r levels of these CTJ.Z}~";1~s ·aro induc0:l ty cctm.l corcr.ILt...atic.ns of 

l nnv-. " • ,_cto ("'ar"' ...... h & " -·· l"r-1) r''··c""'""' re-'r""~~on t~ ... , .. t::.C,,...a·,.,.,,_ .. .I. \:J ur£1 ..LZ! sc v ........... . t:~~'l<:.x .. , :1;.1 • \.:;J..'-< "''·"><-' .. !;' •• _,~,,...... • j """"" ''-'• ""'"' 

With lP'ffi have suffici0.nt cnzpr£:! to fP...llrLit .iJili!'r.:::diate utilization o£ 

. l~tonc. 'l'hose. \';jJ:}-out J?T(; lT.Ust f.>tart to synthesize enz}~·:;.~ :in the 

nbS<&.co of an available mrl:on ~:;out-c.::. This cc.n onl~' Le done slowly, 
· .. ~' ,• 

ro that the resu;:~.ptivn of grov.Tth on l;;.c:tcsc is 

Effects of qlucose a.."1c1 the cnt.rv 0~ induce~:.- ir.to t}Y" cell. ll. I:OS-

sibl~ t'Xplanation for t.~C: gluoo~c trc~nsiGnt wo-...1<1 rc::d.de in tl'.e r.<\:.ehanisz:1. 

of glucose transr::ort into t-lJn cell. It \o.ro.s ruggcstt--:1 to us by Dr. A. L. 

r:OCh f:;,x::rroaoll co:n'amication} tht.rt glurose ~nd !Pre ::1ight l::c t:nmsrcrted 

into Zlrl.d out of the cell l::rf the same l",i')r:.-sF;cific c:rrd.cr .cystan. l;Cdition 
' 
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{1960) 

gu2 • .no E.>ire. 
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tn::u1 :::d.e:nt. 

(, .. ,. -.- ,.,.:.. ·, •. ·CL!,-.\..81Jl 1 Fos~;.it.t 1958). 

2-L)c~J~~~~J.;"-JJ.tlC()~:;(:: i~' }::n(J.\·111 t.o 1-.{?. Ii},~o~1pfiC;l-ylat.t . .(~i in r.:" cx)2i {c;r::~st~a.rl-:)vicl·:, 
to 

I Q ")) _,b.c. , and/inhibit ('·::'c'·' ·i c'l.- T .~'.'"'J;·.-.',<).1'\ ·~ '·' J <-.. _.,._, --- u. - "· 

fZictO.r 
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lcx:~u;::. 

~':i1Ho it J.s, for tc<:b1ical rc::tson3, 

Il'O.b:" diff ic·d t to obtain r::.cz1t:ter-frce. ld.net.ic cor;Tcs vith i".\ consti .. tutiv<:~ 

fi'\ 

tv.) 

in 

AB 1105-2. 

it;.;elf. 

tTt1tritirJnn.l c1efic~i~\ncis·~ anc~ cc~ti-tl-_-cJli.t-~: j~c:-r::r.~c:£"~s.lc~n ---
(1064} en 

coli and found var.khle effcctG 
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r~_7·.·_.,_ c) f .. · f.''.---1 ~.-· ... ','·'····.~(.\ c, • ..::"'~·-'I',.tl.,v-:: .. -.·'"' .. ·.i •. -."" t._:-:.:. c_·.-_·, l,--,1 {·,·.·• •• '.-,'.· (·:1 ~ flr\ r:.,-.,~~ n·:.:...::~ _,,;r'..: t· -r::-:. 1-rr·t, ( .. 1, ~1 ·1-..,.,,. .. ~/r:r- .. t J,r,.-·}· 1' ,.:..,<:-, -'-'w- - •· ·- ~..: . -·\<A ... ••-J•-'< ':~·•·;;····.·.-<..\".1• •.. ynt.l-o '"''·.-'-"-'·'~' "'"~----~~-----'>• 

of cul 'b.1n~ at 650 t111) 

\·ihe:n 

19·60). st:.u.r-

t '!.-,, . ..,.(."'l.l.: .:"! (lO,'\ .,.1-r'\1t f· ,..../F·,·l ,...,l, +-,·,-r,~) lr ..... -r~ 1' .,..,c+- ,· ~~·~!""\) ·.·._,_.,"•.i~-. 1.-·.·, 1• ... ".--!."".·· /t •. lc-... ·_"',· .. r. ~r_•--'c.',J':Y",._3. _r..;.+· •• ~Lll "·''··•·' •> • ~--' ~..,_, ___ ,_., •.• e '-'- ~'-~ "I·:~-- .. •- ... ·~• __ ._ ... ~ - •::... ... -~ 

) 

"'l~;t· cjr··l '-~~ ........ -...... ·· . 

a}:out 80 rdJh 10 fpr.. :·, ,c;_iF·,I __ i __ )_;;-.• '"~!··'·c.,...;r;-_o···-1--) . . ... ' ~ - ---~'- .... •;:-'•· .. ...., ____ ; .... ' . 

f) 
·'I sc-ci:ion 2) • 

SEctiC>l1 3} • 
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prem::nt \·J!.:.1s still only 135 t.'i.nitr:/nl., ctllturc/cxt:f.nctio:n {Fi9o G _,, 

section 4) • 

(1964) th<:.>..t es~:er1U.EJ . .ir.or:pnic ion der.r:i.vation mav v:-~nh;;nce cn.-l:atolite 

. rcprc:s:::1on. 

':'be 101;-.e:r ro:::t-

linuting pl:osphc.te {Fi:;;. 10). 

v 
during ::;J:m>~-::·1"'-;~t.~ stc:-:r.rc1tion ~,'as crue not to a relativ-:: 1ncn.cz:sc in ~]lucc·~:-e 



\•,es quite d:i.f:f0rcnt (
:C·j ,., 
.<.. ...... • . .-lo 

1 - \ -l; 
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Clllt,.,,~,,,/ 
.. ·V·-·~· 

extinction in the pre~ence of pl--or;p}·l<:ltc, tJ.; 5300 enzyr::-e units/rd. culi.J.l.rc/ 

(r.o '"' ;n~, ) .J i>"··-·J. . ... Li... 

in rate. 
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C ,--:,'·' .~-_,,-.-•. 3 !'"·1 Jj'·,~·"'"'.·:,·_,,_.·· •• ·..l.:-:\~--:-./,__-_~ .;,.~;,...r·:--.<..~·-'•-·,·,·.--·. ~1'" .,_,,_ __ ., ....... .:-..- ,..........~::: 0"·- ........ rs-· """'-~-~-- ...... ,.t·l·...,n -•r~•'1 1.'1 •:...:u':_·----" ~ .':!~·- ~-~--L-_:- ..J..! ~..;,·'~ ~ .1.-! L-!.l:i . .:;~ J_(.tl_,':',:! (_..i·.L ,.Y._yr-.j\.:..:,.;i t:.-.~.)::;..,iJ,._l..) \...J .. _ '-.:~'-'·:~ .l 

.( ii.) 1\x:lc:P inc: o ------------

activity~ 

t.h-3 i.i!tracellulill.· avaihl:ilH:y of ?'[!.?. 

itself 

2 ")10 ,, .. ~;t ... /,-,-1 
. &.. \.,.\,!.!..:., ... 'fi.;,L • (Fig. 11). 
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{1962) 

nutd.c,nt.c.;. 

o:r: 20 rr·J.n. later 14). In ~-l:f"-' .... -4 ,._. 



-17-

l:efore arvJ -· . 
c.tur~r1g tl:c 
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c:cns 

and 13. 
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FIG. loS 

.. 
112 



•·').':1P) r.i· . .f.t.~.< 

sy11thcsis, with relutivd.y rcor rcxxNc:ry, it !31-cu.ld h?: 11\.Jte:.l (T'ic;. 20) 
... 

I 

vc.llue. T(l<: !:"ate~ of ~~-cJal;;.ctO:::.ic1a~::: r;:mt"t:~E:sit~ rc_;c()""e:t .. ec1 t·J it:s ~p:.-ct::tr:::~:;t 

level rrost clo;:d.yo 
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In such cases 

ncn~ tran~d.ent sti:~tul:J.ticn or PlJA synth•:::si:=;. 

\l;-.llic1it.\' <)f ~:)1.llss-l~!.1 .. taJ.in(7 ~~-.i.t!1 [~"'~~]t~;.·.c11. \~ .. ;, a F1C::as:.lr<::~ 'Jf tl·Jf;~ r2.to 
------...~----. ..... -·--~----------~---·--'" ..... _....,... .... ..., __ ... _ .. ,_ ____ _ 

Of Y.:;~!!\. :~vrd.:·h(:?SiE>o -........'---....-...-·----

( lOC:'i) 
-·-'\.J..;.,; 

activity frrK~tic·::::,, 

Yudkin, 1965). 

continued 

mcnt. 

tion rd.ght: l;e rclat;;,d to m1 oltcra.ticn of. t!-::e h!l.:tnce of the use of: 

[3'-']···,-·.c,cil 
.._• t,...li._t,.._o. --- in . 
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( c;'"', .• l "'' j,,.--.1 ) ..J .... jCI .iJ_~. 

[3rJu,-=-c1 ... .. ... •• 1 .J...j. 

•· · r-· ........ · · t o..c ......... ·,-.:.. -i ,_~. J..- r:":J--·1· ''"'·-···-"·~ ,·v · J..~· • t.oy pe li.;CllC DGl9U.T"i'l!C:il S ;_ .L .... :-,..!.Cl ... -. , ... :...,J.· . ..-":'.~1... •. J .. ·-Y ir 

activity of the la.lxcllo.i urac5.1 nt ez2cl·· sLJ .. :Je could ;-..B ca.lculate'J. ~oincr~ 

incorrxoraticmo 

(1 (.\~2) .;..lt.J .•. , 

In. the l<'.:ttc:r th:; 
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(f~or cl-:v-)'r" ..• :... ,.)l ~- \..... 

•-,""'-'L·l'·.>.,.'.·. t',•~ .. -' .. ~:"" . ., (.'_"1.'--Q !""_,+-.·.· ):.--• .-......... "'~--_:,-· •. ''J.·,~t."-.'.· .... 1.' \.: •. ;·.-.=-~·~_-,' .. ). \ ........ - .... , .... , ... ! ..;.'\..l ._...... ........ ,, ..... ;, ·L'_,_,#......._ r"·l·, ... !n ~1 - ><.Y !...l r_. ' .l . ...J...i~ 1 :,_~ _ . .,. • -- - ~ ;,-'•!'i ~ _,;,;_!'J-U'~ '- ').·\.}t,..;.~_i~;. j :._:,:;: .. .).-L ·.;:~ .,f_.., .:.0 

insu.~:2.!:'<.1-f:lo at ·\/e::... .. ~..-. l\J\.f cell CC)l1CCJ1tr~·lt:i.c)r12, 

reacheJ valuec of 0. 27 and ~x_·,n:·. 

111 ..-. . r: 
'I.Jl. 1Jr.:tc5.1 

reflcs::bx1 a real fall in the dif:i:crential rate cf r~.nJ.. syntlx~sis. 

to. 
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Cl-:c:::1ical deD.:~;:).in,:lt:ions ~1.c~:--~~Jns·tr;1tcCi tl12-t t .. :J.r2 tf)-t(1l :rr~J-:~t of t~·!c cc.;llfi ----

Eoth Chrk 

A£ t--:,::1: 2 0 r;: ir:. 

'I'!1r~ rr:::c'OVr.,r:l tit1.~;s f<)r t:J~J~ 
~ 
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repre:,~si)r; of the lactor:o 

(1963) that <• 



ln fact:, h:Jvt2Ver, 

' ... _. 

''1v:11 the 1.:Jttet· is prer;cmc Hi tc.<; lov a <.."()1J:et:ntr.:rtisn to l:e effo:::tivo by 

i·ts-c!..lf. 

Ha.:er (1964) 1 b.~>.s bc~en confirmP>:1 in th~ p:r~:£c:nt .stu3.ics. Partial 

but not vith l<'~ctose. 



... 
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Cbr:s.i:Jc>:r.at.ion of rcnn~r o£ t.he rc:=.ults \·;'(:. have obt;_\in.::x1, pt:rticnlarly 

carJ~)n ~kelcton of glucose or other cxtern~·<l re:pressm::; ag·ent-. 

ti.cm. 

inhibit:i.on b;" dinitropl:er:ol, •·.1bilt:? A'I'P forn:cl at the s-11hstrab:: level, 

In 

r.'.<.:;t?ll:olic inhibition '.-Jith Ul1COUf.'l·::~:n:; l:z;s v<2ry little effect on th-~ [.DOl 

ye:a.st., for instance, tr.e greatest rcc1uctions of rools by dinit:ro;:•b.enol 

uridine-

r:y contrust, the r.--cDl Bizes of suge.r 

Srr.it.h, 19(;0). 

Til t.he lat.tcr 

case tht.; di~.ac·c1-;DJ:i(1~; ~as r~:;Utf)Sf:1 an::1 v.n~3 si1lllvrl~/ r~..x.1uceJ . .:in crnc~11nt 
C) 

195')). th.e 
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skeleton of :.rlucosc !~x:tal::ol:i.sm canrci: explain tl;e relief of cat.:-:J:olite 

Sl.tbst.anc~:; \-;hose corccntration dc~:c:.r£..s f'f:.'Er.dt.iv,!ly on the avail~bilit:y 

of l\.TI)• It could COJI.ce5.voJ::1~· be nrP i"tsdf, or a ccx;;rcu.~'"1C1 of tl:e. 

... 
A r.::£.ch:mic.m for ·its action 

1-

the e.'"lt..>:"y of glucose· or ot.her rapidly 

av::1_ilahi.li ty 'The a.ctulll · concent:rBtion CJf · Nr? Ir:c"ly not in fact 

of r'>easengr:-.r rttiA tran.scd;:t:i.on for a sensitiw.? c<:"l.b.,..;-ory of orx.:rcnB >·thich 

After a c-::rto.in p.:'riod, tt~e c:'tlten:::<l 
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achieved • 

...... 

~:i.lr:-.L~n & C.:llViD, 1955; Lonher:;-L:o1rn, 1%2). 'J.'be:.e transient~:;. cvcntnully 

substar:.ces mi9ht be in\loJ:e:i to Gx:;:-;lo.in the re<."X)Vt.:''-'Y f:rom catatolite 

\<:hich follu.:,;s the ir.trciluction of gluro::-,;e urJ.B:.:>.ly to l.e dire-ctly 

the 'b.o proc~::sces arc of aLc.iut the sane dcrration. 



..... 
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( 

or at least mstaJ:ol.ic<.:.lly clor::cly rcJato:1, Fhile t:l-~2 scn2.it.iv.it:y of the 

illustJ.'ritcc1 in Fie;. 

(cf. Fi;. 25). 'I.' he 
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19)-. 

\ 

Dutr-c:rs- cl<drn -:J) rl<l-,.te i'"":oL;,tcd a rrnxcant of E. cc>li :::t::eci:f ic;;:.lll v rcr:istarrt ------- -
Cloc12 C}:u:r.in<::tion of their 

c.nzy-.:.Jc: 

lact<1ta. 

affc\.-:tk~ th~ fo:rn~_t:Lor. of: gluconic acid: cf:. r~oi.<..':J·terrO.t, 1960) mic;ht 

syntb:,.d.s, and total rq.:!:'c;~sion of tho s~?trtL(>::;es of :rr;:Utnr,.e anJ. I..-·b::ypb'J-
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cha ... ':.ges in t.hr:. r.;1ter-:; o!" ut . .Ui.zati:m o2 cxbsrrwl WJ:r.stw endc~Jenous uracH 

· ef:fECt:· 

excretion of 2n :tn1:..i.bitory foetor :into the mt:.:di.um, or the re~,u.lts of 

the t'"0:::t.1nct.io;> cxccr.,x!cd uLoul:. 0. 5. 

I\s fa.r 

res-tir:'J cells of r. coli that the spec.i.fic rate~; of ur:tnJ::e f.r.aa the 

at .::m extinction c:: 1.0; 
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Tl!qfi, in 2 r;d.n. the cells 

increased in mas~' by 2%. 
.., 

[ .) .; i J 1.;""'•'""., 11 .. ~ ,.,.,.~. -~--

. i ,-,,--v·v~.v-,r,-,•-.->:'1 ~ ~1tQ P'•'J l'· rit'""'i!'.,(.,• ,., 2 Tcli '"' ._.,_ . ..,...'.,;$...l."-·' .w.t_ ........ "- _J...;._ .,,.. •) ......... u...~ ~ u - ......... ~.L• 

BO'f.: of tte m:~1c~n .:inco:q.:::oratc~} in 2 min. ~·.·<::s locate:1 in a ·1e.bih~ form of 

tmstable l gt::")h) 
• "-1 ... .:...::. • 

repressit:le control of regulator <;ynes, l.>.'tUle ton~ st.a.ble ::n~sscn,.:;er ft::.nc-

lntsd in this ~;a.y (!k)2~3 & Calvin, 19(5~:_; \u:ikin, 1%5). A conFequcnce 

increases durinq 



)" 
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phosr·l1ate. 

tb"! nutrient.· In et:ch C"/.C\!O'C T1-J'f; 1r:a.s addo~ to rart of the S~.anple ar,cl the 

s-calactc; s _i.(!2:::c 
S"""J'l~tll~::s.i.s 

(uni Ls/ ex ti!:cU_on) 

14BO 

6500 

2210 

1650 

5300 

2140 

v:rvet t:c. 

O:xy:~;c;I1 ~1r1t~"1 J~~·2 GJ:~c.~·.,..ti-1 

(J.!L/hr ./ (.y,:::nl·J.ticn::/hr.) 
~-:--"!;.t- ..; 1'"<'.._..: .. 3' ··~rl) .__ ........ t...~·- ~--. I,... _ ....... 

167 o.7G 

0.10 

193 0.79 

164 0.97 

99 0.08 

229 
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Table 2. 

directly J.)l:O[:.e:.•rtionC!l to G;.·~tirctbn: 1 r:u. of: cul tU.J-:'2 of e-;,:tinction 

Extinction 

0.046 

0.056 

0.068 

0.091 

0.12(; 

0.165 

0.227 

0.301 

0.409 

0~578 

C.750 

1.028 

fTf}-f.::,tir;t:ir;~r ~!.r}\

tJra.cii (wJ./n:l.} 

0.115 

0.140 

0.170 

0.228 

0.315 

0.413 

0.568 

0.753 

1.023 

1.4tl5 

1. ?J75 

2.570 

0.0119 

0.0193 

0.0167 

0.0153 

0.0172 

o. 0194 

0.0225 

o. 0293 

o. 032~) 

0.0426 

0.0447 

0.0644 

ur,~cil ::in:::or~oro.t:ed 
in 2 I~irt. ns ~~ of 
[-l.·c-E?xistinJ n'-Ji\

lU~<o'.cil 

10.,3 

13 .. 8 

6.7 

5.5 

4.7 

3.9 

3.2 

2.9 

2.5 
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