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A 17.lJ~·JJ-wiitl tJ~'iDl'1l~ U'lAl1Athn1f11fl'l'lJJ < n if A/ pCK 3) ~iJC.J~f17'l 
• 

i 111111 wn11 t 'W~l:iutl1m1 
q 

,~ ;:. 

u1 ~Trnmh-r11t1 

u~1 'lllUJ1j)1'fi1 Senior project (course 272-499) 
• 

»7R1'11 

um1An1t1 2532 

~lvl~~~LTIAiAl4U~11'11fl,'lJJ AB nif A/pCK 3 l~~flLA~v'Ua1tJLi1~ Azoto

bacter Vine 1 and j i .HCC 9046 Ll."Gl~U1JJ1 'l i L ~vmt:l!uH'm·rnvvi'l1-l'a·1rn '1!iun1,ai'111 u-
' S, I 

lvl'J~ L 1La L n!>!l1it~flfl,)~ L 1-~1 l!i!m.J1At111h~ufi:1i'1 ~~1nnu n if A ~ b U ' LJJBTI1fl1'lfli1tl'W'UfiU1JA-
' 

fiL!a~1~f1J nif A/pCK 3 ~1na1'lLAn Nitrosoguanidine l~LilU mutant~~ pCK 3• 

~ ·~l'rnn~.tt~ L fl'lt'll1tJL 'Ufn'lviff q 1 'Ulvl'H 1Ul 'U,J1f111'1l~l 'UMl11t~~ Ammonium acetate 15 

mM Lfc1l)iim111uv1nvi1 q',nmH1711) 1!i!t1~'111l~fl1''Hlv!>l,ia,rn 1fhi 1 u't,i,-~ L uaifn1tnnnv1fi'u 11~1 tJ 
V 

., I 

D'U.lJIUBJJlJJLltJJJ i1iuLDvtllU1JAfiL!t1 Azotobacter vinelandii ATCC 9046 , ''II 
Trans formant ~Jj pCK 3 LLi'lt: pCK 3. 11lAilf1111lL 11~.iih1 t wvi 3 a1n1A'utl ~il ~utfan'Hll 

' ' '' U (,, 'l° V O O O ')" >' >' ')" ')" t, 

1 , 3 uc1t-wunii11 t14!>li:i11u LLi'l1vl!ilmJJm'H ~,'1JLvl1l ivl'llvvflU'll11 i'W!il ~!>lt11!ilm1JJa,n1n 
q 'II 

lA1&t'i 1HJ,J~ tLill)fl17JJa7lJTHll 'Ufll'lfl~-~·t u lfl1 L iti1!ilt11'1 L flu Acetylene reduct 1 on 



UL,Hfl~'1'U Ln;J,i/Liv Azol.obacter vineJandi i ATCC 9046 <WT) ~,,J Transfor

manl. ~D pCK 3 vri11lJf11Ji'U'll11l14vll4'UJ~1TU U~f.Ji-liWl1 Ammonium acetate 1llllvlf1U 
9 • 

ll11TI1G1'U1,Jl1Lv'U11~1ut~,~L'UaLiv1i Transformanl. ~D pCK 3• vri11lJOlJ~'U'li11twv1 
I 

'4Uii~11'U~•3a1111,n~!G1utmL1u11m1m,i"h'iaGn1111'8ll1'11. 35 U11 lUrHl118~D Ammo-
• I 

nium acetate LLrl81l,~ll1ra 1.2 LTI1 lUM111~~1"1i Ammonium acetate LL'G1v111liLffU 

i1 pCK 3• D~11lJa1111~~LAHi1u1un1,~!t1ut~1L1u1u01n1A1•v~1GD1l1ulnln1wa11 
ti 

ilvllV.111J~U'li11lWvli4UJ~111HTI1~UlUM111li~D Ammonium acetate 15 mM 
• • 
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i11 '1,rn L flu14,; L A'Ht':$fl'-nl.J '3 l t1t1tJ1n~U-3~i\ ,rn,Jn 11fa 'li '3ihi1 uv1c11,1'1 an Lnwrl111t1 .. 
1t>i1 ~\Lri1ht L 'Ylrl L nu11,nmnfl1J1tllJ~1"11 '1 'IL,Jff~1n1lih1 l 1iJAiJ ,, L flur.ia'1r.JGlrl1 '3il1j L ffl'f'11~rh 

11a 1m ,fori L mtv11m U.'1ttlflU1lJ1 'l 'ii L flu1v1~~u'l Ufl11t.Ja\ll,J1~11~vl1 LLcltfl11t.Ja,rn u ,,,i11 l 'Wvl 
11 , 

n1tll 'llr1htH rtf1~ht1 < 1 , 2) ~1fl1l"lt lt11iiln11'l H11 l 'W'1~11imh1lJ1'll1 '3iiuri1 l ,rnn11~ '3 L c1~lJ 

fl111l~fl'll11 l 'W~H ~,J L ~lJr.J~r.Ja\ll~iJ 1-i11h1'1,lul?Jtl1flfl11l 'fi L f ,J Azotobacter rlrlfll11H ll~A'H11 
I 11 , 
, J .., J 

l 'WtH ,ha 14llt.J~t,Ja\ll l?Jtl,J1~tlA/l"lJii~'llil-3 L 1v Azotobacter fi~1lJ11tlvl1 '3 l u lm L 1,~1111 
' 

,J1fl1f11t>i1m1~~1tu.a1n 1l~mu UmJmLvlJllJ L UalJ'l ,fori,iui11 L 1iJ'1 ( s, 4 J ,3m1n11F1ff ,, 1'u li!"l , 
L~'ll,'llu'3Lil'llrl1~l'!Llvl"l~L'llr·~'luLiv Azotobacter ~v1!'D1'3~'31l"l~ll1'11 1,050 pgN/ml (5) 

~ -3~1lJ1'rn L ~ll1l1taTifl '1l'W'llt11-.iaur11fi~ simh1~ha L nr1Ur1111 si-w11fl1A1m1lJ L ~iJ L ~lJ1111v1ff ,, , , 
1 uLi11 L ~u 'l ilJ1ni1it{hurn~ L ~lJr.icir.iav1Mi1u ~ -3 L Uitm1ci,1vi'!L11um1'l -ntltl L rlli'l um11l~m·h1 

I , , 11 

1'W~rn'31t>i 

' .. 
clv•3fithiiuU1ti-~1flflT'i\h~'U nif A 'llv'3 Klebs1el la nneumon1ae M5a1 
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'lJ8'3 K1ebsie11a pneumoniae Lvv ~8"11~1n11i10'U nif A 

pneumoniae M5al L'll1~L'llcl~'ll8vLL1JAtiL1tl~~1·~lUlfl''H1'U~'U 'I 
• 

meliloti (6) ua~ Azotobacter (7) 'W1J11l1l1~'U'llvva'U nif A 

1ltl-3 Klebsie1la 

L~'U Rhizobium 

a1"Trnml)vium1 , 
I 

rivil'lil'aiiv v~um1af 1-31-u1vi'l~ L u'11-uv1~1'l~i'in1,viu¥iti 1-u Tm L TU 1« 1flf11'H11fn"i L A~mi . 
~1tl'Wtl11~vl pCX 3 ;,:ilHi'U nif A "111n Klebsiella pneumoniae M5al L'lll~ 

11 

11c1i,w-:i Azotobacter 11tl'WU{~ dl-u N if+ ~•rnamn11m1nP.J.JtJ'lJ,J-3~'U1 u1l,tn nr11 nn 

th 1 "1 Azotobact er L fl,in11f18fl'li11 'Ulfl1~ L 'UG1JJ1niuLiltltll~t1nl'Hl1tPiu11n 11l1~hrnei-:ia,i , .. 
n if A utin11nuiit1-3111)il~nTn4u~1r11mw n1A1'li1i1 L Al inn1vim11I1iiu ,:i 'H1. m. 
•1 O V /, 1 "U O I 1 •1"' 'i' V ' vH 11~ 'Yl'Wtlflf!'U '1l4ffl'U1'WGll'"ll'1 pCK 3 fie) uvfl i~Elfl11ni11tl'W1~'n trans formant 'lJ,H , . 
Azotobacter vinelandii ftl'Wili~~ pCK 3 vl1El111LRI Nitrosoguanidine CNTGJ 

mutant ~'1flf1i1fl'WU411u'Wa1ali,i pCK 3 1tr11ll1"Hl~1'Utn Kanamycin 1vi 1 ug/~,11 • , r .... 
U~1~l~11lJ1ifl~1'Utl1 Kanamycin 10,,1~~11vi nvUL'W11~ promoter 'llvv'Wa1a~il 

.. I I 

pCK 3 1~Lij,J~1'U1t1n1~n1'liu11AnL1t1,i1un1 Kanamycin TIA11llLilJt'U1'3lv1 'Wa1a~,i 
11 

~ v I» a 1 :t .O:a • a voo z:! 
pCK 3 TI'1flf1«1fl'W'U'n~1tl NTG L1tlfl11 pCK 3 mutant fill pCK 3 1~lJA~ilJ1Jvl'WLrl~'t1 

,i , , 

,htifl1·~1u1~·n1u'l-uti1mr11~'luan11t~i'i Ammonium acetate 15 mM (6) ~-3Llvlfl~1.,'J 

11mtj]11~1~rnrh11J~n11nvwnl"-:J:J -:i au 1 u 1 m1 L uaifn,;:tnnnvi~h 11vi1nuuJJ·G1trnll t ll L UmJ 1!11 
11 111 

11m1af1 ,rn~v1r4am-3 LTIAUA'WU'n1rl1fl11ll ~,J pCK 3 Lt~t pCK 3 "I ~tl-ifl11lla1A{ltl 'Uf\11 , 
/ I' --· J 

tl·rn~n~'l i'l u11uL ni.;mm1JJ1.i.inniu1~nm1 L ~ll1htariin1'Wmw11-:i 1 u1m L 1,l'l ,fari Azo-

tobacter vinelandii 1ME~ transformant ~t pGK 3• 1t~1u'li~!11u1v11L1ua1n11 
11 . 

transformant n~ pCK 3 ~1 13 Ln1 {8) 

1,ir11l1ta.aJ,m -~11111itii ~v m11h t.J~v11im~m -:i L nr1ur1-wufl1A1m1ll~ ,rntivi 'l 1-11111 , , 
o ., 1 I> cl _J.t "\" .o! Cl O Cl 

Az otobacter vine 1 and i i LLcl~Ul L ~,J 11AcinmJL l1Glvl'l111 i 14?1 L t4ilvl~'11llli!rl1l1'l L 11ijL '11J , 
lfl'llu -:ili'U'll11 l t4f!LLiltfl11lJ'i'lllJ11fll 'Ufl11vl, -31 utm L 1'U'llu1 Liu Azotobacter vine 1 and i i . 
ft~ pCK 3 LL~t pCK 3• vl1lli1~1J 
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1. ll~v "1~il1'1~1l 

2. "1'1i 

3. ~Glvvlnvliv.,,'llU1vll~~ 
I 

4. 
,. 
m1 \nrntivlnvla,H .. 

5. 
,. 

11'1H '411H iltl -.1 

6. 1nt11-.11lml1 n~ilvvl , 
7. 

.: ,. 
L 'lllli\~1tl1 

., 
8. 

,. 
'Jl1vl L 'W1~ L Gltl ,1 

9. ChlOI'OX 

10. 111 , 
11, ft11 Acetylene 

I 

12. L r11ti.,, L 'llri1 LL1J11m11r1l!vrairn1l 
' , 11 

' 
13. Gas ChPomatog:r'aphy fUi detector' Lt1J1J FID U;J~ Pol'apak N column 

14. ft11 Ethylene ll1~1i1u .. 
15. fh11 Ul'11 L 1U 

16. f\'111.nlvl'H1'11 

17. fl"vlfl1r1 

18. MgS0 4 ,7H 2 0 

19. CaS0 4 

20. K2 HP0 4 

21. KH 2 P0 4 

22. Glucose 

23, Ammonjum acetate 
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24. NaCl 

25, Fe50 4 

26, ~U11U 

28. Mann it.o 1 

29, Bae-Lo-agar 

30. Kanamycin 

31. Tetracycline 

32. ~vu~1u~~v~~n~ 
11 , , !I 

33. fh-n,.nimrn 
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Azotobacter vinelandii ATCC 9046 ~lfi MlRCEN 
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1 • 190 Media <ATCC 1983) 1.l·rnmJ 11vi 1 ti 

K2 HP0 4 1.0 
.. 

Hill 

MgS0 4 ,7H 2 0 0.2 " 

NaCl 0.2 ,, 

FeS0 4 0.005 " 

Soil extract 100 ml 

" I 
0 " 900 " u1m111 

Mannitol 20 
t> 

fl'l'll 

lliu pH 1iLDt 8.7 

ih11l autoclave dluL 1rn 20 
a 

UTYI 

iun,d~~u'3fl1,L~,tlll 190-agar plate iiL~ll Bacto-agar i1'U1i1 15 

fl1ll ~a1~'3i111l autoclave ~~'311niuAutlLTiij petri-dish plate i'3i'311~vra~nt 
' V 

iv•31Um~k,,itLL~'3~1 ,h111B1J~ 37°c t overnight Lamum,n~ plate ~1~iim,11u 
\ ., -

LUBU'llv'3U1J~nL1t1ll1ii 

2, Transformation media <TF medial (Glick u-~~rlOU~ , 1985) LD'Uv1~1,~'li1u 

fl1i!,~1tlll Competent cells 'llv-3 Azotobacter l'U~1,cl~cl1tl 1 am 1.1,~mm?hti 
MgS0 4 ,7H 2 0 1.9718 

t> 

flill 

CaS0 4 0,0136 " 

K2 HP0 4 0,55 .. 
KH 2 P0 4 0.25 " 

Glucose 10.0 " 

AmmoniUlll acetate 1.1 " 

11111 pH ii L Du 7. 1 ,, 
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3. TE buffer (10 mM Tris-HG] , pH 8.0 Ui8 1 mM Na 2 -EDTAJ 
I 

4. 190-agar plate ~I 5,000 ng Tetracycline UIU 50 nf Kanamycin 

5. Burk's medium 1l,~nvli~1n 

Na 2 HP0 4 0. 189 
u 

ml! 

KH 2 P0 4 0.011 " 

MgS0 4 .7H 2 0 0.20 " 

FeS0 4 ,7H 2 0 0.006 " 

Mo0 3 0.0005 " 

CaS0 4 .2H 2 0 a.oz " 

SrCl 2 .6H 2 0 0.01 " 
NaCl 0.01 " 

NaHC0 3 0.05 .. 
Adenine 0.01 " •. I 

ih11l autoclave L ~'.H 1&11 20 l ~JJiI1n~·,,1~lhJ1l!1'11 
C, -a 

Glvl1" 1!11'1 
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,. 

JI 

1. n11L~1B1JL!u Azotobacter vinelandii ATCC 9046 

lyophilized culture 101 Azotobacter 
JI JI 

ri1e1~1uo1111LIE1L~ilLli1 190 media i1u1u 50 ml 

vinelandii ATCC 9046 nn 
'II 

I 

Lt01TI 28°c t overnight 
I I 

LIB 1 loop tu~ overnight culture streak a1uu 190-agar plate nl tetra-

cycline 5t000 ng UiH Kanamycin 50 ng i11u incubate~ 28°c, overnight 
J} ) V I 

L,1u Azotobacter vinelandii ATCC 9046 n1~1uuu 190-agar plate TI~ tetra-

cycline UiH Kanamycin lHnn~~L§unLflU recipient a11fun11n1 Transformation 
I 

tu~ pCK 3 UiH pCK 3• ~o1u 

2, n11 Transformation 

ATCC 9046 

Lil~ Azotobacter vinelandii 
I 

1-H recipient 1uio 1 11u1u 1 colony i.ni-~1-u TF media 10 ml Li!rh 
~ 28°c, 15 i1t1J~ n1n11LU~BUu11111ia~1io11~l~EL'li 1 ml culture ~u 9 ml 

V J J J I' 

TF media L~E1TI 28°c LnUL1i1 5 i11"~ uiu1Jn~1,ri1~au~L1i1 n1n11~1no~wa1a 

~~~ul~an11L~1J pCK 3 1io pCK 31 ~iHi1ElU TE buffer i1u1u 50 pl ~~Lflu 165 

ng tu1Ui11~M a~1u 10 ml 101 culture ui1 incubate 28°c, LflUL1i1 10 
I 'i' :: 0 I G , ' 

i1~1J1 ~1nuuu11J1fiuLnU~Hnou UiHiHi1ERHnuu u 190-media TILURl11iHi1EL1aa 
-V f j,I JI I 

'11J1Ln~mmo1,n,LlrhHiuv11BU,1J1ill 100 pl/plate incubate n 28°c 1~UilEf111 40 

i1l1J1 TI1 replica plate L~ul1 colony ~~1UE1 tetracycline U~t Kanamycin 

~1ni1u~w1 L f\11 co 1 any· \1'1 i L flua1E-wui~o 1 u , 
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:; ,_. t ~ I.' 1 TI'3 3 ~ltli4'Ufi Av i4Uflfi111ru 1 <SJ) , 14'mfo111L11 3 <S3) ua~ 14utli111i4,11n111 <SS) 
, ' ' , , , 

ii111\,1 fl umiv'3U ~,,11'~vilirnM'v'3 Lfl'UL1a1 48 i11JJ'3 Ltlu1ft~iuni1 ~1niuu1 
, 'II 

ii-un~1v1t11l1~JJ1nL 4 a ill 1 JJ ,,t llLL ~1 uc111G1~a1n~ ,,~i.l 111\t 
' 

n,i1niu1fLii.l LflunillA1UAll (A) 
~ , ,. 

'll,Llv Azotobacter vinelandii ATCC 9046 (WT) 

A,Liu Azotobacter vinelandii ATCC 9046 ~1~fu pCK 3 (TF3) 

'3,Liv Azotobacter vinelandii ATCC 9046 ~1~fu pCK 3• (TF3•) 

lt>1f.l~~11·i'1~i'11tll 'U'lli.l 'll , A itrl~ ·3 J.im1JJ~'U'Jlu '3rl1'Hrna1t1'l na L Atl'3fl'U rrhnu 0, 1 ~1n 
' J,I I W 1,1 I ~ t 1,1 

iimhli11mi1+Ju ,Ji 'Ur1°')1c"l~a1trn'3 4 'll1!'11 ll L i41ti.lan, 'U~cl,JwH lill~ L ~ti '3n:.i,ilna'U 1 f dfo lv!tl 
II 

imh tr i P 1 i cate l11d'u u.iifil14'11Jii11 l141'1LL~Glt~'Ui ~vl~1ll1Plfl11 L ~1q\Li11Jlfl'llihili'U'll11 , , 
llil'111fi~1'U 1,mii '3tlv'1~1rlbm Uu cm. uufinuam1Tivlclv '3fl1f.l'Ma'3 L 1Gl1 5 111 

,. 
5. n11llanrl1t1LlvaGuu,ui111i4v1 

II 
'1 J J I .II II 

1!1 L lvf'h~tlfH 1111 colony L ~t11JJ11hmrl1t11 'Uv1~1"H ~tl'3 L l,H 1Hn 190 media 
11 

·t~J1ni1 20 if,llhi LL~1~·3UL1lFlL~#J111nu 1 ml Lnh'l~wc"lvfilrJvl·atM'll'Ulflt~'li~-h1rl1m1ht 

n~1.~nt11JJJ1ni1 z 1,, \,it1rl1n111l L llvi 'l iil Gmrn~ L 1m11n'llv -3/iu ~1,3,.i1~1 i1i1·Hrnwnn 
' 

~1!Ji.Jvl11~1'U 1 m 1 /~il.Jl'I U~1i.lfil~flfi1!TI 1~1 iJ1n11ri1t1 L Ylv1n1~ L ~,J L ~,tlll1wl Acety 1 ene , , 
ti ' " ' ., • 

reduction activity r11'1-rn&1uwlfl1Ul-l.i.Jwl1tl1111 L ~tl-3'll11 llil~fl1~~1ml1n~1'-g L i1v L 14,Jl 1;l U 
' , I-' V II V 

rn1 L ll~nm ntUfl'!Jfl1jTI~cw ,,fiih ivllu#JMh ti ~ -3-Uimcwvi L ,nt L in-3Dm1 L ~JJ~11a~a1n,1-3u~.J 
u 
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fl. 
~ ' )f 

,ho~u1fL1v 1 ml L 1lun~lJA11JfllJ 
' ' " 

'll• L ',J Azotobacter vinelandii ATCC 9046 (WT) i1'U1U 1 ml .. I 

fl. L',J Azotobacter vinelandii ATCC 9046 fi1vif1J 
" ml ~1'U1U 

" I 

-3, LttJ Azotobacter vinelandii ATCC 9046 n1vif1J 
" 1 ml 11U1'U 

6. fl1'l1vl Acety 1 ene reduction 'lltl ,rnauvl L W1t L i1th1'U11114vl 

~~111n~LlJ~v1i111wv1L~u1~'lu~avv11w1~1ia1LfluL1a1 5 

pCK 3 ( TF3) 

pCK 3• (TF3•) 

... " 1uu,n 

n1\'1,Jufl11fl'IHWvlvi1ta~llav1t11~1u1u 10 ml ua1a,1n1'Jl Acetylene Glvl1lu:rm~ 10 ml/ 

~iv,J i-3i111~u~~n~ 28°c LflUL1a1 3 1U Ua1PlvlTI1'lln1tlLU~avvlvi1BLill~Pltl1'llU1vl 1 
\ 11 11 

ml L~v11la,1'luLA~,]'3 Gas Chromatography fl~ FID LflU Detector, column LUU 

L11J1J Porapak N l UL 1Gl1'Yl1fl1j~vJ01'lH ~v1 LA'l1~iti~J'.ivmrn~'ll,H co 1 umn 90 ° C ' In-
' 11 

jector port 110°c ua~ Detector 150°c i,1a'liiifm1n1111rn'llu1fi1'1l N , H LLGl~ 
2 2 

v1n1rH~U 30 , 40 LLGlt 300 ml/min mll~1~l1l 'Yl1fl11'avlfi1'Jl Ethylene Lfl'Ull1fli~1'!& .. 
'l um,r11,ncu~1 pmo 1 e 'llv ,in1'll Ethy 1 ene A1U~l 1lfl1Jfl1j~,1fh1~1nW~,J,1 L w1~ L ia,,<ff 11-

11 

'f 14,1 
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1 • ,, ., ' fllj L ~"Hfll~HalmfUfl Azotobact.er vinelandi i 1JU Tetracycline LL;ll) , 
Kanamycin 190-agar plate 

Azotobacter vinelandii ATCC 9046 Wild type (WT) 

' " 
fi1.ii~;J~;Jtl1 tetracycllne LLrl~ Kanamycin 1~nflfiflL~tlfllJ1lii'lum, Transformation 

I 

pCK 3 LL":lti pCK 3. 1v1 L ~u TF 3 LL':l~ TF 3 11 ~13Jrl1~1J r.Jtlfl1,l1vl-«tl1Jfl1j L 11'l!i!B ,, WT ' 
I 

TF 3 Uit TF 3• 1JU 190-agar plate Url~l90-agar plate M~ tetracycline (Tel 

5,000 ng UG!t Kanamycin (Km) 50 ng 

190-Agar plate 190-agar plate+5,000 ng Tc+50 ng Km 

' ,, 
11fTI 1 LLMl11111L1i'Uilvs!L~B 3 'lit£~ ~B WT , TF 3 L~tl~ TF 3 11 1111 190-agar plate 
'I 

LL~t 190-a gar p 1 ate+Tc+Km 
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I l )I I 

LLi~Hm lll~ ~ liilm u~U'lltl ~~11-ii111 v1~rillfin'l u, rlil~H tnt! L ~a ~ri1li,ji',t 'l u·rnm~ 
11 11 ' 

" 0 I U.tl1U1ll111rl1 

WT TF 3 TF 3• 

S 1 5.80 4.42 3.90 2.70 

A t::,, 

ss 4.60 5.80 7.50 6. 15 

53 3.55 4. 10 8.46 9,62 

" 
1JJ1n~1~ A ~1~Gl9o1~1~11uu.~n~1Gn1Gafll , 
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I I .. 
~~"1mfi11n~~Li1LA'v~ Gas Chromatography iTU1'1 o. 5 m 1 iiv~f ,1 

I 

(pmole/mll ~lfl slope 1v1 standard curve 1v~n71 Ethylene nnA1i~1nu 840 
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4-00 

350 

""" 300 
0 
C 
0 slope= 32.5 
""' X 250 '-' 

~ 
r4 
A. 

200 

Ii, 
0 i50 
< (,;l - J 

~ 100 

50 D 

0 2 4- 6 8 

RTHYLR:lfB (pmofa x1000) 

Ft..hy1ene 

-jf,-



I SI I 

~i'W1~L~tl~Tin1Ujj1tJi~~jjl1t~1~ ~ 
' 

I I 

,aj111tn1 ii ~1~1~011 Ethylene 1m1~uin (pmole/0,5 ml) 

WT 130 

'll11l'4'1+WT 184 

TF 3 131 

111l'4.i+TF 3 152 

TF 3• 135 

'll11i'Wfi1+TF 3• 
.. 

263 

,, I 
0 ., 

228 ,nmrn 
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I 

am10111110~ Burk (BJ 1a~a~1ij7111 TF flDiuorii1n 
V I , 'I 

.. I 

iI1n~1 + -ii1111~v1 

B <WT) + 'U11l'Wvl 

B ( 3 ) + 'll11 l 'Wvl 

B (3.) + 'Ul1litlvl 

TF (WT)+ 'U11lWvl 

TF ( 3) + 'U11 l14vl 

TF (3.) + 'U11lWvl 

-18-

216 

246 

282 

658? 

215 

281 

359 



I 

ijTf1 -lll 5 LLM1 ·31l1ll1tlfh"ll Ethy 1 ene 1,m L «~fl~1t1·1t1~1n'1uih1 li.1'1'4Ui§l11'1 ( s s) 
' I 

-~1i11111ij1 Burk (Bl lliB1~1~1111 TF HEiu~ri,,u 
"ll I , ll 

Ml11t~'li ' U1ll1~fl1"ll Ethylene 1"m «an ( pmo 1 e / 0. 5 m 1 ) 

., I 

~ " ih11"'" 507 ,nmm + 

TF (WT} 1,913 

TF <WT} + -n111i.1" 308 

TF ( 3) 293 

TF ( 3) + i11ti.1" 335 

TF (3.) 148 

TF (3.) + ih1tw" 11,603 

B (WT) + 'Il1'lli4" 1, 115? 

B < 3) + ih1iu,1 3,602? 

B < s •) + i11iti1fl 4,372? 

-19-



" Ll8 Azotobacter vinelandii ATCC 9046 1,ifun11 Transform 
I 

pCK 3 Ucl:5 pCK 3 • lvltlv1Atlfl11~vH ~,JfliJ'U 190-agar p 1 ate tUi Tetracyc 1 i ne 

5,000 ng LLfl~ Kanamyc in 50 ng L nmh Trans formant ~1,i ~,J TF 3 LUH~ TF 3 • 

-~ •f'l 1/" I O O '," )I V '," :; I.> ,; 0 V j U t )I 

l u 'Ji i 'Ufl11''li1 tln1'H 11''1! L vliJ I vl'Jl,J .:Jfl'U'll11 I i4vl'Yl ·3 3 rlltl'W'Ufl r),J 'W1hr'1n,ra l , 'W'Ufl'lll 1 , , . . 
l'Wv11-111u uc115 "Wula11·w.1 3 ,rn11 pCK 3 tLci~ pCK 3 • 'l u TF 3 LLat TF 3• l!u 1~1ir.ia •• 
!i1t1m'l t 11ni t ~iJ lil'llv \Jvl'U'll11 \ 'Wvl'WiLl~n·m 1 LL~llr.rn~1t1 L ~l!m, L 11q L ~iJLP1'llvviuii11 i 'Wvl •• 
uuff1-111'U LtGl~'Wu4-an,ru 3 1 i L ~lJ,j'U11fl~'U'll11 i 'Wflff)iJr\l!~ii WT 1hrnfi m1,hr.i~vinra~ 

1 • • 1 II 

rnr1ur1"Wufl1r11m·n.1 I-iv pCK 3 u,w pCK a• a1m1'n111l!11hn1 inl'H 11qi L ~iJlfl'll,Hi11 • 
i~vli4'U41-111u uatiuia111m 3 1,il!1niu111iv1t1n'Utl'U11flfl11TI1 Acetylene reduction • • • 
rho1u11 'l itJaal!'Wllilvttlil,-31l1l'lltll.rnrl11l!'1-3 ivita u~tl uat Acety 1 ene reduction acti -

II 11 

v ity 'llv \)'ll11 'l'Wvl'Wlt4~11u~ii TF 3 • 'l i~1r1 ,1~av1'l 11n1,il1m,nmHHff 1iniv1 'HHa ,13,111.iurl • • • 
ii11 t 1r1v1"W"U4a1nra 3 ~ii TF 3 • a1ui11 ti4v1tlutI:11nru 1 1Yuti v 1~TI1111u ,lfwhr.J~,u'i'ru~ . . , . 
rn,;iur1uiifl1mnnl! ~v pCK 3 • 'l ,,folhm, L ~lJm, L 11'11 L fiiJLvl'll,M4iuii11 'f t<1v111 v~f!ti 1~ • 
~ vU L l411lf'llB1J"cll'l11lJ'~ -3 lvltl L "in'l ir.icl~·tiiall'W'Uiivittm-3fliJ'll,Jll'il'IJv \J Acety 1 ene reduc-

• 11 11 

tion activity 
I) I 

clvlil-3 iL~mti'llti-3 pCK 3 tl1r.Jclivvlr!c1B-3f1Uif1LL~A11ll'1·Jlvlmu~m1,au Acetylene re-
11 

ducti on act j vity 11·tiinr111.ir~llt4'Ui1m1m .:J~;Jfllj' !, 11qt'llih1'll11 l'Wvl'WU'iian101 1 uril \, ', 

avi·HJ11-11"i~ltl-u1111 Transformation pCK 3 LUH~ pCK 3 1 Li1aLiv Azo-
'11 11 

tobacter vinelandii ATCC 9046 nvri 2 nR"i ~,J i~1,J1M11 TF LL~U iflitl1M11'll8'3 
11 9 11 II 

Burk 11flr.Jil1l71'Ylvl·~v•r)vl Acetylene reductiOTJ activity LiL4i'U'll11l'Wvl'W'U'ii"11'l1'1! 3 , , 
uri~'-4ui~,1~~r1G1nnm iv~ 1, 'in ,,h-~vi"iv1i.n,~11nu 141111 iF11,n,n1 TF L Uuav11u11-111~ii 

s , V II ll 

,J1!,.iJil Ammonium vMhTili!.1111 Transformation 'll•.M'W·G11il!Pll'll1"1L'l!i~LLllfll1L~tl 11.ihi,~;J 
, 'I! ~ • 

-20-



1~1f~uf111wM UiH~111m111n~1 Acetylene reductlon activlty 1u1i~1~a~ni1 
11 

a~1B1111'llBO Burk ~1~~BUlJi Ammonium i~1ij1111J1iijo1f~aaB~Af80~Ui1UUAfll~E~ 
, \ 11 U 

D pGK 3• 1t9A11l!a1lJ11n1un11~,01ut~1L1uL~ijLtl~uuLflutluue1l1LIEll1~"1nni1uu~ 
q 

' .. 
~L!E~! pCK 3 UiHUlJAML,EiOL~lJ (WTl \ll11Jj1iu i~191111'lliJO Burk 1iA1 Ace-

11 

tylene reduction acUvity ~~rl11lJLUt.!·HlJUl1Ul.v!GltA1·Nv"1flff)1lUMl'rn1111 TF 
11 11 .. 

U,Jff;J1n1lt~cl'JJ;J-:J Ammonium acetate 15 mM ,,rnmiJ111j TF ;jfrn'Il1u1fn11A1\,h.tm 
' 

L1U'll,JO Azotobacter vine]andil ATCC 9046 ~I pCK 31 UitiJdi11nu,ui11tw~~ui 
fl q 

111u1u1f~1uln§n1wao~a,1 j1u Azotobacter vinelandii ATCC 9046 ~E pCK 3 
u ' 

UfltiJd'i1llnulilui11 li4,1141.1i111m1cit'4uia11·n11 3 f ua'hJ1uilni r11W'lliJ om,v1, o 1 utw; L '.rn·t~ 
11 q q ' .. .. 

Uutlf117l10l 'l!'~\ll'l°iJ717j'll,H Burk UGIHGl\fl'HJ1111 TF Utlffnnll Ammonium acetate 15 
9 V 

mM 'luamiJ1111 TF ih.1&1n,1~1m11ii101u'lJeo1m,11~1utm~Lua'lJtJOL'1v~1i pCK 3 uau1ieJ 
V 

WT 1h1n~'li L iu'l uliu'ii11t w,114u{111,a Yhi!u 

-21-



1. ci'n1ti'fri1J1mLc1~LLu1rn·n~~-u1i11'tv1A n 32/33-36/37 1 A ri r1m t n ·r1 ii rn 1 -u 1 a 1J 1 mL 11 H 
• 

~Ul 1-23 

2, i~ifl11LflH'A1'llv1~1HLnA1TIE ! 30/31 
6 

LflHf.11 fl1HTI111LflHwl1Uitllfl1m 

3, Rubenchick, L.J,(1963) Azotobacter and its use in Agriculture. 

Oldbourne Press , London. 

4, Blinkov, G.N.(1957) The Effect of Azotobacter on Higher Plants. 

Author's Summary of Thesis, Moskva, 

244 ~,i1 

6, Sundareson, V. , et.al,(1983) Klebsiella pneumoniae nif A Product 

Activates the Rhizobium meliloti Nit:rogenase Promoter. Nature 301 , 

728 

7. Kennedy, C, and Robson, R.L. (1983) Activation of nif Gene Ex

pression in Azotobacter by the nif A Gene Product of Klebsi

e11a pTieumoniae • Nature 301 , 626-628 
;J ._, ~ V .c, ,! 

8, ~~11A1iil SJA.JA'Hcl'flml <2523) fl11~111.ll1U'A'Ufl'llv·l Azotobader spp . 
• 

c, ·1 1 ~ n .o t '-' .fn _ n / v .n c, ~ u 
1 L i!i'i lJtlllf1Amt 1'!'1!11 umm~alllw!i lJJ&'J'l!l 1'tltl 7rl 1 i1f.11.?.l'l-n llill'nf,J Jllrl1~ 7 ll1 L ~HI 

~ ' 
r.. t.. ,1 Cs V V imn~u 11!1~ ~mm11-n1'rlrn-fiE 98 mn 

1 

ihtm 
iJP.i'nwl 



KI:: 1TI!l'lfi1,iil1 fflH5iii•t ,1 L ~~ 

!ulR"I~ffl'"i "1171J~lJi.J'Utl ~~illliU,fLn~u~-wutt~~1f1'1':flJ < ·nit' A/pCK 3 ) 
'I 

·------- ... -.. ,ifiJ~~i1•1;·L-;~~,it1'llih111'Jj),;t'U4hm. 
'I 

luU§mi1,lJL~-':i" .an-1, 111r1~1"1111 ~ iJv,a~'ltrrm 
, 'I 

i1t)·NY1 fIBu!jmn 111 LW.i .affl"i CJ~,. 'lltn ~hf -a,t11~ .. 



tb'lkJT\J '1 OJ 1flJ \ 1tni WI '1 Dll 

~,nuu1~~~.:in~,1~11iL"I1L~ui1n11~1LUulA1.:in11€ ~~JE8~fuwinn1'1 

i1 L viii L ~u~it~1'UL uiuri'Unuu f8'31/fan~1nn11117~ll1~A113,11~i .:i~3J~'Ull1LL~u}l~ 
., 

,Ie) GlJ'M~,1~H ~fl~U ., 
fll'r'U1~af.J~~'.31nLrl~UA1Jf1.m9iGa1"I'W'U.itfl1"Ill (recombinant DNA Technology) ... 

~G~duuuui1~uGfl1"I1Jj~En~wln,~1fLfi~uat1'U, ll1ri1aluuLf1~ (Azotobacter 
'I 11 

vinelandi i) L~BLVl~~lJL1lmnl.1t1Afl'lfllUj,,~u1'1.! ('J,nJ1~0\l fl1"I'tl1 tranformation> 

~,n~~mn .:i,hn1-wL~rH~Y111:H,mGllW~1 lll L ~ff~ L '11 L~C,J'U,n~nrnrn1'~ .:i~u ~i'U L 11-u. 
'I! 'I 

L ~8~fl"d''1WJ1J.1~iH~u.if u~~nTj L A~miih,iu GA11111~1ni-1ln 
11 

n11"~1 L ~,h¼n1 ,-11~ ~ tin~~1 m.n~'nnT'i\b in,~ ( W~'l!vimm1'Hll L \1:ur1'U.i -u.u·u1~n1llf'l~'"in11v G 
'ti 'I 11 

1A1''3fl1"r 4 °"~fl) 

. J l' J t.l 
• xq a~ ,,.c- 41!,>,Jl ~~ 

fl1.J.W~:3nJ '1J 1Ht:lnr:rl l4J;lfi1 !. Y:U ifl1• -'DJJ __ rn•oJinlH £l:13iil4 

'WfllU1 ~~n1-rA°61~1uiiui?hm nfl~A\J-fm,ii GlJWih lll L ~n~~ L 5u nJ :1 ~ U ., .. 
I I 

ligate nif ~ ~m~ri~1a }&cZ sene L~Oi1~11H~~~1~Ln~UAn1G~a 
~ , 

,11111t11 (clear zone on x-gal a.gar plate) 1r.o"'v1t11ml1itl w:i ld type fi'tli , 
LL~fl.,,~JJ'Ufin11fimn"l-ndht recipien+., co;l line UiWtJ1~91'IT~~tl1J t.ranformation 

eff' i C 1 ency L ~t)'Wfll~1f11'5'Afl 111u1b~nlb~ 



.,. 

n1-f A (Ow··/\11!;lit!l;19113,Huchanan.Wnlla~d,un,c-:?t,. al;1980) 

'-J~ 'l-.r'l 11,~u~ih'l-l'U1~ L flui'i·m'i~'111nT'Hlv1t1';ii~11u .:iuuLA'i ,:ia1'·1 -:i 1 'ILL.J'l~ Lu~ ... 

~1f1fl1~N'i1 '1 pCK 3 ~ ~ H Il'Uu'U'WUi1 pCK 1 ~n n if' A ~1fl ... . 
---1::1 Ctr!irr-11-1 a p1Tl"Tummr,·arr 'Pit !:i . ;'i 1-- u~~ LYl~v'U L ih J\ znt,ol1acter-·v;ncfla1-id·; T' . 

1?ithm1·rn~n~riTwn1'iti·1n1v'll 9. 1 ~ 10"' 

1 '!l.t~1"i L ~u 1~ 'l-uMnw~~u'llll~LL,1lll UL Urrn '11i -:i lS mM 
't .. ... 

c.i~·.,n 11~h1.:i·111'l 11v. v .:i ,Jfi-if~nTi-W'!l.'u ~r, ·rn'i";ilJfl'UJ 1~n7'l'U1'tlu .:i - ... 

'i il ,a_.n ~t1r;,~ ·1"i t 1 'W L 'i·1 ~ l1-..:nrir1,l ~n{-\~ ii ·1 ,h U·lll 1-uu~~nr11A·1 ~fl1 ~'11-rn ~-n"l"oi .. 
J..nn 1mn~11 'Wld ·1 ~·111TrnLi·1t11 uuth.·-J·1111 t) L llv"hl-UffnJi--lJJ n-1·n~1'·1 '11 u1~,'i~ Lu~ 

't 

L ih Azut.obact,t!T' vi 1w 1 a11d -i i \. ~v~11'·1 ,J~")U'WU'Jf11),jLlflO,l{i'U ( cieN?pr·essed --------- ... ,. 

mut. a11t.) 1~CJ'1~1 L f~ tS ,J~111"i'itnn ll«~u1~~1'.i'J'•rnv\l~llTW~'ltl~Utl 'U.rl~ '1 L Iha ~u 
't 

., lo ~ 
.J ·1 'll °lil'U1:/'H•1 'lfl'i'UJ'tl v ,:i }l'l 1-l 1 'n ·1 .. ... 

S, ., ' I 

TI',:i'1•t u1n·a1·1 L uu,n~ -~~i·hrnnb~nm1 L ti,JTiil~umrnfit1n-1";i 
't 

L --lJ,y-nu ~ih 11-....,1~·rn-w11tl~-w~u·1,1u L u-J •t u1bY, L TI1--11 rm 
' 

super 

L 11-ufi·rn riuiiYJ 1-w~i L H'i'l+~fl'~ L ~vflT'H•'h~ ~ 1 uu~~,~,d 1 .J 

1h~ L TW\ 

!..w1 ~l!t, L ilu?h u:nu-fi·n 'h1{,1 L 1-i':f'l+~fl~ L ~vfl1'ifl~1ilfl'l 1'.ll 'U.1h~ L Til--i -
L ilu-wui~~ ,:i ,1,rn cl11 tJ ~ ~-1 L f/l 'llff\';f'WJJl'U 1 'l 'll 'lhY, L TirH•i·H~il 

' ~ 



l. ll'J'i'll'l nif' A dhL"ll~'l1J:J'll'W~l~lli-l~-:J'~~·hr111,~,L'•nfl ni-f A .. 
1t,,i1r1&-1t.1&1 L 'H-n 1i:1';.J~1h n 'l i11T.H1u~1,i~"Ilt.J ,:in u1 Wi ,:i "'i'l ,:i 1 u 1,.1"i~ Lu~ L 11~1i'U 1#it<1~v&l 

l ·rn·)~ht! {i -:i1Hfa_1~i!m~1rn.'-flflfl'l'HL'1fi'l1 111 t' /\ 'IJ(.\ ,:i K. prn?umm1 i ae M Sa .1 dh .. 
.!t- 1nH!u.mn11 i ,u:_ LL~TW1Jffl'ifl,~fi'UntJil'i'lh~'Ilv.:Jti'lJ.1ft1( Huchanau, fd,. a 1. 190 J > .. 
U.~~ 1<1:1:cdy. Rob!;on L l"l~t)'U 11CK I L 'th Azo'l,ohru:t.<H' Ni fL~TJ pRK ?.Cl 13 1ii' 

am1fll 1T;fL'1t.J~1·i1h~riu'l 'll.i1Tl ~~liv'Ull~UvlJLll L Uu~1J-uH11rn~ •n u~·111.r1r11"!l1~11'11c K :1 .... 
2. tl'l 'i vrJ·-h llfl'U'tlv ,:i,:J11u."~~-1 tl'W1J.l,;;;.i,}w~n~ ml '111'1TJ ti ·mm~ 1 fl~ .. .. .. 

·~1YD<111.1311 ii' ,:i 1 ~(n,~m,~,~-1 '11fi'l 'UL 1~1~,11~~,hri L ~111 vfl'1c1'l 1L11T'i L ,./J,u,iv "~ii 

~-Oil'U.~1 l 'i1'li derepressed ni f' mut.ant,vri"i1.111'l'U'i¥'l{Qtti'!f1{i .. 
--i ~ ~B'fi1'ti~TT1'r~ih11r1"if1 l~'UL ~fl L ~,1111liil, ( ~'U'l \l~iifi~~ L fiu 'l1,i1 ri"fli~ti11,~ · 

' 
L ~)J r.J~ c.J~~l 'llv '1~'Y'}l-'4'tl 

Hl~"'!Tll v '1f11'Hh LU 'U l A"i ,Jfflj , 

t l'l'ii-h L ~'U. Lr1·Hn-1,i~~ L U1nh~ 1 ri'tiif~cirl&i'·1 L 1h.1 L.-1'i .JflTil uu ~ ,m .Jfll''i 
"' 

-:r~ni:1 u~:;(i·h ,:i L ~~ 11 .. 1THJ~t1li L fi,1 L ~'U, ~uui.10.iv ,:i 1h·~11-rnffnll1'~ lri L ~mun L ~v ,. 

~ - ~r.- 1~~u~:anc..1~,h1l u.~~ L "N~lltl"l~NilflT'lul'l uu.;i-wliil'il.'lylTllJ~-llJ'1"it1'i'l11n'ii!'1 L ~u,i .. 
1-n ·12Jt~irii L ~1nnnrrn .J'h1w1.-1·1~,14 ~l -X~,;t" L j1J.,.1:uH·1 'l 1LrlTl;J L 1h.1~riu·1 .. 1·1~fl.f mHf" .. , 

' ' 
L 1v ~n.h l U'IJ.11Ti 

ul! -3 iI -rn·h .JjJTW'W~iuw~lll 'UH~~ ..,-.. rn t:J~·rnnTi 1 iill'l1Ju .J.-n 1llf '.,n1111·1., .. 
llTiiWm~~f1T1lJf,nniTiri·1w1,11~,3c111iiull1 'l-XL ~u--i~ .J'4UL fi.-1lJt 'lJ.llTW~.=iv L ic,,:i L ~uf'i~J 

"Lu .J!il'J L u.J 1,~ 



., 
fu~ou,un1,~"1tGu~1u 

• 

' ti <tJ • ~1,,w 1 UNt super sweet ~1nMu1uwuq"til, 

n,11iti1n1, l mt~, 

' iun11:: n,t n,~ ~u fl"lMU~OltJNtin~t il"ll inm1,t1ililOi 
' 

iun11::n111JNnlf,fo A1UA1101M1, N~source . ' 
~ .. .d ~ .. 1w11~1nn,::01~~u,wou,::1atiu,un1,~il~1UWN 

a1utu(1N!wjiiJ1uqn,,11~nH1 

l Mlt l Kai N1tJl1Ut{' ~u,«iio~i1rnu1uAnH1 (Wild type strain) 

R~NltJWUtf l ~u.1u1irt11u~iun11R1\HJ1.,?IA~rl1Ul1UtfliliHlU . ' . . ' 
(Recipient cell line) 

' U"l~rnw~~~,n l tlf,)UAU'iUll~i N1,Nuqn,, J.Jnrlu, ~ 

(recombinant plasmid pCK 3 UNt pCK 3* ) 

111d1u1outf1v Azotobacter vinelandii 

l ~o l fiumhuAnH1~ultl ( TRANSFORMATION TECHNICS) 

l in:: 1 f u ~ rl1ulVu{, mjfi, f1it1tj '\ uMu1 u An H 1 

(Transformant strain) 



.,,. 

""n1i"L~~n (Recombination DNA Technology) -

l 

AnO~nnW«lUNud,""~"uui«1~~~wiuunu«1u"ulU11iwfl 
, ' ' 'II , 

V J J cl V o < 
n1u,RL~ilU1t101'inRNililWul0UfluUnU1"111A'i1t" 

u • 
• 

~RR1"n1'it~~ij~Uiluun111wfl 

. 
~1 U tJ'i l1 ~fl¥11 JJ 

uunAnM11fiuu~"ttj,~•ijwiuJJnu 

A11JJ«1"1'iniun1'i,~~ij 

(Unloading site protein leaf/root) 

3 01:'ll1flsrnifio1~1l UU'f 1U t ~,n AU l a,u~/1·~~i H1-t,un:i,u,, riua"Ul"ii n,, . 
• • •. C ~:- '• •~•"- ,';i':f.~•.•._- 0, ••• • • • •• • ,;--·• - - - • • 

J .. A d ., 

lNuU'itOUR11JJlnunuiut1u~N 

~1JJUU1R11JJ~~~ 1 ~,u,u,4uiN1U~u&uatR11"Nll·~ 
I 

fl1JJUU1R11JJA~~ 2 

Nitrogenase 

Km 
ARA {Nitrogenase activity) 

AnH1n1'iM1«1unun1'i&~~q 

~uv1nn1511R1,~,n,iiWR 

Protein ~1flR1UMUiflin,un1"il~~ij(Unloading site) 
J .,,., .,., 

LNillN'iJJUIMUOtlil~n 

Glutamime synthethase {GS activity) 



n1,1A~U"~1il~7~ GS assay 

0~ • •• 

uuuun1fl~~~1nJ1,N=~1uA1u 10000 rpm , 1;5' 

(• 2J ( t:l J ~ V d 

in~A1U TME l!Nt:llUnlflNttUiJn~~llulltl~?.171-IAU 

250 ml culture: 10 ml TME 

sonicate ~ 50 Hz,output mode scale 3 

• 

Transferase hydroxamate GS assay ( Shaprie-Stadt~an; 1970) 

Incubation mixture reagent ( IMR) 

Imidazole-HCl Buffer pH 7.0 , 0. 5 M '2 ml 

Glutamine 0.15 M '4 ml 

MnSO4 0.1 M , . 6ml 

ADP pH 7.0 ,0.01 M , . 8ml 

Sodium arsenate pH 7.0 , 1 . 0 M , . 4ml 

WiW'l UtJ~ 1J7A"i 10.0 ml 

Hydroxyl amine solution (H-solution) 

1 X lM NaOH 

Ferric chloride reagent 

8x 10% w/v FeCl3,6HzO 

2x 24% w/v TCA 

lx 6M HCl 

13x HzO 

1--g l utamy l hydroxamate " ltJU~711J7A157U 



. ..,.. 
ARA (Acetylene reduction activity) 

d va v C: a 
ltlr!UUU~~u1n1A'"" C2H2 10% R1Ulfl""~U7~ijij7n1A 

U" 1 i11UiM~u"1nni1 ,n 200 ➔ l U~~U707Al"Uuan11::n;Nui 

d II 
"~Lfl1 GC ( Gas Chromatography) 

FID detector/ TCD detector 

column Parapak N 2.0 m* 1/8" 

He carrier gas (02 Free) 

.: 
A17"l~1 30 mm/min 

column-temp. 90 • c 

Lowry's reagent for Protein Assay 

• A V ~ • • • .., • 

Uilrlt Liutfltl~Oi01~l1~NuU1~UiaJ1J~fll 1U~t011 12 ~10U1i 

n1~l'l~NilUU~a::n~&"1n«ui01~A11U~U,~~uinn,I, 

N1U~uf,r1ifl~ WT ,u"~,u~nti7Urlt WT~10N016U~UN1Uiuf 

TF pCK 3 ,TF pCK 3* 

N1UNuqf111fl~"101,~ij1~A~U 

S-1, S-3 ,SS 



.,. 

• 

2 ~~~1nn17~1LUu~1u 
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