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Character and Function of Restriction Enzyme, EcoRI
Inhibiting Substance Extracted from Spinach
Chloroplast and Chlamydomonas

Hwang, Seong Bin and Sun Hi Lee
(Department of Biology, Yonsei University, Seoul)

ABSTRACT

Restriction enzyme inhibiting substance (REIS) extracted from spinach chloroplast and Chlamydo-
Mmonas seems not to be proteinaceous, because its inhibiting activity was not lost by heat or trypsin
treatment. And it seems not to be lipid or polysaccharide, because its inhibiting activity was not
lost by lipase or a-amylase treatment, respectively. In Chlamydomonas, putrescine, spermidine and
spermine were presenl. The amount of putrescine was the smallest and that of spermie was the
greatest. But only spermine was contained in REIS and the activity of REIS. It was proportional
to the amount of spermine in REIS and it was hindered by Na* ion. So, the inhibiling activity
of REIS seems to be deeply related to spermine contained in REIS. But restriction enzyme inhibi-
ting activity remained to the some extent although salts and spermine were eliminated by dialysis.
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Fig. 1. Patterns of inhibition of EcoRI activity by 0.3 M
NaCl elute (restriction enzyme inhibiting substance;
REIS) and 0.6 M NaCl elute (nucleic acid; N.A) extrac-
ted from Chlamydomonas and spinach chloroplast. 1,
ADNA; 2, control (ADNA+EcoRI); 3, Chlamydomonas
(21 gr, V)-REIS treat; 4, Chlamydomonas (21 gr, V)-N.A
treat; 5, Chlamydomonas (21 gr, G)-REIS treat; 6, Chia-
mydomonas (21 gr, G)-N.A. treat; 7, spinach-REIS treat;
8, spinach-N.A. treat; 9, spinach-N.A. (extracted); 10, spi-
nach-N.A. (extracled/dialysed) treat.
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A2)# gzl spermineo] AFEAE JA T B3

AaE

3+ polysaccha-

, &Y ARES
7]

Hwang & Lee ! Restriction Enzyme Inhibiting Substance from Spinach Chloroplast 219

1 2 3 4 506 7 8 9

Heat Trypsin

Fig. 2. Effect of heat and trypsin on the activity of restri-
ction enzyme inhibiting substance (REIS) extracted from
spinach intact chloroplast and Chlamydomonas. 1, control
(ADNA+EcoRD; 2, 6, spinach (intact chloroplast)-REIS
treat; 3, Heat-treated spinach-REIS treat; 4, 8, Chlamy-
domonas-REIS treat; 5, heat-treated Chlamydomonas-
REIS treal; 7, trypsin-treated spinach (intact chlorop-
last)-REIS treat; 9, trypsin-treated Chlamydomonas-REIS
Lreal.

123 45

Fig. 3. Effect of restriction enzyme inhibiting substance
(REIS) on the activity of trypsin. 1, ovalbumin+tryp-
sin-+spinach (intact chloroplast)-REIS; 2, ovalbumin+tr-
ypsin+ Chlamydomonas-REIS; 3, ovalbumin+trypsin; 4,
trypsin; 5, ovalbumin.

7} 919371 (Kuosmanen and Poso, 1985; Hwang and Lee,
ojkE) AEA4s A=A d47)5H FFE sper-
mineo] A& FA7} AE Helehe Aol 1 AT
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Fig. 4. Effect of lipase and g-amylase on the activity
of restriction enzyme inhibiting substance (REIS). (a)
Chlamydomonas-REIS, (b) spinuch (intact chloroplast)-
REIS. 1, ADNA; 2, ADNA+EwRI 3, ADNA-+EcRI+
REIS; 4, \DNA+ERI+REIS (lipase treated); 5,
ADNA+ EcoRI +REIS (a-amylase treated).

6 7

1 2 3 4 5

Fig. 5. Thin layer chromatography of restriction enzyme
inhibiling substance (REIS) extracted from spinach chlo-
roplast and Chlamydomonas. 1, spinach (intact chlorop-
last)-REIS; 2, Chlamydomonas (21 gr, V)-REIS; 3, Chia-
mydomonas (21 gr, G)-REIS: 4, Chlamydomonas (zy-
gote)-REILS; 5, spermine; 6, spermidine; 7, putrescine.
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Fig. 6. Inhibition of EcoRI activity by Chlamydomonas-
REIS at different reactions with TM/TMN huffers. 1-7:
0, 05 1, 15 2, 25 3 (w) of REIS (reat. 8-12: 1, 1.5,
2,25 3 (W) of REIS treat.

Table 1. Relation of Spermine to the inhibiting activity
ol EooRI activity by Chlamydomonas-/spinach-REIS or
nucleic acid fraction

Inhibition

Sample Flourescence
activity density of Spm.

" spm.(100 uM) 4035
21 gr(V)-I N1 34.2
21 gr(V)-N ClL 717
21 gr(V)-I ClL 605
21 gr(V)-N P.L 512
S-1 C.L bh.6
5-N NI 453
S-N(ext) CL 226.1
S-N(ext/d) P.L 249

Flourescence density was measured hy the flourometer alter
the extraction of spermine (spm). [rom TLC plate. The
amount of samples is 100 pl. S, spinach chloroplast; V, vege-
tative cell; I, RELS (raction; N, nucleic acid [raction; 21 gr,
Chlumydomonas strain 21 gr; N (ext), exiracted nucleic acid
fraction; N (ext/d), dialyvzed N (ext); C.L, complete inhibi-
tion; P.I, partial inhibition; N.L, non-inhibition.

A weeuel 29 PEsck 1TAe] QSAsk Oh-
lamydomonas)+= spermine, spermidine, putrescine 5]
2yt gl polyaminee] 145 =) }be] 20l (Figs. 7 and &)
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Fig. 7. Variation ol polyamine concentration during the life cycle of Chlamydomonas reinhadlii strain 21 gr (mt+)/
137C (mt—). SPM, spermine; SPD, spermidine; PUT, putrescine; V, vegetative stage; G, gametic stage; Z, zygotic

stage; -0, strain 21gr (mating type +): M,

strain 137C (mating type—); 85,
the bar indicate the fluorescene density of polyamines.
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Fig. 8. Variation of polyamine concentration during the life cycle of Chlamydomonas reimhardtii strain mat-3-1
(mt+)/mat-3-1 (mt-). «j«=, strain mat-3-1 (mating type +); Uill, strain mat-3- (mating type—); 8885, Zyeote.

55 A Jgas dAEH Wl spermine R
EAslgd o (Fig. 5). Chlamydomonase) 7% spermine©)
A Ho oko g Zaslr]nk(Figs. 7 and 8) Fig. 54

ol AAEAeA A spermineo] 713 wo) A g W&
s Abol] Z§}El= polyamineo] FE sperminec]sl= A4
2 Al4lgtt}(Tabor and Tabor, 1984). AlZ=2k Chiamy-
domonasol /| &3t A4ba) AgE s JAE"e] s
gk A 4757 spermined) oF2 =Ag Zx) A
#Astec}d A4 EAe] APEr: AA7|eH sperminect

E57} =9hvH(Table 1; Fig. 5). o17]el4 Jo3 i+
QA 7150] dAFAE) koA B Fo) vyebst Chlam-
ydomonas strain<l 21 gre] ek A7)l 4 8 4tel] ] @
sperminee] Zzsleich ojxle] AHils: Zgls R u), )
Far4 gAEALS dH7%5e #H3E spermined)
AFms &7 ot A AgE4 oAAE 22 spe-
rmine#] <kt 4475 & vlAFA A e 2ok s,
A FHE A 01 1 EAe] He
Bect TM(Tris- MgClg)

Chlamydomonasol 4 &%
TMN(Tris-MgCL-NaCl) $t&2
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el o] Y2 TEE ATFRALE AAlTE 740](Fig
6) #A=EEH, ol in vitrool A polyamines] <& 1]
el ZAzlel(Hwang and Lee, v|2E) T-dg 7o 11]
AFEL AAZANS sperminee] HA 7|5l o]
AT Mg Ui ol Al & 4 glvh et spe-
rmineo] o} EA 31 AREL QA7 AAHLR 7
Sl A HAHAS e gdelh 2 ool S, in
vitroA} spermine-2 -a]_uﬂ- ) M) FEelA AghE
25 oA A (Hwang and Lee, v|¥3%), 44 A&
AU 2] spermined °|Bc}t R HLe 54 M2 FEE
2457] wZe|cHTable 1), 54, S-N(ext)(D) & 7%
(Table 1) FA2 E8 spermine™ 355 72 A7AA]

= B AaEs oA 7)5e] BRE R Pe}
21517 dstelek. lg A2 v|Fe] JAELel=
spermine &% AHE 4 A7) 5] Zlo] Tedsl= )&
Uzpr} EAE e FAgo.

= [ee)
| AL

A28 F=2A9 Chlamydomonas| 4 23 ALa
2 JASZe dxe) trypsin Ao 25 o A7)
Lo] ZkAEA o= Ao g Hel whiiale slE=Ade I3

B]atatgdc). =4t lipasert a-amylase 22 o5 AFFAA
A 7| 5o] FashA] g Foi Bl o] dAEA] li-
pid+} polysaccharide 7lsA= Iutelgich. Chigmydo-
monasel|= putrescine, spermidine, sperminec] =5 &
Ashe, putrescinec] 7}3 wWX, sperminee] 7} A A
ZAslger e} A9Es: JAEHNE FE sper-
minedto] ZA) s, JAERAY AHEs A5
spermine$] o Alo)qll ul#) A ArgA 7t o)z, A EAH Y
Zpg-ol Nato] HA4a 98& 7|0 72 Yo} o] o
AEAL] AL A7) gl 32 sperminee] o
#9 Aoz FAdolh oo} AgEL: HAEHE F

38 FAAA spermmea«} AFE A AAXNZHEdE
FrEln Agas dA|7|5e] FEAF ol glodch
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