HARIMIER). 39 39-48 1994
Cheju Univ. Jour. (Natural Sci.).
39, 39-48. 1994

whul 20 Z3tol] ¢ & o} ¥ GLYCININ®]
TEA s B AT

A R A

Studies on Improvement of Quality of Soybean Glycinin by Protein Engineering*

Kim Chan-Shick**

Summary

Glycinin is one of the predominant storage protein of soybean, plays important in the functional
properties of soybean proteins, To improve its functional properties (heat-induced gelation and
emulsification) and/or nutritional value, the A ,B;, proglycinin subunit was modified on the basis of
genetically variable domains suggested from the comparison of amino acid sequences of glycinin
type globulins from various legumes and nonlegumes and the relationships between the structure
and the functional properties of glycinin, Thus, nucleotide sequences corresponding to each of the
variable domains were deleted from the cDNA encoding the A;,B;, proglycinin, and a synthetic DNA
encoding four continuous methionines was inserted into the cDNA region corresponding to the var-
iable domains.

Expression plasmids carrying the modified cDNAs were constructed and expressed in Escherichia col
strain JM105. The modified proteins were accumulated as soluble proteins in the cells at a high-
level and self-assembled. This indicated that the E.coli expression system of glycinin cDNA may be
used for the evaluation of the self-assembly and the food qualities of protein-engineered soybean
proteins. The modified proteins were purified to homogeneity by salt precipitation, ion exchange
chromatograpy, and cryoprecipitation. The functional properties (gelation and emulsification) of the
modified proteins were compared with those of native glycinin. The modified protein (A B, ,V+
4Met), exhibited functional superior to those of the native glycinin from soybean, which estabilishes

the possibility of creating theoretically designed novel glycinins with high food qualities.

x o] =82 19925 Il Alaedpu] Ao 2 A*sUE
2 ¥ 923-1500-005-1
% % =3} 8 x84 3 (Dept. of Agricultural Chemistry, Cheju Univ., Cheju-do, 690-756, Korea)
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AE SYste Aol Fasich ¥ Aol Al
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Foll A, 4.
Waf4] A-+EF $@ i
670 2] subunit® -FA4 3ol 2lct(Badley et al, 1975
1976:Mori et al. 1979.Staswick
1981:1984). 7 subuniti polysome -
signal peptide,
Al4E goteh A& preproglycinin Z 4] A3 g4
Hre}, Cotranslational® 224 Z 3 (endolasmic

reticutum, ER) 2 o]8 & afof,
processing-g Hto}4] proglycinine] Sth{Tumer et
1982) . ERZoll 38kal (trimer) 2 Z24 g
c} (Chrispeels %, 1982:Barton et al, 1982). ER
o 4 protein body& olf & wel, 44 A3 F

NSl $42

glycininell Giycinin&
Kitamura et al,
et al,
A,

acidic chain, basic chaino]

signal peptide 7}

al, ol AL

714 A& Atol7} pocessingg #ol4l 4 <3 (mat-
ure form) o]
bodyell %%

slz, 6% (hexamer) 24 protein
A Ao} (Tumer et al, 1982:Chr-
ispeels et al, 1982;Barton et al, 1982). Glycinin

T4 subunitz 4, A B, A;B, AB,, AB

o AABS FR7E AF SR o (Staswick,

1981:Fukazawa , 1985:Kim. 1990) eo|&igt #-&
ofmiic Al side] fFAlg oy Re, AB, type
(A.Bp,, AppB. AB.)3H AB, typesl § el
group2 2 FHFHch o] grouprtelel, WHF T
wdel gl ofvjialel methioningtafel Hxjr}
2 538 HKm Ud

KE wAlg whda Ao s 3k (modif-
ied) 27| & WH oz domain &, FTAH DNA
o AEA). E5F dae A (delete). 4bal
Zea By Helx Hol(site-directed mutage-

nesis) o] 2t}

Methionine #hegkoll wo]Z 7}z cDNA 2
84 acidic subunit A B, ¢} basic subunit
Ay Bl
S mEFozH ¥l G4l
2 GAR) 3t=

ol &

subunit 2] acidic subunit®} basic subunit

A" FHAE

Rol v}y slct ol2ld domain I
$4e 22 o5 glycinin o subunit 24 2aj
EA st Aolm, & ofulial vldo] M2 {FAEY

olste] 7N 2k€l (modified) &
7 & (modified) Tl Al o] F 2= g4

A #A7 Ug Aolehn gAdeh 2aid slel
Aersie el Aeoly ARe $oz al
P2 Yol 4% 0 shr4el aluh

Dogliz Mo

7}] ek

(Ffpr) 21 e
Blasl e ¥ 9
X% BRI Sol &g 33
- glycinin 2] &1k

13%‘4 HF d5eh aviel Fap Ao
WAl 11S globulin 3 14} -Fz7} yhalAmda =
lmZ Fe R s e vhe g o] x4l
Ho 1985 Wright, 1987, 1988). +
Fdode 7= 474 2 Rl T d¥E
Fatz glvke Gsa gk

A NG he@ G UdE, = ¥4, #

(Argos,
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gol 1ohd F2¢ 4EE A
% hsyaz 478D o
Acidic subunite] N=igh X9 1RE3 acidic
subunit $j¢] 3%, 83 basic subunite] C%
e 122, #A 5 8 Fe] A} ey
fetn 245w Yok oln AP AryAE A4
4 ojm|xAle] FMal=z folding B deldiAe

2z Zwdo] x2% A olzstz AAEo(Kim,
1990).

ojmi gk Mg ¥ Adrtol hy T FeA
o) Pz 7% EAFe ATPAol

% glycinin®] 719 gel (L F=5 54
o) Az @Al 4 AREZ 3 s gel fetk
Az oz 7} subunit®] glycinin 2o 42
o ga4e) Ash 5ol Aok = s S4FY %
el f34 (FULI) & 4244 BRI T A4
(B ol 7Y (balance)oll 712E F 4Aol=
, %4 e Bgtes A a4 Ade] 7t
Saictz 474E 4 s

29, dR4E FAo| HEsH?) Halod methio-
nines} 44 ojulwAlg AL 4 code & ¥A
DNAS 5 glycinin cDNAS] ARl 2siA A
4 4A% 712 A% AEEAE AAYe (W
g2 4LHEE AR s $84, 2§
4 59 A4), = SH 718 A 22 MAE 3
oz #HA AP (modified) FHAE =AY
7+ A

Hoffman,

%L 99 &, 7

u

L. M. 5(1988) & #H4-=<l (normal)
phaseoline &2t} 7§28 (modified) phaseoline
2 21§ transgenic plantel =313 = normal
protein bodiesoll ZH=igict zeivt

ER (endoplasmic recticulu-

phaseoline &
modified phaseoline-&
m)ol A= A<l phaseolinest vharix 2 tri-
mers2 Z=zle] o} protein bodies oA ZF
FaElA St Rgicn 2ustn glch
a2l g olalgl modified gened Aol x93}
71 Aol ulgZolalel BEKRE ol&sled HAY
Aepsl e A (modified protein) ) & FREHED
(self-assembly) & H7igo 24 s aH (modified)
SR A Boll Eosgd A 42NE A
22t 22 B BREE %A W4 slauE d

Asted aA Fdsiels ZidEch

¥ Aol B3 glycinin AB;, subunit®] 4
A Flsg Cugh ¥9jol dF gk Mg ofu
3 4kel methionineg 4/ 484X code & YA
DNAS =9l e dFFolA dizf UdAA 3
7§ Foil native ) glycinin®} modified glycinin
o] 715 548 Hrisled HAEHLE =& 43
£ Ag 2 FAez gt

R L

1. &F, H§X| X plasmids

Ag% F3E o AF (Escherichia coli strain)
JM 1058 =3 (host cell) 2 AM&3%ch

wl=] & 1% bactotryptone (Difco), 0.5% yeast
extract (Difco), 1% NaClz F4¥ LB medium
(pH 7.5 & A-83t3ith

o] 7joil A}£3 plasmidst pkk233-2
(Pharmacia), pKG A,,B,-3& +H&3t5i=}tKim,
1990).

Agd ¥ Plasmidsq! pKG A,B;,V +4Met2

zAstel A8asc(aH 2).

2. CHEFFOIA{Ql 74 2bCheEl (modified
proteins)o| & nl H&E

o % Foll A1 2} modified TH Aol e dHz 7
22 ampicilin °] 25¢g/ml 7t ZF¥E LB
500ml o Z7+e] expression plasmids?t ElU+E
JM 105 overnight »AoFo? 5mi& FFF F 37Ce
A wloksiaich  Aw=0.30l =FUE = PTG
(isopropyl-g-D-thiogalactopyranoside) # 2 %%
= ImMo] SIE& Arisl4 BPE FEHASG o
A] 37Col A 20417 Wy ¥ MAFdd FANE
A #Fsiedct. FME sonicatorZ A ¥, A4
Balslo] cell debris® MAsT 2 AFEE A3l
gt} ASol.e SDS-sample buffer (62. 5mM Tris-
HCl, pH 6.8, 2% SDS. 20% glycerol % 0.2M 2-
mercaptoethanol) ol &s4sted 7}d¥ F SDS -
PAGES At&3tod Laemmli #h (1970) 22 ¥4
ahadch
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3. CHEZOIM wé
of A
2E BAVAE 4ClH S

1) BAH: =@3 Y22

wokol 24L& HH A (strain/pKG A B,V
+4Met) T4 80g(wet weight) & 50mM Tris-HCl
258 (pH 8.0) 240mloll #ebalzl %,
#HF 5 =7t Img/mi7t S8 Hrlsigich HEted
4 55l 0EFTT FAAY F, oAFFE A
£ 2332 s AAF FH debrise} 3}
=2 %+ Al (unbroken cells) & H4l¥-8] (15,
000rpm, 15min)oll <Js] Azt A B, V+
iMetth AL o AFAE &3t off w9}
Zol FAHE AAIFAC

2) EHAI2: (NH,), SO0 =8t 29

{fractionation)

o} (crude extract)el] =) (NH,),SO,& 40
% EIE & MEA o) SHE 30¥ F 2
A7l ¥, AHEL YA (15 000rpm, 15min)
o 2s) AAsict. 2 AFko Al (NH,).SO,
E A7zl 65%Eo) Sl E =AY ¥, 0%
TG msigich AAY wwAde YgARe(s,
000rpm, 15min)ell 2]a] =& X 35mM potas-
sium phosphate €3 (pH 7.6+0.15M NaCl,
10mM 2-mercaptoetanol, 0. 02% NaN,) (buffer B)
of ¥etAZch 2 detle B 2h3of 2LE o7
W A2 fdFdez ¥y 2447 FI 5
A A e},

3) EHH3 : Q-Sepharose column
chromatography

548 AEE B3l oz sy Q-Separose
column (1. 7X24cm) (Pharmacia) ol $9J&ct
AL §390] FHE(Aw) 7t 0. 10317 L7}
Z] Bi3oloz MM % BghFolo] NaCle]
0. 15M NaCle|4] 0.5M NaCl7tz] &4 Afo] Full 7}
e & g g&sldch AB V+4Mettha A
o] Z3¥ fraction® SDS-PAGEZ 7 2sh4] g
o},

4) T4 : Cryoprecipitation

& modified CHE{ZE|

lysozyme-2

A BpyV+4Metehi Ao] 358 AEE 6mM
Tris=sHCl #}%°§ (pH 6.3, +10mM 2-
0.02% NaN,(bufer C)oll i3}
A 2dEd ojey SRR g s B4
At 4" A8+ Y4E2 (15 000rpm, 15min)
of o3 HHEL LUk PHEL 35mM
potassium phosphate €&} (pH 7.6+0.02% NaN
o) (buffer D)oll #etA]7] %, ghdol Dol thalA] 1
d FG FAAA A AL Agich oA
MY e $dzAdolM SDS-PAGER 72
% 23 homogeneous® #91=|9lc}

mercaptoethanol,

4. TH5 native THIfE QI 2S, 7S, 11S¢)
=H|
52 28, 7S, 11S fraction Z#¥: Thanhe}

Shibasaki (1976) %ol whel =] &}ich

5. Protein determination

) A2 bovine serum albumin & FF o2 3

4] Bradford u}¥ (1976)ol] web 24319

6. ZHZE (modified) CiHZES| J|5 S
o "ot
1) S gelol &3

modified A A3 AL AA glycinine

3.5mM potassium phosphate £+3°j (pH 7.6)
(buffer A)ell geld =A5}7] 2 Ao F44 3z}
Mo gt5® ¥, ZAzel A fBEL ultr-
afiltrationof] 2Jsf w9 Fx7} 5-10% Fx7 =
EE 5% slgch A9ZAE Algalod 4 5%%hy
A FEZ F4AZ Pl gele Utsumi(1982)
2} micro-method¥oll wa} =&t Gel har-
o] 8mmg! plunger& 2}&3}o] rhe-
ometerg At&3led ZAFACE geld 0.4 mmE
%3 (compress) 3t=ul M 23 forced hardness
vtetio] wlmatgich (Kim, 1990).

dness+ A&

2) Emulsifying activity
modified W¥eH Ao g 314 (emulsifying
activity) & Pearce®} Kinsella(1978) w} o] ula}

339l emulsiong 2A 57 Yatd, S oil
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0.5mle} w2 0.05 %288 sonicator (100W,

J0sec) 2 Hsiydch. =& AHelsh gud AF,
$7)e wvletez BE emulsion 30ulE 3o
0.1%(w/v)SDS foio2 Hsigch HHE em-
ulsion®} turbidity= 500nme] wavelengtho}4l lcm
pathlength cuvette® A}-83}od 2 gtodoch, Z2t
9] emulsionol] & FFE & aliquotd® 370 #Hsl
o 24 ¢ % o ¥7FLE Ak

Az g 312

1. 2= 28 plasmids & =H|
{(construction)

28 1{A) & Wright (1988)oll <Jsf Aitd
A,B;, proylycinin] 7} odod (variable domains)
5} 82 oo (conserved domains)§ el F2
otk

) keidic Basic

(8)

Fig.1. (A) The variable and conserved do-
mains of glycinin A,B,, subunit al
-igned by Wright(1988). The num-
bers of the residues from the N-
terminus are described for the
variable domains above the

The five variable

labeled 1-V.

variable domains;

alignment.
domains were
Shaded areas,
open areas, conserved domains.
Acidic and Basic to the
acidic and basic polypeptides
respectively.

(B) Construction of the A;By,-3.
A, B3 lacks the N-terminal
three amino acids. The N-
terminal methionine was retained
in A,Byp 3.

refer

Glycinin®} 715 Z4€ Adds A, 29 1
B)ol 2oiFE RAF AB, progiycinin®} 7z}
o] 7} o (variable domains)2] 414 (delete) &
A 58tgich. od7lol 2 (construction) § 274
expression plasmid®] e 7§ A H(translation initia
-tion site) 22 7] wide A,B,-3% i
aejez 4y wAe A B, proglycining} N
nlel 374 ofulicate] 7R (lack)sle} Uz HH A
A] (initiation) methioninee] ==z gt <dF4
o 2% BAL FAol AAszE HAsA, Wright
(1988) Soll olsf aetgl 7hd o™ (variable do-
mains) Voll A3t cDNA ofdo) 47] d49
methioninee] encoding ¥ %4 DNAs& 4bdl
(insert) 3ted %20 2edFE 2 A3 pKG AByy
38 Apgstod pKG AB,V+4Mete =
(construction) 3}t

Eco811

g
£

pKG A B),-3

EcoB11

Klewnow with dTTP
—Synthetic DNA
ligation

C 17
&

Scheme for construction of expression
plasmids pKG A,,B;,V+4Met. Synthe-
tic DNAs used for pKG A,,B,V+4Met
was 5 -CAGATGATGATGATGCA-3’
3’'-CTACTACTACTACGTAG-S".

Fig. 2.
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Al A3 2 £, Chou and Fasman ®9ol
e} ol&dE Wy LA Y2 23 FzE ran-
dom 23 B¥ a-helix F+z22 watsle] gt

PKG A B, V+4Meto 2 ¥ wdg )}
(modified) T2 Pro 4673 Glu 4684}e]oi
Glu-Met-Met-Met-Met-His& 7}x1x glgleon] 21
T2 randomo® H¥ a-helix HE=lo] Yol
c}.

2. tigHez 2e J4aE (modified)
ErEel WD A

Ampicillin (25¢g/ml) o] Eojgl& LB wjz] 500ml
ol Ztzte] WY plasmidzt Eo gle JM 105
overnight culture SmiE HF 3l 37C oll4] wjok
8k Awe=0.3¢4 PTG (isopropyl-g-D-thio-
lactopyronoside}) & # % ¥x7} ImM9] 5z & A
7batgdeh. 37Col M 20417 Wiy 3o SEE
cells€ A4 Eol] os) A Fagict

Byd 2Azte) AE (total cells) 52 SDS-sam-
ple buffer (62. 5mM Tris-HCI, pH 6.8, 2% SDS,
20% glycerol, and 0.2% 2-mercaptoethanol) ol
o] 4 SDS-PAGEZ ¥4 39t}

AlBpV+iMet2 ci@F FaHollA o=} (high
le-vel) 22 wW¥sgic)

3. HEZS2 RE modified &8l Chy
22| A
Z7te] modified YHGAA L e W

native glycinin®] w-$47%<] cryoprecipitation (X
ol Yrslyd AAze 4A)BAHE o) L3t
A4doz vk BHIPA T4 oz 3
A 7 Asich AR e Aol 2ol 7}
d T2 5L AT I MEZZE (cell
extract) 8] v}8A4 L Hol DA L] o 2y
AEtz A7) Ao, zhze] gAY o)m
A DA HNE BTy A o) recoveryd 93 7}
¥ HA4A (denaturants) & 18512 golx Hrje
Helth. 2® 3& A B, V+iMettdchyae ¥
¥ fraction 9xF SDS-PAGER o] ol3)
Coomassic Bluesj 4ol 2]s) #<21% #3}s} Beol
4] NaCl gradientol] W& aF chze 42

(27

(===) NaClim)

Fraction Number

. Purification of A,,B,,V+4Met by a Q-
Sepharose Column Chromatography.
The protein content of each fraction
was measured by the method of Bra-
dford (1976), and sample of selected
fractions were analyzed by SDS-PAGE
on 11% gels. The bar indicates the
column fraction that were pooled.

kDa

94
67"
43

30

20.1

14.4
M1

Fig. 4. SDS-PAGE analysis of A, aBpV + 4Met
samples at different stages of purific-
ation,
kers;

Lane M, molecular weight ma-
Lane 1, fraction with 40-65%
saturation of ammonium sulfate; Lane
2. Q-Separose pool : Lane 3, cryoprec-
ipitate. The arrow indecates the pos-
ition of A, B, V+4Met. The numbers
on the left denote molecular weight of
markers,

patterng MoF:m
PojA fractionE-L
Az

A GAE A

Atk o) whAlelA A sl
2 & Xoll, cryoprecipitation
Hoz HAYE Wy g

_44_
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dolck 27 4 AMEE FAYolA ALBV+
4Meto] %% fraction®) SDS-PAGE¥H ZHi&
dZn Qo AFAHoz Aad chiae oA
s 2Agke o 55 kDaB ez wgsisid(a¥
4, lane 3).

4. I otz (modified proteins) 2
2 X8 g5 H (self-assembly)

Y ALBV+iMett@hii el 2ARY %
¥ (self-assembly) € sucrose density gradient
centrifugatione] 2ls] FA% A3, W59 ER
(endoplasmic reticulumn)o|4] FA=slE A} opal
7}z 8] 38kl (trimer) 2 FA=H (2™ 5).

28 78 118
U

S Te1L 1318179

Fig. 5. Self-assembly of the modified proteins.
Assembly was assayed by sucrose de-
nsity gradient centrifugation and the
proteins in each fraction were detected
by immunoblotting. The 2S, 7S and 11S
fractions purified from soybeans accor-
ding to Thanh and Shibasaki(1976) w-
ere run in parallel as size markers,

5. N2 el Jlsey BTt

Aok A Ee] FFEA (WA F3H4d) &
% native glycinin®} vz HEsdct iF
native glycinin®] %34 (emulsifying activity) &
100%2tz 88, ek @A AB,V+4Met2
210% 3 =& Jeldel HF glycinindch f244ol
o 2l AE A el HAE B Fa Ut of

2igk A3 C-terminal®] 444 (hydrophobicity)
o] glycinin®] 343 WA FAE 7HAz 9
t A& A 32

Azt Y 5o A4 (hardness)§ W5 nati-
ve glycinin®} wlx stgich. @By FE 4 S%gel
< ZA 3z 5 glycinin® Z+Zhe} modified ©hy
A gel9] hardness& 3% A3, dolF glycinin
gel9] hardnesst 1.2(g.f)& dJehligiov, A,
BV+4Metehld gele 2.3(g.0)€ dEhio)
native glycininoll vl gelz®£7} A Jeide=
AE BoFa gloy oy AL 4% 7%
E4% JhA a5 el g A4S Ude vbE
4& AAlska Uk

%] 8

Faade dEe 78 N¥BRAFe iz
e sls4del F2U A%e s 2

= $34), A%t FF AT HAMA
A|,B;, proglycinin subunit® FalAlde F=o}
Hs3e) A 232 A:FHF F3 P 6uFTH
Age ZAd ¥yl FT2EY olvixibidd
wmgto s Maty, FHAo2 variable domain
o] 712§ %3 7% (modification) sttt =
variable domainoll A3l W4t A7|wEdE /
AByy prog-lycinine] codedx 31+ cDNAE 4}
# (deletion) 3}A 1}, 7 variable domainol A3t
£ cDNA% ™) 47} 944¥ methionined codes}
i gl %4 DNAE AMl3iich k¥ cDNAs
o} W4 pla-smid§ ZAsn HFF IMISEFE
ALgate] @A AE dulPe ARE F
Aol dekez g4 A Pz FASe
o, 2AL5ER AR ok olRE F4AY
cDNA®] ti3F U3 Aaule] diadgses
4A% gisohdAde) AZFEFAA RAAYEHL
grtsted A4 e e AbEka gl
ety chide fedey A, oltm@pazvl
eas, a8z A YAste 4AE of
sty AAsgd AFE Aol JeE4E
nativeql ™% FAdx wmsigich M oy
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AABV+Met) & i E FAdR 75 E4 22 4% eEHE b dE dRE A
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