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CHANGES IN THE CONFORMATION AND THE SOLUBILITY
CAUSED BY THE SELECTIVE
REDUCTION OF THE INTRA-MOLECULAR DISULFIDE
BONDS OF BOVINE «-LACTALBUMIN

Shigeru Havakawa, Takashi Yokozekr and
Tamotsu IMADE

It was attempted to clarify the relationships bétween the conformational changes and the solubility of the a
-LA selectively disrupted disulfide bonds.

Three disulfides species (3SS a-LA) lacking in one SS(6-120) was obtained by the treatment with DTT and
Ca’* Two species possessing less than two disulfides (1-2SS and 0-1SS «-LA) were obtained by the treatment
with DTT and EDTA.

From the results of CD and fluorescence spectra and competitive ELISA assay, it can be suggested that
3SS a-LA possesses almost the same conformation as 4SS« -LA, whereas 1-2SS and 0-1SS @ -LA shows the
quite unfolded structure

While 3SS «-LA showed no solubility loss in the isoelectric regions, 1-2SS and 0-1SSa-LA extremely lost
their solubility in the isoelectric regions

It was suggested that the disruption of two disulfide bonds induced the conformational changes of a-LA

and led to the solubility loss
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Fig.1. Developments of sulfhydryl groups in «a -lactalbumin
(a-LA) treated with Dithiothreitol(DTT) in the
presence of Ca** (A) or EDTA (@) at 25 C
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Fig.2. Urea PAGE patterns for the estimation of the number of developed sulfhydryl groups

ina ~LA treated with DTT. 4SS represents to nativea -LA. 3SS was obtained by the
treatment of @ -LA with DTT in the presence of Ca*" at 25 C for 30min. 1-2SS and
0-1SS were Obtained by the treatment of @ ~-LA with DTT in the presence of EDTA at
25C for 30min and 120min, respectively. The standard @« -LLA (Std) with the integral

number of modified disulfide bonds was prepared by the method of Creigton"®.

sooe
-
100] .
.5F I T :
Pt
e P
E| > 4 i ’
c g !
i c i :
~| 2 : ;
-1 E ! :
e . 'z
o ' :
gl & | =.
I3 ° H i
o ? H
a b i
5| 5 ‘
8] 3 i
< ™ !
*
oL O [l F 1 e
60 120 180 240

Elution voiume, ml

Fig.3. Gel filtration patterns of tryptic peptides of 38Sa -LA modified with the fluorescence probe on

a Cellulofine GCL300 column.Each fraction was measured the absorbance at 280nm (M) and '

fluorescence intensity at 500nm (@).
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Fig4 Gel filtration patterns of peptide fraction II obtained by the Cellulofine GCL300 gel filtration

Each fraction was measured the absorbance at 280nm (A) and fluorescence intensity

at 500nm (@) .
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Fig5. HPLC elution patterns of peptide fractions 1,0a and b obtained by the gel filtrations. Eluate
was monitored by the absorbance at 220nm and fluorescence intensity at 500nm.

Star marks indicated the peaks possessing fluorescence
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BEARTFYO7 3 JBES|EY -7 = vy — I DHHiLickh, MeKELhHE5], Ta, Ibt
HERIME, 88, S5EDT I VEBhDLEAERTF FTHELENEN L. a-LAO—%kiEIns<75
F1132109-122, T ai2115-1220 %35 =75 FChote. —FEETAWOBEETHH, ik, I4FRO
Y S VICBEBET AT I BICL D M) PV SBBMHT Ok CHH EFELLRD. FRATF I bIX
6-10mHYTBERTF FTHHZ LRI I,

ChODERNS, 3SSa-LARBL TIISSHA (6-120) 2ARIRFNCEIM &2 e & & RS, ZTOfh
D58 a -LADEIN I M 7=SSEA DM B D\ CRBERNP TH 5.

I @e(leuXagenClulysKled@spGinriledeaGluys
Ila (euspGmrpXeyXagGiuXiys

ITr *adGluyaDPhelarg)

Fig.6. Primary structure of @ -L A" and the predicted amino acid sequence of fluorescent peptides isolated

from the peptide,lla and Ib. Xaa represents unidentified amino acid because of no standard PTC

- amino acid for S-AEDANS cysteine
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Rl —F, 1-28Sa-LAE 0-1SSa-LADCDARY FLERBRIO S D X 9 220nmf i D £ ORI R
KRELEF L. Ca @i 7R3 5L 4SSa-LAE 3SSa-LAZ220nmAE D H ORI A E ET
T35 (@RIRLTWW) OT, 4SSa-LAY L i 3SSa-LALCalc X » THEBNEE(LIh T3 T &
BRE iz,

CDARZ P ANSZREEERLHE L@ R LR L. 4SSa-LAL 3SSa-LAO - RGEERICIZZ
EREERR DRI 5z, 1-28Sa-LATRREAECRBE LA EELRohicnd 0D, a-~) » 7 A
EEPKESBAL, TRARTHHN B-BEOHMEeo TS, 0-1SSa-LAK BTk a-~) » 7 A

Table 1. Secondary structure of modified «a-lactalbumins

Q- % secondary structure
lactalbumin «-helix B-sheet turns  aperiodic

488 26.1 27.3 10.1 36.6
35S 25.0 26.1 11.7 37.1
1-28S 9.1 40.2 16.3 34.4
0—-18S 5.1 49.5 10.3 34.7

intensity

(8) x10"2° deg.cm2. dmol-~’
1
[+
Fluorescence

]
-
N

200 220 240 %00 350 400
Wavelength , nm Waveiength , nm
Fig7 CD spectra of the modified « -LA Fig.8 Fluorescence spectra of the modified @ -LA.
), 4SSa-LA; (@), 38Sa-LA; Each sample was exited at 280nm

(A), 1-2SSa-LA; (D, 0—1SSa-LA
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M7 AT VEBNTUL, MBS NVBROBBICR T - HEREREND LV EBRABRIR, =V
BLOCDARY b A & » THBIA TR 2hwz, cocBbhiz1-25Sa-LA® 0-1SSa-
LAZSDTHEE RS, &8 L2 TVRECELLTW D EHEZRS.

a-LACRSTFRERIPICEICIZ S OFBET $ VBIFEL (Fry v, Z72=2075=v, PYT L7
V& 4ME), EORBTRIALOFBFRUBISFHIRCE LA TH1) FREBNHEOBKRIBRELS 55
TOBEAKWRECBTT AL & » THERESHAL, X Y- 27 3RERAKC Y7 1952 L8R T
2@ zrw, FVS LT vOMERBET B L L VB a-LADHBKRT §  BOEERROE(LEHAN
B T o B arLADMIEA 7 P ADRERER 8 WWiR Lz,

3SSa-LAZ4SSa-LAX b S EFHILREAHML, € — 7 BbTHREREMNCY 7+ L. ZRlES
BB LARD bRy (F1) OT, ZOUKARZ b ADOETOE LB ANEROET~DORH Tidis
, BLASFRBOETFOERVEHIGTHEDOTHHEZELLND.

1-2SSa-LARMERENAE AL, ¥/ RBLLEREMK Y 7 P LA, LEAR-T, 1-2SSa-
LATIEH FRBOBKNESENA R CRRCEE LTWHEELS, Lh LN, 0-1SSa-LAKK~S &%
ERBEIENDT, WS OrORKHEREARCEL TS EELLhA.

EOEOREELC X WFRFEEOBAUIETH I LB ICHAOR TR Y, HEIEABEDS FHEZEL
ERARBLDOSr—TE LTHWORD L5 4SSE 3SSa-LAOKEHERR U THS LE XD
hBDT, 3SSa-LAIRKT BHERGEE BV CHEM a -LADBAELISAR T - IR E R 9 TR L.

Absorbance at 492nm
‘| .
L
| 2

1 1 1 1 ) 1 !
2-¢ 2-5 2-4 2-3 2-2 27! 20

« -LA concentration (x50 ug/m!)

Fig.9 Inhibition of anti-3SS @-LA (1,710,000 dilution) by modified @ -LA according to the ELISA assay
(@), 4SSa-LA; (A), 1-2SSa-LA; (), 0-1SSa-LA
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4SS, 3SSa-LAVThOBAK B L% 5 pe/mlOWE THitk &R L (35S a-LADKRIZER L),
—7, 0-1SSa-LARMR ) OFRECK W CLHErTMed, ks ORBGRIZLECHELTWB EE L
bhn. 1-2SSa-LATIRI0Lg/nid EOBER B\ TREESOTGEHFRL, HFRECHABRES BN D
BEERL THIERRLE. KRR TILHY 7 o —r AHHFR ATV bld, BET B AME L IHE
HKEWD T, 48, T/ 7w —FAHEEECCEOMBORERTT S BELDS.

BAELISADRSRE L D, 3SSa-LARSFOREHE LN M »7it, 0-1SSa-LARS FHENKAE
ELLIcEELbhD, ¥/, 1-2SSa-LATRRAEMECTLNREOh L DOEFTOS L OMEYRIEL
TWBEELLIS.

BREOZE

RI10IC 4SS, 3SS#I LV 1-2SSa-LADKE « DpHIZ 313 HME LR Liz. 4SS8 LU 3SSa-LARV-TH
DOPHE T HEVEMRER R Lic. —%, 1-2SSa-LAiXpH4. 225 pH5 SOREICH T TREEE OE LUME
THARLRA, BIERLTWEL2, 0-1SSa-LAb 1-2SSa-LALIB LA LRI UHEBE % — v R L.

BOHOBMEREICERNE (¥— 247 vy v LV TREND) LREHAY (O FRECEH LBk H
BOXZJWWHY) Lo THRIh, BAEIECRE, - 2857 vy 2 A0 E e @b g SERENMEL
8B LEESH TP Fhe, YABBICO NS HFEBHERIGIC ST B-HEEDRMAR S h 5 & & 2
g:.ghml%(ls—zm

4SS, 3SSa-LADYAICIRECHARERIAFEE LTVt b€~ 2R F V¥ 4 253 ¥ v itie 5 pH
4.3TEDPHIE B\ THEWEIE LI LT A5, 1-2SSa-LATRAFEEOELI X v B-HEaaE s s
ML, e b OB OBEAKEFEARECE N T 2D pHASMFIER BV CHBENEZ LI ETTHEE L.

100}

%

50}

Soluble protein ;

Fig 10. Solubility profiles of the modified «~LA.
(©), 48Sa-LA; (@), 38Sa-LA;
(A), 1-2SSa-LA
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