CONFORMATIONAL ANALYSIS OF GLYCOPROTEINS

Part I. Conformation of the Protein Segment at the Site of Peptide-sugar Linkage
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ABSTRAZT

The prediction of the secondary structure ¢f zteut 55 Giycepioteirs which centain Asn
(CHO)-X-Ser/Thr, Asp (CHO)-X-Ser/Thr, Ser(CHO)-X-Y, erd Thi(CHO}-X-Y wes carried out
by using the mrethods of Chou ar.d Fasman. In most of the cases amino acid sequerce at the sjte
of sugar linkage assum.es a B-turn. The present analysis clso suggests that the natue cf the amino
acid residue X [Asn(CHO)-X-Ser/Thr, Asp(CHO)-X-Ser/TLr, Sei(CHO)-X-Y ard Thr(CHO)-
X-Y] plays a major rolein deciding whether all or part of the emrirco 2cid residues 1n these sequernces
are irvolved in the B-turn., In Aspartic acid lirked sugars, the triplet sequerce Asp(CHO)-
X-Ser/Thrisconserved [likein Asn{(CHO)-X-Ser/Thr] and bend begirs with Aspartic acid (though
such examples are very few), thus involving the complete triplet sequence in the formation of the
fg-turr. In proteins which contain Ser{ChO)-X-Y and Thi(CHO)-X-Y sequerces, the amino
acid residue preceding the above sequences is generally either Pro or Gly. These results are in
disagreement with the ¢ code sequence ’. Thr/Ser (CHO)-X-Y-Pro— proposed for the linkage of sugar

to Threonine or Serine from the earlier studies,

GLYCOPROTEINS belong to an important group of

biopolymers, which occur in connective tissves,
blood cells, serum, urine, saliva and other bedy fluids
and serve various biclogical functions. They consist of
essentially a protein backbone to which carbohydrates
are linked covalently. They dififer rnot only in the
relative proportions of types of sugar but also in the
number of side chains present. The frequercy of
occurrence of oligosaccharides along the peptide chain
also varies markedly from ore protein to arother,
Out of the twenty different amino acids, only L-aspara-
gine, L-serine , L-threonine, L-aspartic acid ate common
protein constituents which form covalent linkages
with carbohydrates. In glycoproteins wheie carbo-
ltydrate is linked to asparagine, a common sequerce
Asn{CHO)-X-Ser{Thr) has been observed. Such
sequences are also fourd in proteins which lack the
sugar, The inportance of occurrence of Set(Thr)
in the third position has been explained by Marshall
and Neuberger! who suggested a hydrogen bor.d bet-
ween the carbonyl group of the side chain of aspara-
gine and the hydroxyl group of hydroxy amiro acid,
to decrease the dissociation constant of the amide
group, thereby facilitating the attachmernt of sugar
to asparagine residue, However nothing is known
about the possible conformation of the protein chain
around the site of peptide-carbohydrate linkage ard
the nature of the amino acid residucs. Scch irforma-
tion may throw light on the stereochemical require-
ment at the site carbohydrate-protein linkages.

Method of Caleulation: Recently  Fasman ard
Chou®4, from the analysis of the 20 naturally occure
ring amino acids proposcd a set of parameters g, Ps.
P, and p, for prediction of proiein coformation based
o1 the frequecy of ozcurrence of amino acids in the

a-helical, B-sheet, coil and B-turn regions respectively
from the known protein structures, These parameters
have been used to assign the regions of e and 3, coil
and B-turn regions. The relative probability p, of
a tetrapeptide to form a B-turn was computed from the
frequency of occurrence of each residue at the Ist,
2nd, 3rd and 4th positions®. The cut off value of
B-tuin? was chosea as 1-6 X 101, In cases, where
the complete sequences are not known, as far as possible,
at Jeast three amino acid reSidues, on either side of
an amino acid to which sugar s attached were consi-
dered. The amino acid residues that are involved
in the B-turn are underlined by the solid line. The
average parameters (P;), (Pg) and (Pg) computed for
the tetrapeptide involved in the g-turn, fellowing the
procedure outlined by Fasman and Chou are also
shown in Tables I, 11, III and IV, These average values
are obtained by adding the individual P, Pg and Py
values of the residues 1n the tetrapeptide under consi-
deration and dividing by four, the number of residues
involved.

RESULTS AND DIiSCUSSION

The amino acid sequences around carbohydrate-
peptide linkages of several glycoproteins are displayed
in TablesI, IL, kLI and IV, It 1s scen from Table I that
mostly in glycopeptides with  GIcNAc-Asn  group,
the sequence is either Asn-X-Thr or Asn-X-Ser, IHows
ever very fow exceptions have also beent observed where
the third residue is not a hydroxy amune acid. Thus
indicates that exceptions to the suggestions of Marshall
and Neouberger do occur {though racely) where gheo-
sylation of the asparagine takes place without the pre-
sence of hydroxy amino acid, serine or threonne
the third place of the sequence Ast-N<Thr{dber), 1t
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TABLE |

(P I): (P ﬁ): (P u) and Py values of glycopeptides ar the site of sugar linkage 10 asparagine residue

Glycoprotein Amino acid sequence at the site of p, X104 (P  {Pg) (Pa)
sugar linkage
(1) (2) (3) (4) (3) (6)
E
Porcine Luteinising hormone— ~Arg-Yal-Glx-Asn-Ser-Thr-GIrn® 2-20 §1-27 0-G5 0-88
a-subunit .
Follicle stimulating hormone-g-sub-  -Leu-Thr-lje-Asn-Thr-Thr-Trp? 3-78 1-21 1:06 0-88
unit
g-hpotrophic hormone —Asp=Arg-—SereA*sn—A]a—Thr—Leu“ 2-98 1-34 0-77 0-82
Bovine Prothrombin ~Tyr-Arg-Gly-Asn—Val-Ser—Vals 2-57  1-28 0-9] 0-67
~Pro-Glu-lle-Asn-Ser—Thr-Thr 2:20  1-32 094  0-79
~Tr p—ASp—LYS~A;ﬂ—Phc-Th r—Val 1-95 1-07 0-87 0-98
Lamprey Fibrinopeptide ~-Ala-Thr-Asn-Asn-Ser-Asp-Pros  3-1 1443 081 0-77
- = 3-13 144 070 077
Dcoxy Ribonuclease A, B, C ~Lys- Met—Ser—Azn—Ala—Thr—]_euff 1-67 1-12 1-00 1-04
Stem Bromelain -—Gln-Ser—Asn—AEn—Glu—Ser_-Set’* 2-10 1-32 0-95 G- 57
Transferrin ~Leu—IIc—His—£sn—Ar g-Thr-Gly® 2-89 1-30 0-72 089
Haptoglobin f-chain (human) ﬁHisnGIE—A;n-Asn—Ser—Thr—Alaﬁ 3-66 1-2] 0-81 0-97
' 2-47 1-43 0-81 0-77
*
Bovine Thrombin B chain -Phe—L}*S-ASHLPrmThr—Vq}ﬁ 1-68 1-12 1-03 0-82
*
Porcine Pancreatic Lipases L, and Lg ~Thr-Asn-Gly-Thr-1le-° 2-34 §1-34  0-97 0-73
Human and Porcine Ceruloplasmin -Ala—lle—Tyr—AEn—ASp-—Thr—Thr"’ 2-25 1-28 Q-99 Q-79
Phosvitin _Ser—Asn-Ser-Gly"? 3.28 151 073 071
Phospholipase A* (honey bee) -4'3ly-—-His.-—GI3L—.A§I’Er1--1,:',ws—S«:—::r—Sielr““i 513 1-21 0-73 0- 89
- ’ 3-16 1-36 0-71 085

* denote the site of attachment of sugar residue to the amino acid.

. F

% denote the site of sugar linkage is not certain,

b

numbers on the top of the amino acid sequence denote the references.

? the amino acids that are involved in a S-turn are underlined,

is also interesting to note (Table IV) that in general the
third aminoe acid residue is also a hydroxy aming acid,
in aspartic acid Jinked carbohydrate moiéeties [Asp
On the other hand that in Ser
(CHO)-X-Y, Thr(CHO)-X-Y, Y need not necessarily
be a hydroxy amino acid (Tables Il and III),

(CHO)-X-Ser/Thr].

The p, values of the amino acid sequences (Tables
1-IV) at the site of sugar linkage are mostly higher than
1-6 X 10~ and the average value of (P,} is higher than
(Pg) and (Pg) suggesting that the peptide chain at the
site of sugar linkage assumes a S-turn whether the sugar
i linked to Asn, Thr, Ser or Asp. Similar results have
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Glycoprotein Amino acid sequence at the site  p, X 100 (P,) (Pg) (Pq)
of sugar Iinkage
: . %
Human Chorionic Gonadotropin-  =S¢r-Ser~Ser-Ser-Lys-Alz-Prot 3:16 1-34 0-73 0-86
g-subumt
*

—Pro-Pro-Pro-Ser-Leu-FPre-Ser 4-16 1-18 0-80  0-83
—PmuSier—Pro—SEr-Ar g~Lev-Fio 53-83 13t 074 074
~Pro-Gly-Pro-Ser-Asp-Thr-Pro 379 1433 084 080
Hinge region of IgA; Myeloma —Pm-—Th;—Pro—Sgr-—Pm-Ser._ThI3u 3.14 1-33 0-79 0-70

Protein (Pat, Ose) ] .
Carbohydrate units of IgA, "PI'Q“T_hE—PIG—S;r-Pr(]—~SEI—ThI— 3414 3133 079 070
Immunoe-globulin T - 6-45 1:36 0-82 0-75
~Pro-Thr-Pro-Ser—Pro 3.14  1-33 079  0-70

.
Fetuin Glycopeptides ~Gly-Pro-Ser—Pro-Thr-Ala™ 3-59 1443 069 063
2+12 1418 0-88 0:-%1
L ;
-Gly-Ser-Th r-Pro-Gly 127 1-38 0-84 068
3
Disease Protein ZUC ~Pro-Gly-Gly-Ser-Ser-Glu-Pro3?2 4-91 1-48 0- 74 0-61
*
Bovine submaxillary Mucin ~Ser-Thr-Gly_Ser > 550 1-41  0-86  0-73
*

a-amylase ~Ser-Glu-Asp-Gly™ 2:38  1:28  0°96 065

* denote the site of attachment of sugar residue to the amino acid.
® hnumbers on the top of the amino acid sequence derote the references.
% the amino acids that are involved in a B-turp aie underliced.

also been obtained in other sequences coniaining Asn-
sugar linkage, f.e., Thr-Val-Asn(CHOQO)-Thr (p; =

1:65 X 1074%; (Py) = 1-07, (Pg) = 114, (P,) = 0-88);
and Pm~Lys-Asn(CHO)-Ile (p; = 2:72 x 10~%; (P})
== 1-11, (Pg) = 0-90 and (P,) == 0-85) in hormones?,
Ser- Arg~Asn(CHO)-Leu (p, = 3:68 X 10™%; (P,)
= 1-13, (Pg) = 0-87, (Pg) =0:91) and ‘Arg-Arg-
Asn(CHO)-Met (ps = 169 X 10™¢; (P,) = 1-04,
(Pg) = 1-03, (Py) = 0-88) in Ribonucleases® 1i-16  Asn
(CHO) GIn-Thr-Gly (pp = 2+32 X 10%;  (Py) == 129,
(Pg) == 0-97,{Pg) == 0-81) in human Lacto-transferrin®,
Ser-—Asn(CHO)-Tyr Ser  (p, = 2-31 x 107¢; (P) ==
1:39, {Pg) = 0:85,(Pg) == 0-73) in Taka Amylabc A®,
ASn(CHO)—LYS Ser-Asp (pg == 1:90 x 1074); (P;) =~

1:33,  (Pg) =073, (Pg)=0-89) in  human
';erﬂtransferrml , Pro-Ser-Asn (CHO)-Ser {p, =: 579

Curr Sci—2a

X 10745 (P =146, (Pg) =068, (Pg) =0-73) in
Gu:nea pig B R:bonuclease“ Ser-Sfr—Asn(CHO)-
Ser (py = 3-98 X 1074; {P,) = 1-49, {Pg) = 0-70,(Pq)
= 0-78); and Gln-Ser-Asn(CHO)-Ser (pg=316 X
1074; (Py) = 1-35, (Pg) = 0-83, (Pg) == 0-87)in por-
cire  Ribonuclease!s, Ser-Ser-Asn(CHO)-Pro (p; =

3-84 X 1074; (P} = 1:46, (Pg) = 0-68, (Pa) == 0-73)
in  horse Ribonucleaseld, Ma.,t Asn(CHO)—GIY-Thr
(pr = 1:94 X 107¢4;  (P,) == 1:24, (Pg) == 108, (Py)
= ()-82) Iin BQVIHL Visual Pigment 500Y, Gly-Glu-
Asn(CLIOY-Arg (py =159 X 10-4; (P,) = 119, (Pg)
= (0:90, (Pg) ==0- 66) in l"ibrum[:.un‘” Asn(CHO)-
Arg-The-Gly (p; -~ 289 % 16~ () - 1-30, {Pg) =
0-72, (Py) - 0 89) in hen ﬂvu[mmﬁ.mn““, :}tl' Asn
(CHLO)-Gly-Ser (py -= 3-93 w 1074 (P) = 154, (P3)
=071, (Pg) = 0:73); Asn(CI[UJ-Asp-Ser-Arb (£4
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TasLe 111

(P). (P g} (Pq) and p, values of glycopeptides at the site of sugar linkage to Threonine residiie

Glycoprotein Amino acid sequence at the site of p; X104 (P,) (Pﬁ) (Pg)
sugar linkage _
]
Rabbit Immunoglobulin Go.° ~Ser-Lys-Pro-Thr-Cys—Pro-Pro™ 1-83 1:20 0-54 0-69
Phospholipase A (honey bee)? ~Tyr—Pr0;GIH-;f th:Leu—Trp—Cys“ 7-0§ 1:27 0-83 0-49
LCow y4 Casein® —Pro-Thr-Thr-Thr-Pro-Thr-Thr-3 1-83 1-19 1-06 0-76
) 284 1-19 1-06 0-76
--Pro_:-S;r—-Ser—Ser—Pm 3-49 1-44 0-70 0-74
. * x *
Sheep y4 Casein® ~His-Ser-Thr-Pro-Thr-Thr—Glu- 2. 84 1-19 1-06 Q076
~Afa-Val®*?
*
Alanine Apolipoprotein (apoC-111) -VYal-Arg-Pro-Thr~Ser-Ala-Val®® 2-10 123 086  0-75
*
Encephalitogenic Al protein ~Thr-Pro—-Arg-Thr-Pro-Pro-Pro® 2:54 114 098 0-76
* denote the site of attachment of sugar residue to the amino acid.
? denote the site of sugar linkage is not certain,
® numbers on the top of the amino acid sequence denote the references.
? the amuno acids that are involved in a f-turn are underlined,
TaBLE IV
(P:}, {Pp)s (Po) and p; values of g!ycape;::ndes at the site of sugar linkage to aspartic acid
Glycoprotein Amino ac;d sequence at the site of p, X 10¢ (P,) (Pﬁ) (Pg)
sugar linkage
¥
F, region of Rabbit heavy chain®®  ~GIn-Gln-Phe-Asp-Ser—Thr-lle*° 1-92  1-14 1-05  0-90
*
1gG heavy chain (man baboon, ~GIx-Glx—Phe-Asp-Ser-Thr-Tyr#! 2.98  1-26° 100 0-80
monkey, cow, pig, dog and cat) .
-Gly—Glx—-Phe—%;s p-Ser-Thr-lle 1-92 1-14 1-08 0-90
-
"Thrombin B chain (bovine) —Phe-Lys-Asp—Pro-Thr-Val® 2-01 1-08 1-07 0-88
Protein CRA v, —Asp—Ile—Phe—;sp-Asp—Arg—Thr*"- 1-91 1-20 0-89 0-63

el

L -

* denote site of attachment of sugar residue to the amino acid.
' numbers on the top of the amino acid sequence denote the references.
° the amino acids that are involved in a B-turn are underlined,

= 2:57 X 107%; (P;) = 1-34,(Pg) = 0- 77, (P.) = 0-82),
and Asn{(CHO)-Asp-Ser-Cys (p, =2-35 X 107%; (Py)
= 1-34, (Pg) = 0-82, {P,) = 0-87) in Fetuin glycopep-
tides®i, Gly Pro-Asn(CHO)-GIn  (p, = 8-49 X 107%;
(P} =1-34, (Pg) =083, (Pg)=0'76) in human
parotid Glycopmtem“ Ser-Pro-Asn(CHO)-Ala (p,
=5:58 x 10~4; (P,) =128, (Pg) =074, (P,) =
0-89); Asn(CHO)-Thr-Thr-Tyr (p;, =244 x 1074,

(Pe) =1:22, (Pg) = 1-09, (P,) =0-75), Asn(CHO)-
Arg-Ser-Ser (p, = 3-83 x 107%; (P} = 1:36, (Pg) =
0-78, (Pg) =0-78), Asn{CHO)-Ser-Thr-Gin (p; =

2:20 X 1074 (P;) =1-27, (Pg) = 0-95, (Pg) = 0-88),
Ast{CHO)-Thr-Thr-Ser (p; = 2-55 x 10%; (P,) =
1-32, (Pg) =0-94 (P,) =0-79) and Tyr-Asn(CHO)-
Asn-Ser (py = 3+45 X 104; (P} = 1:43, (Pg) = 0-83,
(P,) =0-72) in Horse radish Peromdase” Asp-Arg-



Vol. 46, No. 12
June 20, 1977

Ser Asi(CHO) (p; = 2:98 X 107%; (P,) = 1-34, (Pp)
= 077 {Pg) = 0-82) in Posterior Pituitary (Pig) Glyco-
peptides®, Thr-Pro-Asn(CHO)-Lys (p, = 7-10 X 1073,
(P,) =1-24, (Pg) =(Pg) =0-80); Asn(CHO)-Ser-
Ser-Tyr (p, = 3:96 x 10-4; (P, = 1-39, (Pg3) = 0-85,
(P,) =0-73) in a1 acid glycoprotein®®; Gly-Ser-Asn
(CHO)-Met (p; = 3-34 x 10~4; (P,) =1-32, (Pg) =
0-96 (P} = 0-81)in Egg White Avidin®’; Asn(CHO)-
Lys-Thr-Ser (py =1-99 x 1074; (P;) = 1-27, (Pg) =
083, (Pg) = 0-85) in y chain of human fibrinogen®®
and Asn(CHO)-Thr-Gly-Val (p, = 1-94 x 10~%; (P,)
=1-17, (Pﬁ) = 1-08, (Pﬂ) = 0-81) in Mucor Micher
Protease?®, When this manuscript was completed
Aubert ef al#3 (1976) from similar analysis of 21 glyco-
proteins pointed out that 19 out of 28 asparagine-sugar
linkages and all the 9 Ser/Thr-sugar linkages assume
B-turrs, On the other hand the present study based
on similar analysis of about 55 glycoproteins predicts
that 59 out of 61 asparagine-sugar linkages and all
the 21 Ser/Thr-sugar linkages are involved 1p g-turns,
thus showing some discrepancy about the conformation
of the protein segmentaround the Asn-sugar [inkages.
This may be due to the fact that the Aubert
et al® (1976) have used original values of Chou
and Fasman?:3 for predicting the S-turrs, wherezs
in the present study the revised values cf
Chou and Fasman? have been made use of., The
2 exceptior.s in the case of Asn-sugar hinkages may be
in the disordered cor B-sheet regions., The attachmrent
of carbchydrate to protein is known to be post-ribe-
somal* and the sugar linkage is on the surface of the
slycoproteins?-47, It may be considered that the bend
may facilitate the exposure cof the side chain of the
amino acid for the enzyme to mediate glycosilation,

The amino acid residues cccurring in the region
around the sugar linkage may be broadly classified into
g-turn premcters whese P, > 1-0 and roen-g-turn
prometers whese Py << 140, In the sequerce Asn-X-
Ser/Thr, if X is a B-turn promoter such as Gly, Asn,
Ser, Pro, and Asp, the triplet has ercugh potential
to form a B-turn, for three of the four residues required
to form a f-turn, are g-turn promoters. On the cther
hand, if X is a non-B-turn promoter residue, the fellow-
ing residue after the triplet sequerce Asn-X-Ser/Thr
or the two cr one cf the two preceding residues of this
triplet should be -turn promoters, to satisfy the cordi-
tion that at least three out of four residues sheuld be
B-turn premoters? in order to form a bend, It scems
that if Xis not a B-turn promoter (Ala, Leu, Val, Gln,
elc.) the nature cf the preceding or following residues
to the sequerce Asn-X-Ser (Thr) also appear to be
limportant to facilitate the attechment of sugar to the
protein chain. Itisinteresting {o note thatin sequerces
Asn-X-Sei(Thi) where X is not a fS-turn premoter
(Ala, Leu, Lys, etc.) depending upen the natuie of the
131d omceding residues, the hydroxy amino acid Ser or
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Thr in the above sequence may or may r.ot be involved
in the formation of a f-turn. It is also interesting to
note that in proteins which contain Ser(CHO)-X-Y
and Thr(CHO)-X-Y sequcnces (Tables I ang 1L
the amino acid residue preceding the above sequences
in the protein is generally either pro or gly (the 8-
turn promoters). Table IV shows (though the examples
are few) that in Asp linked carbohydrates, the 8-turn
always begins with Asp and all the amino acids in the
triplet sequence Asp(CHO)-X-Thr/Ser are involved
in the B-turn.

Ser/Thr(CHO)-X-Y-Pro was suggested earlier as
‘code sequence’®® similar to Asn(CHO)-X-Ser/Thr
for glycopeptides containing the N-glucosamine linke
age. Tables II and Il indicate that in the above sequence
Ser/Thr(CHO)X-Y~-Z, Z need not necessarily be a pro
in disagreement with the earlier suggestions,

ACKNOWLEDGEMENTS

The authors thank Prof., G. N. Ramachandran for
his interest, One of us (M. N.) thanks the University
Grants Commission, India, for the award of a Junjor
Research  Fellowship. This woik was partially
supported by Departrrent of Scierce and Technelogy,
New Delhi.

1. Marshall, R. D., Annir. Rev. Biochem., 1972,

41, 673.
2. Chov, Y. P, and Fasman, G. D., Biochemistry,
1974, 13, 211.

3. — and —, Ibid., 1974, 13, 222,
4_ — aﬂd R J. ﬂ’fﬂf. .Bf‘ﬂ[-: 1975: 96: 291
5. Hand Book of Biochemistry and Molecular Biology,

Vois. I and IIT (ed. Fasman, G. D.), CRC
Press, Cleveland, 1575,

6. Thomas, H. Plumrmer Jr. and Louis Sarda, J.
Biol. Chem., 1573, 24F, 78685.

7. Rydess, L. and Baker, D., Euwr. J. Biochem.,
1974, 44, 171,

8. Spik, G., Vandersyppe, R., Monrtreuil, J. Tetaert,
D. and Hass, K. K., FEBS Letters, 1574, 38,

213,

9. Isemura, S. and lkenaka, T., J, Biochem., 1973,
74, 1,

10, Charet, P., Tetaert, D., Hass, K. K. and

Montreutl J.. C.R. Hebd, Seances Acad. Sci.
Paris, Ser. D., 1973, 276, 1629,
11, Vanden Berg, A. and Bcintema, J. J,,
1975, 253, 207.
12. Wim Gaastra, Gerda Green, Glalt W, Welling
and Beintema, ), J., FEBS Letiers, 1974, 41,
227,
13. Gita Lejjenaar-Yan den Beig and Beinten a, J. J.,
1bid., 1975, 86, 101,
Jackson, R, L. and Mns, C. 1. W, J. Bil,
Chem,, 1970, 245, 637.

Nature,

14,



4090

15, Henh Zwaicrs, Albert, J. Scheffer and Beintema,
3. 1., Eur, J. Biochen., 1973, 36, 569.

16, Welling, G. W., Groen, G., Gabel, D., Gaastra,
W. and Beintema, }. J., FEBS Letters, 1974,
40 134,

17. Shairkin Ruth ard Gertrude E. Perlmann, J,
Biwol. Chem., 1971, 246, 2278.

I3. Joram Heller ard Mariare, A. Lawrence, Bio-
chemisery, 1970, 9, 8§64,

9. DMester, 1., Moczar, E. and Szabados, L. C. R.»
Hebd, Seances Acad. Sci. (Paris), 1268, 64,
633,

Barry Kingston, I. and John Williams, Biochent.
J., 1975, 147, 463,

Begbie, R., Biockem. Biophys. Acra, 1974, 371,
549,

Pierre Degand, Arnold Boessma, Philippe Roussel,
Colotte Richet and Gerard Biserte, FEBS
Letters, 1975, 54, 189,

Welinder, K. G. and Smillie, Can. J. Biochem,,
1972, 50, 63.

Holwerda, D. A., Ewr. J. Biochem., 1972, 28,
340,

Shipoline, R. A., Callewaert, G. L., Cottrell,
R. €, and Vernon, C. A., FEBS Letters,
1971, 17, 39,

Karl Schmid, Hugo Kaufmann, Satako Isemura,
Frantine Bauer, Jurg: Emura, Toshiko Moto-
yama, Masatsune Ishiguro and Shigeru Nanno,
Biochemistry, 1973, 12, 2711.

Delange, R. J, and Tung-Shiuh Huang, J. Biol.
Chem., 1971, 246, 698,

Sadaaki Iwanaga, Birger Blomback, Nils, J.
Grondahl, Birgit Hessel and Per Wallen,
Biochim. Biophys. Acta, 1968, 160, 280.

Rickert, W. S. and Mcbride~-Warren, P. A,
1bid., 1574, 336, 437,

Frangione Blas and Carlota Wolfenstein-Todel,
Proc. Natl. Acad. Sci, U.5.4., 1972, 69, 3673.

23,

24,

23.

27.

28.

29.

30.

Conformational Analysis of Glycoproteins—I

Current
Science

31. Jacques Baenziger and Stuart Kornfield, J. Biol,

Chem,, 1974, 249, 7270.

32. Frangicne, B. and Miistein, C., Nature, 1969,
224, 597,

Tsuneo QOzeki and Zersaku Yosizawa,
Biachem. Biophys., 1971, 142, 177,

Tsugita, A. and Akabori, B., J. Biochemistry
(Tokyo), 1959, 46, 695,

Fanger, M. W. and Smyth, D. (., Biochem,
J., 1972, 127, 767.

Jolles, J., Schentgen, ¥., Alais, C., Fiat, A. M,
and Jolles, P., Helv. Chim, Acta, 1972, 55,
2872,

37. Jacqueline Jolles, Anne-Marie Fiat, Franccise
Schoentgen, Charles Alais and Pierre Jolles,
Biochem, Biophys. Acta, 1974, 365, 335,

38. Bryan Brewar, H. Jr., Richard Shuviman, Peter
Herbert, Rosemary Ronan and Katherine
Wehrly, J. Biol. Chem., 1974, 249, 4975.

Hagopian, A., Whitehead, J. S. and Westall,
F. C., Fed. Proc., 197}, 30, 1186,

Robert, L. Hill, Robert Declaney, Robert, E.
Fellows Jr. and Harcld E. Lebovitz, Proc.
Natl., Acad. Sci. U.S5.A., 1966, 56, 1762.

41. Howell, J. W., Hood, L. and Sanders, J. Mol
Biol., 1967, 30, 555.

Sheldon M, Cooper, Edward C. Franklin angd
Blas Frangione, Science, 1972, 176, 187,

Jean Pierre Aubert, Gerard Biserte and Marie
H. Loucheux Lefebvre, Arch. Biochem. Bio-
phys., 1976, 173, 410,

Spiro, R. G., New Engl. J. Med., 1969, 281,
991, 1043,

Hunt, L. T. and Dayhoff, M. O., Biochim,
Biophys. Res. Commun., 1970, 39, 757.

Dickerson, R. E. and Geis, 1., The Structure
and Action of Proteins, Harper and Row, New
York, 1969, p. 19,

Shotton, D, M. and Hartley, B. S., Nature,
1970, 225, 802,

33, Airch,

34,
35,

36,

39.

40,

42,

43,

44,
45,

46.

47,

FIRST ALL INDIA SYMPOSIUM ON METABOLISM AND DISPOSITION OF XENOBIOTICS

The First All India Symposium on Metabolism
and Disposition of Xenobiotics, will be held at
Marathwada University, Aurangabad 431002, during
22-44 November 1977. Papers are invited n
all aspects of studies in Biological systems related
1o the metabolism and disposiiion of exogenous
chemicals, toxins, chemotherapeutic agents, car¢ino-

gens, herbicides, pesticides, etc, Abstracts of
200 words or less are due by July 31, 1977 and
manuscripts by August 31, 1977.

For details contact : Prof. S. §. Pawar, Bio-
chemustry Division, Chemistry Department, Marath-
wada University, Aurangabad 431002.




