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ABSTRACT 

The site of substltutlon of the peripheral branches on the core mannose-residues 
m the complex-type carbohydrate umts of glycoprotems has been studled by Smith 

degradation By usmg glycopeptldes of known structure, It IS shown that the site 

of attachment of the (i-+4)-hnked, third branch to the mannose core In tn- and 
tetra-antennary structures may be convemently demonstrated by this techmque 
A crItIca factor was found to be the concentration of acid used for cleavage of the 

penodate-oxldlzed product This findmg could explam dlscrepa&les concernmg the 
previously pubhshed structures of fetum glycopeptldes The technique was apphed 
for study of the branchmg pattern m human transferrm, porcme thyroglobulm, and 

rat plasma and bram glycoprotems The results support the concept that, m glyco- 
protems from most sources, the third (144)~lmked branch IS attached to the (l-3)- 

lmked mannose residue of the core portlon m the complex-type structures An In- 
dlcatlon for a novel type of branchmg pattern m human transferrm was, however, 
also obtamed_ 

INTRODUCTION 

The complex-type carbohydrate umts of glycoprotems are composed of a 
D-mannose-2-acetamlao-2-deoxy-D-glucose core, to which two, three, or four pen- 
pheral branches or “antennas” are attached’ ’ Whilst slmllar blantennary structures 

have been described from several sources’ ‘, there has been disagreement as to the 

structure of the more branched tn- and tetra-antennary structures The disagreement 

concerns the branchmg pattern, that IS, the site of attachment of third and fourth 
branch In cc,-acid glycoprotem3, urmary ohgosacchandes” 5 and ovotransferrm6, 
the third branch has been reported to be bound to the outer mannose (I -+3)-linked 
to the Internal mannose residue, whereas m VSV glycoproteln’ It \\as reported to be 

bound to the (I-&)-lmked mannose resrdue Both of these two alternatIves have been 

suggested for fetum’ 9 
We have used Smith degradation to study the branchmg In such carbohydrate 

units, as the branchmg pattern can be readily concluded from the products by usmg 
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methylatron anaiysrs A drfficuity awes, ho\\ever, m the unexpected acrd-resrstance 
of the perlodate-oxldlzed product, which has led to dlscrepancles concermng the 

structure of fetum glycopeptldes 8V9 We found that this d13kulty can be overcome by 

opinnrzmg the condmons of the mlid acid-hydrolysis step Usmg this techmque we 
hwe anaijzed a number of giycoprotems The results lndlcate that there IS a common 
preferentrai branchrng Pattern IS the trt- and tetra-antennary structures of giyco- 
procerns from several sources sugestm g srmriar common pathways of brosynthesrs 

E\Pthl\IEVTAL 

~vfltel IfClJ - Feturn (Type IV), transferrm ovaibumm (Grade V), porcmc 
thyroglobuim (Type II). pronase (protease Type VI) and a mrxture of O-(N-acetyi- 

neuramrnyl)-(Z-+3)-lactose and 0-(,A’-acetylneurammyl)-(Z-+6)-lactose were ob- 

tamed from Srgma Chenucai Company g,-Acrd giycoprotem was d generous grft 
from Dr_ G MylIyla of the Fmmsh Red Cross Blood Transfusion Serwce, Helsmhr 
0-(N-Acetylneurammyl)-Q-+6)-lactose and lacto-IV-fucopentaose 1 \\ere kIndry 
supphed by Dr A Gauhe, HetdeiberS [3H]Acet~c anhydnde (500 mCrjmmoi) was 
purchased from the Radrochemrcai Centre. Con A-Sepharosc from Phat-mama FIIX 
Chcmrcals and l’lhi IO cholcf rre ncuramundase (500 U/mL) from Calbrochem 

PI eppm atlot of gll copeptld~~~ - Gipcopeptrdcs were prepared from giyco- 
protems (200 mg each) by evtensrve dIgestron wth pronase’” VI-Acid giycoprotern 

was treated wth 1’rb1 IO c/relet rre neuranmndase’ ’ plror to protease drgcstron to m- 
crease Its susceptrbrhty to proteoiytrc treatment” The giycopcptrdes produced were 
purrfied by gel filtratron on Sephadex G-25 Fmer3 and N-[3H]acetyIated III their 

peptlde moiety wth [3H]acetlc anhydnde’ ’ 

Trr- and tetra-antennary glyccpeptrdes were separaied from brantennary 
cornpIe\-type and hrgh-mannose-type structures by afhmty chromatography on 
concanav&n A-Sepharose as descr rbed prevrously’~ ” Giycopeptrdes fr 0-1 feturn, 
rat bram, and rat plasma. whrch were not bound to concanavairn A were subjected to 
nnld aihaime-borohydnde tredtment to hberate the 0-_eiycosyirc oigosatcharrdeslh 

The alkah-stable N-giycosyl~c giycopeptrdcs were separated from the reiensed O- 
glycostdrc ohgosdccharrdes by gel filtratron on Sephadex G-50 as descrrbed prevrously ’ ’ 

The trr- and tetra-antennary giycopeptrdes from g,-acrd giycoprotcrn v erc 
separated by gel fiitratron on Sephddex G-50 kFrne The column (3 c&n x 75 cm) was 
eiuted wth 0 1x1 pyrrdme-acetrc acrd buffer (pH 5 O)_ Fractrons of 3 5 mL were 
collected and counted for radroactrvrty The glycopeptrde peak was pooled In five 

parts The earhest eiutmg pool, contamm g the tetra-antennary giycans (as mdrclted 
by ntethyiatron analysrs) was used for Smrth degradation 

Plasma of adult Aibmo Wrstar rats \vas prepared as descrrbed prevrousiy ’ 
Plasma and whole brams were deiIprddted’3 I8 and the hprd-free resrdue was SLIbJCCted 

to cxtenswe drgestron by pronase” After the dIgestron, the giycosammogiycans were 
precrprtated wth cetylpyrrdmlum chlorrde13 and the glycopepttdes purrfied by gel 
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filtratlonL3 The purified glycopeptldes ~\crc N-[3H].lwtyl lted and fractionated cls 
already described 

sinltll aegi nthlOIl - Glycop2ptldes (0 7-l 0 ,~moI total su_rars) were oxldlzcd 
with 0 OSu sodium metaperlodate in 2 mL of 0 Ok wdlum acctatc bukr (pH 4 A) 

for 3 days at 4” in the dark The excess of perlodatc was decomposed wth 35 ILL of 
ethylene glycol The solution was brought to p,H 7 \11th 11 sodrum hydro\Ide ,md the 
owdlzed sugars were immediately reduced with 0 5 mL of ~1 sodlu-n borohydndz 1.01 
3 h at 20’ Borohydrtde was decomposed by addttlon of acctlc acid to pH 5 and the 

glycopeotldes were purified by gel filtr&ion on Sep’ladex G-25 Fine The coiumn 
(2 x 45 cm) was eluted wth lOm31 pyrldlnc-ncettc acid bulkr (pH 5 0) Fractlonq 
of 5 5 mL were cell-cted and allqaots cotrnkd for ~adloactlwty Fractions colltrumng 

the glycopeptldes were pooled and lyoph~l~zed After ~ulyopl~~ilzat~o~~ from 2 mt ot 

water the glycopeptlde? were hydrolyzed In 2 mL of0 IM nyd~o~hlo~~c acid for I h 

at SO” 
l~fc~rll_~ i~~tron mltt~l $I\ - GI>cop-_nttdec WCIC methyl&cd by the method OF 

Hal.0111~1 II ' AddItIonal s imolcs were &o methylated oy using .L mcthyl,~t~on reagent 

ruble from pot,tshlutil tP/ t-butoxldc in order to ~C~IC~W the e\tenE of 1ntelk111lg 
noncarbohydl _tte peak” The nzthylatcd &copeptld,\ aw-: degr,tclcd by acet,,l) US 
and acid hydroly&’ The samples were tie&cd wth i) 5 mL of %I wlfunc .LCI~ 111 

95 ;/; acetlc acid for 16 h ‘It SO” The mlxtule wd\ then ni~xcd wth &i equJ volume of 

writer and heated for ‘i-~ addltloli 11 5 it at SO” 
Partially r-ethylnted al&to1 acct ltes were analyzed b,f g 141qtId chrom.tto- 

graphy alld mnzs soectro net1 _q Aldltol .rcctate~ of neutr,rl \:+u-\ (except mono- 
methylatzd heuose5) \. _ rpre chroI~~nto~rao~~~d on 1 “4, 3V-325 or 3 ‘J{, O’v’-310 at 1 SO or 

I90”, atld MI respondtng denvatlvcs of Cl nlno wgars on 2 2”,: 0 v’-101 ‘lt 205’ 
1Monome:hytnted hc\oses vere dttermlned on 1 :‘:I OV-215 at 200” L)ctection W‘LS 
performed by tot ~1 mnlzdtlon current and by mass fr+~~c~tog,lphy at W/X v~~luc\ 
161. IS9, .rqd 233 ror ntutlcLI sug>rsdw 15s for ,im1nosug Lrs,=,de,crrbcJ prevIou\tyL7 
Resnonse TTctols foi vrwoLls ct~Zc1~ntl~~lly sub\tltuted sugcu--r~~rcluc\ 1~1 In,w,-fr,lg- 
sentographlc deLxtlon at dlrf,-lent I,Z/T val~~cs welt \ bt.unccl lr 3111 I A;a+xc_ &co- 

peptide met o~~g~s,~cchand~~ fliLvlnZ ‘7 kno\\ $1 \tr_lctrLrr-‘s i ‘e blantctl*l u-y StyLan ti om 
tr,tnsferrin” fet:ll? - ” t’i: tetld.mtenn liv ~I\c.ui ficjm r/,- ~cicl glJc~~prottln3 3-(N- _ =- 
acet~~tneura~n~nyl)-(2~~~-:actose 0-(1\~-~tcetylneur,~1~~rnyl)-(Z-t6)-l,~~.c>sc and Ltcto- 

Y-fuco;entaose i Aa no hor~ogencou~ reftlcncc conipou.~d co ;Lunlng 3 4 6-trr-O- 
substituted w&LI:nosc ~‘1s .rw,uIablc, till\ sugar dct-I\.:tlve W~LS qu,lntlt,lted by tot,tl 
1omzat1on c: rrent 

Retention tlmcs of nartlally meth~iated .tidltol .tcct_rt_\ WCI~ wmparcd with 
thaw o5tamzd flom referent-_ oIigosacchar&r nnd $ycop,ptKics <LIld wth \,liLlC\ 

reporkd prewouslyZ3 The mcthgl substlturlon-p_ttte: 115 \\ w-e conill wed by ma\+ 
spec:raI anaIyslsZ3 ‘- ?.<?hs spectra were recorded wth ‘1 V<tr~cln MAT Ck1-7 m.~\\ 
spectrometer equipped wtI SpectroSystem 100 MS dat,l-proce\slng \y\tcqL The 

lomzatlon potentIn wds 70 eV ‘md t!Te lonlz;ttion current 300 /iA An Altcma AL 5 
multiple-Ion detector WAS L&set1 fol miss fra_9mel’ltograpltlc dekction 
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RESULTS 4ND DISCUSSION 

Deternzmatron of the bt anchng pattern b>l Smith degi adatron and methylatlon 

analysrs - In the structures proposed for fetum and other glycoprotems, a drs- 
agreement concerns the site of attachment of the third peripheral branch or “an- 

tennaee3- 9 As shown In FI g 1. It IS possrble to dtfferentrate between these two alterna- 

tives by using Smith degadatlon followed by methylatlon analysis of the product 
In structure A, the 3,6-disubstrtuted mannose wrll be converted to a 3-monosubstrtuted 
residue, whereas structure B would give rise to a 6-monosubstrtuted mannose residue 
As the 2-acetamido-2-deoxy-D-glucose residues m this type of glycopeptrdes IS usually 
periodate-resIstant_ the 2,4_disubstrtuted mannose residue remams unchanged 

The approach IS also suitable for analysis of the site of attachment of the 

(l-4)-linked third branch m tetraantennary structures In such glycans, the fourth 

branch IS bound by a (l-+6)-lmkage to the 2-O-substituted mannose resrdue As the 
2,6-dr-O-substituted mannose IS perrodate-labile, a srmrlar change u-r the substrtutron 
pattern of the Internal, 3,6-dr-G-substrtuted mannose residue should be seen after 
Smith degradatron, as m the case for the trrantennary carbohydrate units 

The method was tested by using glycopeptrdes of hnown structure As shown 

m Table I for the tetraantennary glycan of q-acid glycoprotem, the results of methyla- 
non analysrs after Smrth degradatron are, as expected3, consistent wrth structure 
A u-r Frg 1 

As a further control of the experimental procedure, ovalbumm glycopeptrde 
were analyzed The “high-mannose’ and “hybrid” type carbohydrate units of oval- 

bumm contam a perrodate-stable mannose residue bound (l-+6) to the mternai 

mannose” ” Fig 2 shows the results of Smrth degradation of total ovalbumm 
glycopeptrdes Taking mto account the response factors, the ratio of the 6-U-sub- 
strtuted mannose to that of the 3,6-dr-O-substituted mannose was found to be 6 l_ 
whrch IS m good agreement wrth the expected value of -4 1 as calculated from the 

Ftg 1 TNO altematwe posslbdmes for the branchmg pattern m tnantennar) glycans and the 
products expected after one cycle of Smith degradatron 
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RETENTION TIME (mtn) 

Fig 2 Mass fragmenrograms of parnaIl> methylated aldttol acetates obtained from total ovalbumm 
gl>copeptrdes Upper waccs (A and B), untreated &zopepudcs, lower traces (C and D) Smith 
degrawd glycopepudes Peak 1, 3 4 6-trl-0-merhylmann~ro1, peal, 2, 2 3,4-trl-0-merhyImanmtol_ 
p,ah 3 _ 2 6-dl-0-methylmanmtol, peal. 4,X -I-&O-methylmanmtol, peah 5,3,4-dl-0-methylmanmtol, 
peah 6,2 ? 6-n-l-0-methb ImanmtoI. and peah 7 2,3,6-trl-0-methl Imanmtol Condltlons 3% OV-110_ 
190’ dcrecnon bq mass fragmentographx (A and C) nr/z lS9, (B and D) nzk 233 

relarlve proportions of the ox albumm glycopepttdes and their known structure? ” 

Tks result Indicates that If d perIodate-stable sugar residue IS (l-+6)-hnked to the 

intern‘11 mannose (structure B) It 1s detected by the method used 

Iujhetm oj the cotrdmom of mrld ucrti Il~dol~ tis - fn accordance wth the 
proposed structures of fetwn’ ‘_ one mole each of 2-0-substituted. 2 4-dl-O-sub- 
stltrtted and 3.6-dr-O-substituted mannose residues were found 111 the methylatlon 
annlysIs of the fetum glycopeptlde (Table I and FI g 3) As expected perlodate treat- 
ment deco.nposed the 2-0-substttuted mannosll nearly quantltatwely, whereas the 
reiatwe proportIons of2,4-d1-0-substituted and 3,6-dl-0-substituted mannose residues 
were unchanged_ After perIodate treatment and mild acid hydrolysis, the relatwe 
amount of 3,6-dl-0-substituted mannose WIS decreased to 0 1 mol [Table I) In 
gas-hqurd Chlmximgrdphy, one major new peak was observed (FIN 3, peak 8) 
Based on Its mass spectrum and relatwe retention-time, this component was ldentlfied 
as the Tarnally methylated derlvattve ansing from 3-0-substrtuted mannose The 
result IS m agreement wth structure n (FIN I), ns recently proposed by NIlsson et al ’ 

En another recent study. the branchmg pattern of fetum glycopeptldes was 
reported’ to correspond to structure B (Fig I) The studtes were performed by 
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Fg 3 hsnss fragmcntograms of partlall> methyl~ted JdltoI lcct ltcs obtmncd prom ILtum &co- 
peptldes Upper tracts (A-C) untreattd gI>copcptldes Io\\cr trxch (D-F) Smith-dLgradrd gl>co- 
peptldes Peal\ I, 2,3,4,6-tetra-0-methyI~~lactlto1, peak -7. 2,4,G-tn-O-mcthyl~~~ll~ct~toI pcdh 3 3 -! 6 
rn-U-?7ethyimannltoI, peah 4, 2,3 4-trt-O-nlethyigala~t~tol, pcdh 5 3 G-dl-O-mcthylm~nnttol 
peak 6 3,4--dAl-methylmanmtol, pcah 7 3,~dl-O-mcthylman~~tol pc.~h S 13 6-trl-O-nlctlql- 
rnanmtol, and peal, 9,2,3,6-tr~-0-meth~Igluc~tol Condttlonb 3”’ <, OV210, IS0 (A .tnd D) and 190 
(B, C E and F) DetectIon by mass fragmentography (A .md D) #II/= I61 (B .md E) ,>I!= IS9 md 
(C and F) mJ= 233 

treatments with glycosldase and by methylatlon anrdys~s It was reported th,tt tilL 

perlodate ovldlzed and subsequently reduced substltuent bound to the 3,6-dl-O- 
substituted mannose was reslstant to hydroly\ls, and Smith degddCnlon could 

therefore not be used fat the structur,tl study ’ in ordcl to study whether the different 
results could arise from differences in experImenta condltlons glycopeptlde5 were 
also subjected to Smith degradation exactly as reported In the foregomg study 
Under these condltlons, and usm g mild acid treatment (25mu sulfuric acid, I h 
SOO), only small amounts of 3-0-substituted mannose were produced (FIN 4D, peak 
S) However, when the penodate-oxldlzed and reduced glycopeptldes we1 e hydrolyzed 
with 50 and 100mw sulfuric acid, the proportIon of 3-O-substituted m.mnose X\\~LS 
Increased (FIN 4F and H), and was found In amounts sImIl,~r to those found after the 
standard condltlons of hydrolysis (0 Ihi, I h, SO”) used 111 the present study (FIN 3) 

In order to study whether productlon of the 3-0-substituted mdnnose could 
be due to “nonspecific” acid degradation, fetum glycopeptldes that had not been 
subjected to perlodate oxldatlon were dn-ectly hydrolyzed by IOOmsr hydrochlonc 
actd No changes m the relatwe proportlons of the dlfferentlally substituted mannose 

residues were detected, mdxatmg that the production of the 3-0-substttuted mannose 
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Fig 4 Mass fragmentograms of parttall) methylated aldltol acetates obtamed from penodate- 
oxldlzed and subsequently reduced fetum glycopeptldes (A and B), not hqdrolyzed, (C and D), 
hydrolyzed by 25mht sulfunc acid, (E and F), hydrolyzed by 50mnf sulfunc acid, and (G and H). 
hydroIyzed by 1OOmw sulfunc acid Peak 1, 3,6-dI-0-methylmanmtol, peak 2, 2,4-dl-O-methyl- 
manmtol, peak 3,2,4,6-tn-0-methylgalactltol, and peak 4,2,4,6-tn-O-methylmanrutol The retention 
time of 2,3,4-tn-0-methylmanmtol IS mdxated by an arrow Condmons 3% OV-210, 190”, detectlon 
by mass fragmentography (A, C, E, and C), w/z 189, and (B, D, F and H) m/z 233 

was due specrfically to perIodate oxldatlon The results are thereafter m agreement only 
wth structure A (Fig 1) The prewous suggestion’ of structure B can most hkeIy 
be ascrlbed to the Inherent problems m the approach of usmg glycosldase dIgestIon 

for structural analysis” Possible differences between fetum preparations obtained 

from different sources have, however, also to be consldered 
Be trrantenilary gtycuns of transfer-t-m - Human transferrm contains both 

blaniennary and trlantennary N-glycosyhc carbohydrate un&* 2g The reIatwe 
amount of trlantennary glycans IS - 15 oA of all carbohydrate14 2g The trl- and bl- 
antennary glycans were Isolated by affimty chromatography on Con-A-Sepharose’4. 
The structure of the blantennary glycan has been previously descnbed”, whereas 
the structures of the trlantennary glycans have not yet been fully elucldated28 2g 
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Methylatlon analysis of the trlantennary glycans revealed, as expected, that the ratlo 

of monosubstltuted to dlsubstltuted mannose residues was I Z (Table I) An un- 
expected findmg was, however, that these glycopeptldes also contamed 2 6-dl-O- 
substituted mannose, and that the relative amount of 2,4-dl-0-substituted mannose 
was only 0 5 mol per glycopeptlde (Table I) As was the case with glycopeptldes from 
fetutn and a,-acid glycoprotem, Smith degradation converted the 3,6-dl-0-substituted 
mannose mto 3-0-substituted mannose, and m equlmolar amount to 2,4-dl-O- 
substituted mannose Trace amounts of 6-0-substituted mannose trJ_‘re possibly also 
present, both m the native and m the ovldlzed glycopeptlde 

Although several poss1bIhtIes exist, the most probable explanation for the 
results IS that transferrm contams two types of trlantennary glycan, which differ m 
their mannose branchmg pattern In about half of the structures, the third branch 
would be attached by a (l-+4) lmkage to the outer mdnnose residue, ds In fetuln and 
,-l,-dctd glycoprotern In the rest of the glycans, the third branch could be bound by 
$ (I-6) ltnkage to one of the outer mannose residues The occurrence of two dlfferenr 

trlantennary glycans m transferrm was recently suggested by Regoem CJ~ al 3o 

GIJ copeptdes jt om tl~g I oglobdm - Methylatlon analysis of porcme thyro- 

globulm glycopeptldes not bound to concanavahn A suggests that both tn- and tetra- 
,antennary glycans were present rn this fraction (Table 1) This Interpretation IS re- 
Petted as a proportion of2-0-substituted mannose clearly below 1 0 and ds a proportlon 
of dl-0-substituted mannose resrdues above 2 0 Smith degradation converted the 
13,6-dl-0-substituted mannose Into 3-0-substttuted mannose h’o 6-0-substituted 
mannose was detected Provided that the glycopeptldes correspond to the common 
type of complex-type glycopeptldes, the (I -+4)-ltnked branch would be bound also 
m thts glycoprotem accordmg to structure A, FIN 1 

The results are seemmgly m disagreement with a previous report on the 
branchmg pattern of thyroglobulm glycopeptldes3’ It was repel ted that one pen- 
pheral branch IS bound by a (I -2) Imkage, whereas the second nnd third branches 

are bound by (143) and (l-+6) lmkages to the mannose core This dSerence may 
be due to the fact that the glycopeptldes characterized In that study accounted for 

only 6-7% of the total carbohydrate from thyroglobulm, whereas, m the present 

study, all trlantennary and tetraantennary glycopeptrdes derived from thyroglobulm 

were analyzed as one fraction, m order to reveal the predommant structures 
Glycopeptrdes from 1 at plastna and 61 am - As smgle, randomly chosen glyco- 

protems could carry a selectlon of carbohydrate chams that may not be representatlve 

of the general utuatlon, glycopeptldes from rat whole plasma were also analyzed 

Analysis of the whole, unfractlonated mixture should thus g!ve a quantltatlve picture 
of the branchmg pattern in dddltIon , glycopeptldes from rat bram were analyzed as 

they represent, In contrast to all of the soluble glycoprotems analyzed, mamly mem- 
brane-derived materIa13’ 

The complex-type glycopeptldes derived from plasma that are not bound to 

concanavahn A resemble trlantennary glycopeptldes from fetum and transferrm m 
molecular size, m sugar composltlon, and m the relative proportIons of ddTerentlally 
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substrtuted mannose residues ls (Table I) The correspondrn g glycopeptide fraction 
prepared from bram trssue IS of smlrlar or shghtly larger size m geI filtratton”, and 
the results of the methylation analysrs su,, aaest that It could be constrtuted of both 
tt-r- and tetra-antennary glycans (Table I) The relative amount of 2-0-substrtuted 
mannose was below 1 0 mol and that of dt-U-substituted mannose residues above 

2 0 mol per mol of glycopeptlde In contrast to the other glycopeptrde fractions 
studred_ brain glycopeptrdes also contamed 3,4,6-trt-O-substttuted mannose (Table I) 
Stmrlarly substituted mannose residues have previously been described from tmmuno- 
globulms3’ 3-F_ ovalbumm” 26 and ovotransferrm6, where they constrtute the 
internal 3,6-dr-0-substituted mannose, to whrch m addition 2-acetamrdo-2-deoky-D- 
glucose 1s bound at O-4 The sum of the relatne proporttons of 3,6-dr-U-substrtuted 
and 3,4,6-trt-O-substttuted mannose residues m bram glycopepttdes was 0 9 mol 
per rnol of glycopeptrde which IS in good agreement with the common core-penta- 

sacchartde structure 
Perrodate oxtdatton and mild actd-hydrolyses of glycopepttdes derived from 

brain and plasma decomposed nearly quantrtattvely theu- 2-0-substttuted, 2,6-dr-O- 
substttuted, 3,6-dl-O-substituted and 3,4,6-trr-U-substrtuted mannose resrdues 
(Taole I) In both Instances, the maJor, new partially methylated sugar was the 
derivative of3-0-substttuted mannose, vv hereas only small amounts of 6-0-substrtuted 
mannose were produced Provided the glycans of bram and plasma glycoproecms 
are composed of the same types of basic structure as are present in other glycoprotems, 
the results suggest that the rndnnose branching pattern of the (I-+4)-lurked branch 

IS also srmrlar (strucrure A Pig 1) 

Frml cottttnettt~ - In the samples studied representing trr- and tetra-antennary 
structures, the (l-+4)-lurked, thud branch was found to be bound mamly to the outer 
mannose residue, (1+3)-linked to the mternal mdnnose resrdue As the glycopepttdes 
studied were from drfferent ammal species and ttssue sources, and represent both 
soluble and membrane-bound glycoprotems, thts specrfic branching-pattern may be a 
common structural property of glycoprotems This may mdrcate a common bro- 

synthetic pathway for the addition of the thud and fourth perrpheral branches 01 
‘antennas ’ 

The occurrence of a common, predommant brosynthetrc pathway would not, 
however, exclude the occurrence of other structures as well A proportron of the 

rrianrennary glycans of transferrm contamed a (I-+6)-lurked, thud branch Thts 
suggests that the synthesis of the (l-+4)- and (1+6)-lurked branches may be com- 
petmg reactions m some cases_ Another type of branching has also been suggested 
for the glycans of calf thymocytes3’ 

The common trrantennary structure shows resemblance to the so-called 
mrxed-type gtycans from ovalbumm2’ ’ 6 These glycans may be regarded as rep- 
resenting rntermedtates between neutral-type and complex-type carbohydrate units. 
The nuxed-type glycans contam perrpheral branches composed of 2-acetamrdo-2- 
deoxy-D-glucose and galactosyl-2-acetamtdo-Zdeoxy-D-glucose bound by [I -2) and 
(144) lmhages to the outer mannose resrdues of the core In every instance, the 
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(l-+4)-lmked branch IS bound to the outer mannose hnked (l-+3) to the Internal 

mannose residue”’ 26, that IS m the wne sequence as m the comple\-type _glycans 

The presence of the (l-+4)-lmhed branches In the mlxed-type glycans may mdlcate 

that the synthesis of the third branch could sometimes begm already before the 

synthesis of the first two branches has been completed 

The blantennary carbohydrate structure IS beln, n found In dn IncreasIng number 

of glycoprotems Most of these glycoprotems have, however, been Isolated from 

plasma Analysis of glycopeptldes from different tissue sources, representIng mainly 

membrane-bound molecules nas, III contrast, re\ealed that the maJorlty of the com- 
plex-type glycans occur ds more-branched structures” ” In view of the posculakd 

blologcal functions of membrane-bound carbohydrates36 37, It ~111 be necessary 
to elucidate in detail the structures and blosynthetlc pathways of these branched 
glycans This ~11 also be of Importance for understandm, m the transfocmatlon-assocl- 
ated glycosylatlon change, which seems to affect specifically this CLLSS of c‘wbo- 

hydrate umt3’ 
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