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The structure of a sugar chain of the proteinase inhibitor from the latex of Carica papaya
was studied. Sugar chains liberated on hydrazinolysis were iV-acetylated, and their
reducing-end residues were tagged with 2-aminopyridine. One major sugar chain was
detected on size-fractionation and reversed-phase HPLC analyses. The structure of the
PA-sugar chain was determined by two-dimensional sugar mapping combined with
sequential exoglycosidase digestion and partial acid hydrolysis, and by 750 MHz 'H-NMR
spectroscopy. The structure found was Mana-l-6<Manal-3)Manal-6(Manal-3)(Xyl^l-2)
Man/91-4GlcNAc#l-4(Fucfl:l-3)GlcNAc. This sugar chain represents a new plant-type
sugar chain with five mannose residues.
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Protein proteinase inhibitors are ubiquitously found in
animal and plant tissues. A large number of animal protein-
ase inhibitors are extracellular proteins functioning in body
fluids (I). Plant proteinase inhibitors usually exist in sub-
cellular organelles such as protein bodies (2, 3). Recently,
an extracellular plant glycoprotein proteinase inhibitor
secreted into the latex of green papaya fruit was purified
(4). This proteinase inhibitor, which is active against
bovine trypsin and ff-chymotrypsin, consists of 184 amino
acid residues and two iV-linked sugar chains. Sugar com-
positional analysis suggested that the sugar chains are
composed of mannose, fucose, xylose, and iV-acetylglucos-
amine, however, their detailed structures have not yet been
determined. Here, we report the sugar structure of the
proteinase inhibitor from Carica papaya.

MATERIALS AND METHODS

Materials—The proteinase inhibitor from Carica papa-
ya was isolated as reported previously (4). PA-isomalto-
oligosaccharides were purchased from Takara Biomedicals
(Kyoto), and jack bean a--mannosidase and Charonia
lampus a-fucosidase were from Seikagaku Kogyo (Tokyo).
Cosmosil 5C18-P columns (0.46 X 15 cm and 0.15 X 25 cm)
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were obtained from Nacalai Tesque (Kyoto), and a Shodex
Asahipak NH2P-50 column (0.46x5 cm) was supplied by
Showa Denko (Tokyo). Dowex 50W-X2 (200-400 mesh)
was from Dow Chemicals (Richmond, VA), and a TSK gel
Sugar AXI column (0.46x15 cm) and TSK gel HW-40F
were products of Tosoh (Tokyo).

Standard PA-Sugars—PA-Fuc, PA-Gal, PA-GalNAc,
PA-Glc, PA-GlcNAc, PA-Man, PA-Xyl, and PA-isomaltose
were previously reported (5). Sugar Chains 1-14, 18, 19,
and 22 were prepared as reported (6). The structures and
designations of the sugar chains used are listed in Table I.

Preparation of Sugar Chains from the Latex Proteinase
Inhibitor—Sugar chains were released from 10 mg of latex
proteinase inhibitor by hydrazinolysis (60'C, 50 h) followed
by iV-acetylation under conditions under which N- and O-
linked sugar chains are liberated, and pyridylaminated as
described previously (7). The PA-sugar chains were puri-
fied by gel filtration on an HW-40F column (1.2x45 cm).

High-Performance Liquid Chromatography—Reversed-
phase HPLC was performed on a Cosmosil 5C18-P column
(0.46 X15 cm) at the flow rate of 1.5 ml/min at 25°C. The
column was equilibrated with 0.1 M ammonium acetate
buffer, pH 4.0, containing 0.025% 1-butanol. After inject-
ing a sample, the concentration of 1-butanol was increased
linearly to 0.5% in 55 min. Elution was monitored by
measuring fluorescence (excitation wavelength, 320 run;
emission wavelength, 400 nm).

Reversed-phase HPLC for two-dimensional sugar map-
ping of the PA-sugar chains was performed on a Cosmosil
5C18-P column (0.15x25 cm) at the flow rate of 150 //I/
min at 25'C. The column was equilibrated with 20 mM
ammonium acetate buffer, pH 4.0, containing 0.075% 1-
butanol. After injecting a sample, the concentration of 1-
butanol was increased linearly to 0.4% in 90 min. PA-sugar
chains were detected as described above. Their elution
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TABLE I. Structures and designations of pyridylaminated sugar chains used in this study.

561

Structure Sugar Chain

Manpi - 4GlcNAcpi -4GlcNAc - P A 1

I I
Xylpl Fucal

-4GlcNAcpi-4GlcNAc-PA 2

-4GlcNAc - P A 3

Manpi — 4GlcNAc£l—4GlcNAc - P A 4

I - 4GlcNAcpi —4GlcNAc - P A 5
Manal

Manal /

Manal v

Manal '

Manals.,

°Manpi — 4GlcNAc£l — 4GIcNAc — PA 6

5Manpi —4GlcNAcpi—4GlcNAc-PA 7

5Manpi — 4GlcNAcPl—4GlcNAc-PA 8

— 4GIcNAc£l — 4GIcNAc-PA 9

-4GlcNAc£l-4GlcNAc-PA 10

Manal'

Manal>

Manal.

Manal

M»naV 3
Manor

Manal'

2

Xyipi

°Manpi-4GlcNAcPl-4GlcNAc-PA 11

6Manpi — 4GlcNAc^l—4GlcNAc-PA 12

'|Manpi-4GlcNAcPl-4GlcNAc-PA 13

"Manpi— 4GlcNAcPl—4GlcNAc-PA 14

Xyipi

Structure Sugar Chain

Manal'
Manalvg

4ana K

Manal V/:
Canals

Manal' f
Xyipi

Manpi-4GlcNAc£l-4GlcNAc— PA 15

- 4GlcNAc^l-4GlcNAc - P A 16

- 4GlcNAcP 1 - 4GlcNAc — PA 17

-4GlcNAi$l-4GlcNAc-PA 18

Xyipi

Xyipi

Manal

jMan
M i n a l ' \

Xyipi

,ManPl-4GlcNAc£l-4GlcNAc-PA 19

Manpi-4GlcNAcPl-4GlcNAc-PA 20

Xyipi

-4GlcNAcPl-4GlcNAc - P A 21

MinaK

Manal

* ManP 1 - 4GlcNAcP 1 - 4GlcNAc — PA 22
/ 3 2 3

Xylpl
I

Fucal

positions were expressed as R values according to the
reversed-phase scale previously reported (6).

Size-fractionation HPLC was performed on a Shodex
NH2P-50 column (0.46 X 5 cm) at the flow rate of 0.6 ml/
min at 25'C using two eluents. Eluent A was 0.3% (v/v)
acetic acid in a 1:4 (v/v) mixture of acetonitrile:water
adjusted to pH 7.0 with aqueous ammonia, and Eluent B
was 0.3% (v/v) acetic acid in a 93:7 (v/v) mixture of
acetonitrile:water adjusted to pH 7.0 with aqueous ammo-
nia. The column was equilibrated with a 3:97 (v/v) mixture
of Eluent A:Eluent B. After injecting a sample, the propor-
tion of Eluent A was increased linearly to 33% in 1 min, and
then to 71% in 34 min. Elution was monitored by measuring
the fluorescence (excitation wavelength, 310 run; emission

wavelength 380 nm). The elution positions of the PA-sugar
chains were expressed as glucose units using PA-isomalto-
oligosaccharides.

Reducing-End Analysis of PA-Sugar Chains—The
PA-sugar chains to be analyzed (20 pmol) were hydrolyzed
with 4 M hydrochloric acid at 100'C for 8 h, followed by N-
acetylation. PA-monosaccharides were analyzed by TSK
gel Sugar AXI HPLC (8).

Exoglycosidase Digestion of PA-Sugar Chains—A PA-
sugar chain to be analyzed (150 pmol) was digested with 0.4
unit of or-mannosidase in 40 ̂ 1 of 40 mM sodium citrate
buffer, pH 4.5, at 3TC for 17 h, and then with 5 milliunits
of a--fucosida8e in 35 //I 0.1 M ammonium acetate buffer,
pH 3.9, at 37'C for 24 h. The enzymatic reaction was
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terminated by heating the solution at 100'C for 3 min.
Analysis of Oligosaccharide Structures from the Reduc-

ing-End Terminal (9)—To 200 pmol of a PA-sugar chain,
200//I of a 1 M trifluoroacetic acid aqueous solution was
added, and half the mixture was hydrolyzed at 100'C for 10
min and the other half for 1 h. The combined hydrolysates
were freeze-dried, followed by 7V-acetylation. The sample
obtained was size-fractionated every 1 glucose unit using
PA-isomaltooligosaccharides as an elution scale. After
lyophilization of each fraction, the fractions were analyzed
by reversed-phase HPLC.

NMR Spectroscopy—Prior to NMK spectroscopic analy-
sis, a sample was exchanged twice in 99.96% D2O (Math-
eson, USA) with intermediate lyophilization. Finally, the
sample was dissolved in 600 n\ of 99.96% D2O.

The TOCSY spectrum at 750 MHZ was recorded using a
Varian Unity Inova 750 MHz NMR spectrometer with a
mixing sequence of 120 ms, the spin-lock field strength
corresponding to a 90° pulse width of 42.0//s. Measure-
ments were made at 30°C. Signals under the HOD peak
were detected by carrying out the measurements at 50"C.

RESULTS AND DISCUSSION

Separation and Reducing-End Analysis of PA-Sugar
Chains from the Latex Proteinase Inhibitor—PA-sugar
chains obtained from the latex proteinase inhibitor of C.
papaya were separated by reversed-phase HPLC (Fig. 1).
Size-fractionation HPLC and reducing-end analysis reveal-
ed that Fraction D was a single component, its molecular
size was 8.1 glucose units, and its reducing-end residue was
PA-GlcNAc. The molecular size of Fraction C was 8.0
glucose unit, and its reducing-end residue was PA-ManNAc
(data not shown). Therefore, Fraction C was probably a
by-product of Fraction D formed during preparation, as
usually found (10). Size-fractionation HPLC and reducing-
end analysis of Fractions A and B indicated that they were
contaminating materials, and these peaks were usually
observed for the peptide portion (11). From these results,
it was inferred that the proteinase inhibitor has only one
major TV-linked sugar chain structure.

Two-Dimensional Sugar Mapping of a Sequential
Exoglycosidase Digest of Fraction D—Fraction D was not
identified as one of the authentic PA-sugar chains on a
two-dimensional sugar map obtained with the combination
of size-fractionation and reversed-phase HPLC. Fraction D
was then digested with a-mannosidase (arrow a in Fig. 2),
and the elution position of the product was found to be

o
C

A B C D

20

Elution time (min)

40

Fig. 1. Separation by reversed-phase HPLC of PA-sugar
chains from the latex proteinase inhibitor. Fractions were pooled
as indicated by the bare.

identical to that of Sugar Chain 1. This digestion reduced
the molecular size from 8.1 to 3.7 glucose units, indicating
the removal of four mannose residues. Further digestion of
the product with <*-fucosidase resulted in the appearance of
a new peak at the position of Sugar Chain 2 (arrow b in Fig.
2). These results suggested that the structure of Fraction D
was Man4(Xyl£l-2)Man/51-4GlcNAc/?l-4(Fuc*l-3)Glc-
NAc-PA.

Structural Analysis of Fraction D from the Reducing-
End Terminal—The structure of Fraction D was analyzed
from the reducing-end terminal by combining partial acid
hydrolysis and two-dimensional sugar mapping (9). The
results of size-fractionation HPLC are shown in Fig. 3. Only
PA-GlcNAc was detected in Fraction Dl on anion-exchange
HPLC on a TSK gel Sugar AXI column (data not shown).

s
a 8

c
S3

D
X

20 40

R value

Fig. 2. Two-dimensional HPLC mapping of Fraction D and its
sequential digest with exoglycosidases. The molecular sizes of
PA-oligosaccharides are plotted on the ordinate in terms of glucose
units using PA-isomaltooligosaccharides. On the abscissa, the elution
positions of PA-oligosaccharides on reversed-phase HPLC are shown
in terras of the R values (6). The abbreviations and the structures of
the PA-oligosaccharides are listed in Table I. Open circles represent
the elution positions of authentic Sugar Chains 1 and 2, and Xs the
elution positions of D, D', and D". D' is the digest of Fraction D with
a -mannosidase, and D" is the digest of D' with a -fucosidase. Arrows
a and b, respectively, indicate the digests with a-mannosidase and
a -fucosidase.

Gl G3 G5
f 1 T

G7 G9

D9

0 10

Elution time (min)

Fig. 3. Size-fractionation HPLC of the partial acid hydro-
lysate of Fraction D. PA-oligosaccharides were fractionated on a
Shodex NH2P-50 column. Arrowheads G1-G9 indicate the elution
positions of PA-isomaltooligosaccharides. Fractions were pooled as
indicated by bars D1-D9. The peaks that appeared at around 2 min
were due to contaminating materials.
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The other fractions were analyzed by reversed-phase
HPLC (Fig. 4). Sugar Chains 3 and 4 were detected in
Fractions D2 and D3, respectively. In Fraction D4, Sugar
Chains 5 and 6 were detected. These findings suggested that
Fraction D5 might contain Sugar Chain 9, which was in fact
confirmed by Peak 9 (Fig. 4-D5). From the detection of
Sugar Chain 7 or 8 in Fraction D5 and the presence of five
mannose residues in Fraction D, it was predicted that
Fraction D7 should contain Sugar Chain 19, which was in
fact Peak 19. The structure of Sugar Chain 19 in Fraction D
was further confirmed by identifying PA-sugar chain frag-
ments (the black peaks in Fig. 4) derived from authentic
Sugar Chain 19 by applying the same procedure. The
presence of Sugar Chains 15 or 16, and 14 in Fraction D6
signified that Fraction D8 should contain Sugar Chain 21,
which was in fact Peak 21. The estimated structure of Sugar
Chain 21 in Fraction D was confirmed by identifying all the
peaks for possible fragments derived theoretically from
Sugar Chain 21. The absence of a peak at the elution
position of Fraction D (Fig. 4-D9) indicated that Fraction D
had an acid-labile substituent such as a fucose or sialic acid
residue, the difference in the elution position between D
and Peak 21 being characteristic of a Fucal-3 residue (6).
On the basis of these results, we postulated that Fraction D
had the structure, Manal-6(Mantf l-3)Man<arl-6(Mano'l-
3)(Xyl/?l-2)Man/n-4GlcNAcy91-4(Fucffl-3)GlcNAc-PA.

Structure Analysis of Fraction D by l H-NMR Spectros-
copy—To confirm the postulated structure of Fraction D,
additional evidence was obtained by 750 MHz 'H-NMR
spectroscopy. Part of the TOCSY spectrum and part of the
one-dimensional spectrum are shown in Fig. 5A. By carry-
ing out the measurements at 50'C, we confirmed that there

32
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Fig. 5. 'H-NMR analysis of Fraction D and the proposed
structure of Fraction D from the latex proteinase Inhibitor. (A)
Part of the TOCSY spectrum recorded at 30'C and part of the one-
dimensional spectrum of Fraction D. (B) Proposed structure of Frac-
tion D and coding of the sugar residues used in this paper.
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Fig. 4. Reversed-phase HPLC analysis of Fractions D2-D9.
Black arrowheads indicate the elution positions of authentic PA-sugar
chains, and white arrowheads show the calculated elution positions of
non-standard PA-sugar chains as reported (6). The peaks that
appeared at around 5 min are due to contaminating materials. The
numbers and designations of the sugar chains used are listed in Table
I.

TABLE II. Chemical shifts (ppm) of structural reporter
groups of PA-sugar chains analyzed by 760 MHZ 'H-NMR spec-
troscopy. NMR spectroscopic analysis was performed at 30 and 50*C
(signals shown in parentheses). Chemical shifts are expressed in ppm
using internal acetone (ti = 2.218 and 2.213 ppm) in D,0 at 30 and
50'C, respectively. Coupling constant, JtJ, values at 30'C are shown
in angle brackets.

CHj of Fuc
CH, of NAc 1
CHj of NAc 2
H-l of 2

H-l of Fuc

H-lofXyl

H-l of 3
H-l of 4
H-l of 4'
H-l of A
H-lofB
H-2 of 3
H-2 of 4
H-2 of 4'
H-2 of A
H-2 of B

Fraction D
1.194 (1.190)
1.921 (1.924)
2.033 (2.029)
4.591 (4.597)

5.043 (5.036)

4.442
<7.2>
4.842 (4.830)
5.107 (5.115)
4.870' (4.870)
5.103 (5.100)
4.894 (4.894)
4.236 (4.233)
4.055 (4.054)
4.143 (4.132)
4.055 (4.054)
3.972 (3.897)

Sugar chain 22*
1.206
1.934
2.056

[4.630]"

5.060

4.452

[4.843]"
5.135
4.925

4.270
4.050
4.000

Sugar chain 19°

1.949
2.064
4.645

4.784
5.107
4.878
5.102
4.913
4.242
4.083
4.152
4.069
3.987

•Data for 65'C in square brackets; bdata from Ref. 12; cdata from Ref.
22.
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were no signals under the HOD peak at 30°C. The chemical
shifts of the structural reporter groups of Fraction D were
compared with those reported previously for Sugar Chains
19 and 22 (Table II). The coding of the sugar residues used
is shown in Fig. 5B.

The signals at 1.194, 1.921, and 2.033 ppm were as-
signed to the methyl protons of Fuc, GlcNAc-1, and
GlcNAc-2, respectively. The anomeric proton signal (3 =
4.591 ppm) was assigned to GlcNAc-2, because its chemical
shift was similar to that of Sugar Chain 22 and the large
coupling constant (8.1 Hz) indicated a y9-linkage. The
chemical shift of the anomeric proton of Man-3 was almost
the same as that of Sugar Chain 22. The signals at rf=5.043
and 4.442 ppm, in combination with the coupling constants
t/1,2 (4.1 and 7.2 Hz), were typical signals of Fucal-3 and
XylySl-2 residues, respectively, as found in Sugar Chain 22.
The other anomeric proton signals, at 5.107, 4.870, 5.103,
and 4.894 ppm, were similar to those of Sugar Chain 19,
and thus were assigned to Man-4, Man-4', Man-A, and
Man-B, respectively. These NMR results further confirmed
the findings obtained on exoglycosidase digestion and
partial acid hydrolysis.

Structure of the Sugar Chains in the Latex Proteinase
Inhibitor—On the basis of the results described above, the
structure of the sugar chain in the latex proteinase inhibitor
from C. papaya was determined (Fig. 5B). The results
were compatible with the sugar composition of the glyco-
protein reported previously (4). Plant-type Af-linked sugar
chains with Fucal-3 and Xyl/Sl-2 residues in their high-
mannose structures have been reported, and Sugar Chain
22 is typical of such a structure (12-15). However,
Manffl-6(Manal-3)Manal-6(Mana'l-3)(Xyl/?l-2)Man/?l-
4GlcNAcyi31-4(Fuca' l-3)GlcNAc has not so far been report-
ed to our knowledge. It is also noteworthy that the latex
proteinase inhibitor from C. papaya has only one sugar
chain, since microheterogeneity of sugar chains is found in
most glycoproteins.

In the reported biosynthetic pathway for plant-type
iV-linked sugar chains with fucose and xylose residues, a
xylosyltransferase transfers xylose to a sugar chain after
the removal of Man-A and Man-B by Golgi a-mannosidase

*Janu|-«M.naU6
Manal'J $

Manal'

J | « M . n a U 6 I
Manal 'J $ManBl-4GlcNAcfll-4GlcNAc- Asn

l ' J |

(iV-AcetylglucoMminyltransferase I )

Manal 'J SManBl-4GlcNAcfil-4GlcNAc-Asn
1cNAcf!l-2Manal'3 H H |G1cNAcf!l-

( Xylosyltransferase, Fucosy Itransferase )

^ 6 M a n a l ,
Manal 'J ?Manfil-4G!cNAcfll-4G!cNAc- Asn

GlcNAcpi-2Manal'J J 3 |
Xyipl Fucal

^ (jV-Acetylhexosaminidase )

Manal 'J 9ManBl-4GlcNAcfll-4GlcNAc- Asn
Mancil 'J f ^ |

Fucal

Fig. 6. Possible biosynthetic pathway for Fraction D.

II (16-18). However, a few plant sugar chains, such as
Manffl-3Man«l-6(Manffl-3)(Xyl/Sl-2)Many91-4GlcNAc-
yi?l-4GlcNAc (19), Man* l-6(Man«l-3)Manal-6(GlcNAc£l-
2Mana>l-3)(Xyl/?l-2)Man/?l-4GlcNAcy91-4GlcNAc (20),
and Manal-3/6Manffl-6(Manffl-3)(Xyl/91-2)Man/?l-
4GlcNAc/?l-4(Fucal-3)GlcNAc (21), are not consistent
with the above biosynthetic pathway. These reported
results and the finding of Fraction D in this study may
indicate that Golgi a-mannosidase II did not act on this
glycoprotein, as shown in Fig. 6. This pathway may be
possible because the xylosyltransferase can transfer xylose
to Man*l-6(Manal-3)Man*l-6(GlcNAc,ffl-2Mantfl-3)-
Man/?l-4GlcNAcy91-4GlcNAc, although the activity is low
(16, 17).

We wish to thank Dr. K. Lee (Osaka University, Graduate School of
Science) for the operation of and technical advise on the Varian Unity
750 MHz NMH spectrometer of the Venture Business Laboratory,
Osaka University.
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