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Abstract

Edible fungi, mushrooms, are a popular food in Japan and over fifteen cultured mush-
room species are available at the food markets. Recently, constituents or ingredients of
edible mushrooms have drawn attention because possibilities have been seen for their medi-
cal usage. Mycoglycolipids EBasidiolipidsF of higher mushrooms have been characterized
as glycosylinositolphosphoceramides, and they have a common core structure of Mana � � �
Ins � �GPO�H�Cer and extension of Man, Gal and/or Fuc sugar moieties. Five mycoglycoli-
pids were purified from an edible mushroom, Pleurotus cystidiosus EOhiratakeF by succes-
sive column chromatography on ion exchange Sephadex EDEAE�SephadexF and silicic acid
EIatrobeadsF. Their structures were characterized to be Mana � � � Ins � �GPO�H�Cer, EGala��
�FEFuca���FGalb���Mana���Ins��GPO�H�Cer, EGala���FEFuca���FGalb � � � Mana � � � Ins � �
GPO�H�Cer, EGala���FEGala���FEFuca���FGalb���Mana���Ins��GPO�H�Cer and IGala ��E� or �F
Gala���JEGala���FEFuca���FGalb���Mana���Ins��GPO�H�Cer by sugar compositional analysis,
methylation analysis, periodate oxidation, partial acid hydrolysis, enzymatic hydrolysis, im-
munochemical analysis, gas�liquid chromatography EGCF, gas chromatograph�mass spectro-
metry EGC�MSF, matrix assisted laser desorption ionization time�of�flight mass spectrome-
try EMALDI�TOF MSF and �H�nuclear magnetic resonance spectroscopy ENMRF. Ceramide
constutuents of their mycoglycolipids were composed of phytosphingosine as the sole sphin-
goid, and mainly � �hydroxy C �� : � and C �� : � acids as the fatty acids.

Key words : Mycoglycolipid, Glycoinositolphosphosphingolipid, Edible fungi EPleurotus cystidi-
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� 	 ) ��i�	 �Fig. �, lanes �� � )
 �
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fr. � ���KLM1�$� ���� mg� �����)
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KLM���AGL� � � � n��ST&� fr.

� ������mg� �����)Y���AGL� � � fr. �
����mg� ����) KLM fr. � �����mg� ��	�)
Y���AGL� �5�ST&�'��l�	^�
y����W4o��.��4�Y���@�
�����^ ¡W*	��� A*�* fr. �
�A*�AGL� � aKLM fr. ��A*�AGL�
� b5�	
 fr. � ���
��mg� �����) Y��
�AGL� �5�	
 fr. 	 �����mg� ��	�) Y
AGL� �5AGL� 	�ST&5�	
 ¢1��
KLM¢1�$YA*�* �����mg� �����
�£�	
 Ws�� STi�5���(�	
fr. � � fr. �KLM fr. 	� �i���4�Y�
�_�!�£w � ��
�F"$ /Q /���
��Q�ST)�*¤	 Re�Iatrobeads

column chromatography�L��}~¥¦
�§�+�� fr. �zsY ��� mg�AGL� � a

�� fr. �zsY ��	 mg�AGL� � b�� fr.

	 zsY ��	mg�AGL� 	 �,	 �Fig. �,
lanes �� � )


Fig. ��-¨��©�ª+u� u «]
���P^¬.��4w77deEf��tn
�£wx ��� Pleurotus eryngii5� TLC

�E"��)­�l�	^� pq��£w

Fig. � Fractionation of Mycoglycolipids of
Pleurotus cystidiosus �Ohiratake� by
Iatrobeads Column Chromatography.
The column was eluted with a ��pro-
panol/water/ammonia ��� : ���� : �, v/v).
Separation of AGL fraction �lane �, the
acidic glycolipids obtained by DEAE�
Sephadex fractionation procedure)
yielded six subfractions designated frs.
� to 	 �lanes � to 	). The plates were
developed in ��propanol/water/ammo-
nia ��� : �� : �, v/v) for � h, and the
spots were visualized with orcinol�
H�SO� reagent for Panel A and with
Hanes�Isherwood reagent for Panel B.
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AGL� � � AGL� � b� AGL� ����AGL�
�
���M�� ¡
HI�¢9 Table �
�£��� ���¤W�� �	¥� � �!C�
¦§¨©����� � �!C�¦§�A���
��9ªWHM���� �«!C�¦§��
�� � �!C�¦§�
¬­®¯	� �	
° :

��	�°�� ��� �� ¡¤W) �	¥� ���°
�±41�±�²§��*e�� L�6
�K
³(�"~C¤W�� ´�µ¶����(�Q
R�*(����
>?@A�@�BC
�AGL� � � AGL� ����AGL� � � 
5�6
M\·�� �±41�±�²§�M � �!C�
¦§�9WHM'(�±4�"~C9¸¹�M
���(LM/Z[��� ����� ��� ,-
�� AGL� ��%&'(>?@A�@�BC

@}��������0�� º»9Je��=

Fig. � Thin Layer Chromatogram Comparing
the Mycoglycolipid Patterns between P.
cystidiosus �Ohiratake
 and the King
Oyster Mushroom, Pleurotus eryngii
�Eringi
.
Lane �, AGL fraction from P. cystidiosus
�Ohiratake� ; lane �, AGL fraction from
P. eryngii �Eringi�. The plate was de-
veloped in ��propanol/water/ammonia
��� : 
� : �, v/v� for � h, and the spots
were visualized with orcinol�H�SO�
reagent.

Fig. � Thin Layer Chromatograms of the
Mycoglycolipids Isolated from P.
cystidiosus �Ohiratake
.
Lane �, AGL fraction obtained from
DEAE�Sephadex column chromatogra-
phy ; lanes � to �, isolated AGL��, AGL�
�a, AGL��b, AGL�� and AGL��. The
plates were developed in ��propanol/
water/ammonia ��� : 
� : �, v/v� for � h,
and the spots were visualized with
orcinol�H�SO� reagent for Panel A and
with Hanes�Isherwood reagent for Panel
B.
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�. � MALDI�TOF MS��
!"#$%#%&�'(��)*�"+,-
./�0��12
3"+,45�6 7'8
9AGL� � � AGL� � b� AGL� �:8;AGL�
��MALDI�TOF MS<=�>?@� ABC
�D� Fig. �'� E6F�GHF IJM�HKLM
� Table �'N�@� !"#$%#%&��
OP#Q5RS�� ���� ICerTFAU
LCB�H�OM� %,V IH�PO�M� "WX�5D
IInsM :8;!,W5A IManM 89�9�
Y2��Z[\]�@Man�Ins�JPO�K�Cer�
��^_� CerIFAULCB�H�OMUH�PO��H�O
UIns�H�OUMan�H�OTCerIFAULCB���MU
�� � ��U ��	 � ��U ��	 � ��T FAU LCBU
�����`a
� YYb� ++c�de�!"
#$%#%&��f]� ghbij@8k'l
mV IFAM :8;nopq ILCBM �rs�
t]uv�� J � �hydroxy �� : 	 I���M�t�� : 	
I��
MT �
�K � J � �hydroxy �� : 	 I���M�t
�� : 	I��
MT 
	�K � �wx�s
� y?��
++c�de�!"#$%#%&��OP#
Q5z<�<{| IMM � �	��:8; �	�
b

}
� 1�'� ~�s!"#$%#%&��<
{|'����� IMan�Ins�JPO�K�CerM U
nHex�nH�OT �	��U ��	 n� �� n:8; �	�

U ��	 n� �� n'8?�N12� �@� <{|
����'s
��]���
�� InM ��
6a
Y�����s
� ���Y���
AGL� � � AGL� � b� AGL� �:8;AGL� �
�ABC�D IFig. � M :8;E6F�GH
F ITable � M '�����t
�� AGL� �
�&5C�E6F� JM�HKLTm/z �	�����

Table � MALDI�TOF MS Analysis of AGL��,
AGL��b, AGL�� and AGL�� from P.
cystidiosus �Ohiratake�

Symbol
in Fig. �

Fatty
acid

Sphingoid
Found
JM�HKL

Calc’d
JM�HKL

A AGL�� a
b

h �� : 	
h �� : 	

t �� : 	
t �� : 	

�	�����
�	�����

�	��
�	��

B AGL��b a
b

h �� : 	
h �� : 	

t �� : 	
t �� : 	

�����	�
�����
�

����
����

C AGL�� a
b

h �� : 	
h �� : 	

t �� : 	
t �� : 	

������

�
���	�

���	
�
��

D AGL�� a
b

h �� : 	
h �� : 	

t �� : 	
t �� : 	

�����	�
�������

����
���	

Fig. � Negative�Ion Linear Mode MALDI�
TOF MS Spectra of AGL��, AGL��b,
AGL�� and AGL��.
A : AGL�� ; a, JM�HKL ion at m/z �	����� ;
b, m/z �	����� ; B : AGL� � b ; a, m/z
�����	� ; b, m/z �����
� ; C : AGL�� ; a,
m/z ������
 ; b, m/z �
���	� ; D : AGL�� ;
a, m/z �����	� ; b, m/z �������.

Table � Aliphatic Compositions �Ceramide
Compositions� of Mycoglycolipids
from P. cystidiosus �Ohiratake�

Composition AGL�� AGL��b AGL�� AGL��
Fatty acid I�M

Nonhydroxy acid
�� : 	
�� : 	
�� : 	
�� : 	

���
���
���
��	

���
���
���
��	

���
��	
���
	��

���
���
���
���

��� ���	 ��� �	��
��Hydroxy acid

�� : 	
�� : 	
�� : 	
�� : 	
�� : 	
�� : �

��


��
���

���
����
���

tr.
��	
����
���
����
��


��

���
���

���
���

���

tr.
���
����
��	
���	
��


���� ���	 �	�� ���

Sphingoid I�M

t�� : 	 �		 �		 �		 �		
t, trihydroxy sphingoid IphytosphingosineM ; tr, trace.
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�� ����� �m/z ������� �� ����� ����
	
�
�
�� �m / z �������m / z

����� ����������� ���� AGL�
�� !"#$"$%&�"'()*+��,
�-./,0�1�2�� 34� AGL� � b�
5���%(6�78�1 9M�H:; <m/z

��	
��
 �� ��	
� �m/z ������� �� �����
��,0���� 	
�
 ���
= ��� n� �� n

< ��	
��� ����= ��� n� �� n< �����>
? @� A B C � n < 	�
� ���� �Hex�� �
Man�Ins�P�Cer��,�-.��� AGL� �
�5���%(6�78�1 9M�H:;<m/z

���
����� ��
�� �m/z ������� �� �����
��,0���� 	
�
 ���
= ��� n� �� n

< ��
���� ����= ��� n� �� n< �����>
?@� ABC� n< ��
� ���� �Hex���Man

�Ins�9PO�:�Cer��,�-./,0�1�2
�� AGL� ��5���%(6�78�1 9M�
H:;<m/z ��
����� ����� �m/z �������
�� ����� ��,0���� 	

� 
 ���
= ��� n� �� n < ����
��� ����= ��� n� �� n< ����
�>?@� ABC� n< ��
�
���� �Hex�� �Man�Ins�9PO�:�
Cer��,�-./,0�1�2
�� D�� Table 	 ��E,
AGL� � b� AGL� ����AGL�
��
�� 9M�H:��5����
FG�HI)JK�LMNOP�
�Q���,�

�. � AGL� � �AGL� � a�AGL�
� b�AGL� ����AGL�
����

�. �. � ��	
�
AGL� � �AGL� � b�AGL� ��
��AGL� ��HI)NR./,
���� STU$VW��F� O�
TMS�SXY#$"V&Z[\�
�� GCJKN���0]� 	

�
AGL��, Man ; AGL� � b,

Man : Gal : Fuc ���� : 	�� : ���� ;

AGL��, Man : Gal : Fuc ���� :

��� : ��
� ; AGL��, Man : Gal :

Fuc ���� : ��� : ��
� N^_��� `�� 	M

ab� 	� h� ���c�deJf��F� 'Yg
h(Y'ij(hZ[\��� GCJK���
0]� �Bk�?@ myo�!UVh(YN^_
/,��Q�� AGL� �?@�lmn �O�'i
XY� oph(YN�AGL� � b�AGL� ���
�AGL� � ?@�lmn �O�'iXY�  o
ph(Y� lmn �O�'iXY� qr6Xh(
Y� soT �O�'iXY� tVh(YNu.
�� �Fig. � �� 0
@�LM�� AGL��,
Man�Ins�9PO�:�Cer ; AGL��b, �Fuc��Gal�	�
Man�Ins�9PO�:�Cer ; AGL��, �Fuc��Gal���
Man�Ins�9PO�:�Cer ; AGL��, �Fuc��Gal���
Man�Ins�9PO�:�Cer� - 8 v 
� w G �
MALDI�TOF MSJK�LMNxyz{���
�. �. � �

��������������

����	������� 
)|�L}~�NR./,���AGL� � �

AGL� � b� AGL� � ���AGL� � �SXY

Fig. � Gas Chromatograms of Alditol Acetate Derivatives
derived from AGL��, AGL��b, AGL�� and AGL��.
A, myo�inositol hexaacetate �authentic standard� ; B,
AGL�� ; C, AGL��b ; D, AGL�� ; E, AGL�� ; peak a,
inositol hexaacetate ; peak b, mannitol hexaacetate ; peak
c, fucitol pentaacetate ; peak d, galactitol hexaacetate.
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�������� AGL� �	
�����
 �O�
����������������� �O����� ��
���� � �Man� �� AGL� � b	
�
����
 �O��������������� �O�����
����� � � Fuc�� ����
 �O�������
����������� �O����� �� ����
� � Gal�� �������� �O��������������
� �O����� ������ ����Man� !"
#����������� �O�����������
 �O�
���� �� ���� ������Gal� ���� ��
AGL� �	
� � Fuc� � Gal � �$���� ���
Man!"#����������%�& �O�������
���O����� �� ���� ��������Gal�
'()�����������%�& �O���������
�O����� �� ���� �*+�,-�.
.% ���/01� 2��34AGL� �4�
�56	
7+8'(9:1;<=>(� ����
�� AGL� � 	
� � Fuc� � Gal� ���Man�
�������Gal� �������� �O�������������

�� �O����� �� ���� ����Gal�
!"#�������� �O���������������
�O����� �� ���� ����Gal� :;<
=>(?� �@AB� �Fig. � �� 9>
4
9:	
C4"DEFG5HIJ1K<8L��
AGL� �� InsM Man15HBN)(� AGL�
� b�AGL� �4Man4 �IM �I: �I8
�OB� Gal15HB� =
MP4�O4)
Q>	M Fuc: Gal1P>R> �$�QS5
HBN)(� AGL� � �AGL� � b4ManM
5HBN)( �I!"# �I84�O GalM
=
M �IM Gal15HB�T�OUV�W
BN)(X48'(� AGL� ��Man : Fuc :

Gal4$�Y1� !!"P � : � : �8'(9
:� !"#���Gal:���Gal4$�Y1 ��� :

���8'(9:	
� AGL� �4Z[\]^M
IJ0( �S4 Gal4D_4`_
	M� =

M � � �8 Gal15HB�X4: � � �8 Gal

15HB�X44 �ab1cd0(efg1/

Fig. � Gas Chromatograms of Partially Methylated Alditol Acetate Derivatives derived from AGL�
�, AGL��b, AGL�� and AGL��.
A, AGL�� ; B, AGL��b ; C, AGL�� ; D, AGL�� ; peak a, �,��di�O�acetyl��,�,�,��tetra�O�
methylmannitol ��Man� ; peak b, �,��di�O�acetyl��,�,��tri�O�methylfucitol ��Fuc� ; peak c, �,��
di�O�acetyl��,�,�,��tetra�O�methylgalactitol ��Gal� ; peak d, �,�,��tri�O�acetyl��,�,��tri�O�
methylmannitol ��,�Man� ; peak e, �,�,�,��tetra�O�acetyl��,��di�O�methylgalactitol ��,�,�Gal� ;
peak f, �,�,�,�,��penta�O�acetyl���O�methylgalactitol ��,�,�,�Gal� or �,�,�,�,��penta�O�acetyl���
O�methylgalactitol ��,�,�,�Gal� ; peak g, �,�,��tri�O�acetyl��,�,��tri�O�methylgalactitol ��,�Gal� ;
h, �,�,��tri�O�acetyl��,�,��tri�O�methylgalactitol ��,�Gal�. Under these analytical conditions, all
the expected inositol products remain phosphorylated and are hence not observable.
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U��3&�5 ���� 3!" "����# �
#����$�$&�� TLC���%�=65

����M��5 ����!"5 ������&=�
u�'���y���;3$(J� "�y��
AGL� ���K'<)�5 wx�yz{|<*
����}���#� �yz{|3&�5 AGL�
��� TLC=��+ <�>���5 AGL�
� " � #5 AGL� � " 	 #5 AGL� � " � a#5 AGL�
� " � b#5 AGL� � " � # 3��&� "Fig. � #�
7����,-$�R:�� ��mg�AGL�
�$ �.�����o��� ��mg ?�¡
&�5 �R���=wx�y$~J��5 /x
0=1
 "�	 h# &�� 1
23¢$£¤�¥
&�5 	���mg��yz{|$��� ;�$ � �
¦§¨©[� /x /X�ª«Xx "
� : �� : � #
��¬4­45��� Iatrobeads column

chromatography "column sizef ���® �� cm5
bed volume ��mL "f ���® �� cm#5 collec-

tion volume 	mL/tube# =�¯5 �}&�
"/°$ �mL/min3:��4�5 w¤±²$
~J�#� ³´�6AGL� � " � #5 	�	mg ;

AGL� � " 	 #5 ���mg ; AGL� � " � a#5 	��mg ;

AGL� � " � b#5 ���mg ; AGL� � " � #5 
��mg

=�J�� o�����yz{|$ z&��
�0N�z�65 AGL� � " � # <Man5 AGL�
� " 	 # <Man : Gal " � : � 5 ª��#5 AGL�

Fig. � Thin Layer Chromatogram of Partial
Acid Hydrolyzates of AGL��.
Lane �, intact AGL�� ; lane 	, acidic
hydrolyzates of AGL�� ; lanes � to 
, pu-
rified AGL��"�#, AGL��"	#, AGL��"�a#,
AGL��"�b# and AGL��"�#. The plate
was developed in ��propanol/water/
ammonia "
� : �� : �, v/v# for 	 h, and
the spots were visualized with orcinol�
H	SO� reagent.
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� � � a� ���AGL� � � � b� ���	Man :

Gal � � : � �
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Fig. � Gas Chromatograms of Partially Methylated Alditol Acetate Derivatives derived from Acid
Hydrolyzates of AGL��.
A, AGL����� ; B, AGL����� ; C, AGL����a� ; D, AGL����b� ; E, AGL����� ; peak a, �,��di�O�
acetyl��,�,�,��tetra�O�methylmannitol ��Man� ; peak b, �,��di�O�acetyl��,�,�,��tetra�O�methyl-
galactitol ��Gal� ; peak c, �,�,��tri�O�acetyl��,�,��tri�O�methylmannitol ��,�Man� ; peak d, �,�,��
tri�O�acetyl��,�,��tri�O�methylgalactitol ��,�Gal� ; peak e, �,�,��tri�O�acetyl��,�,��tri�O�methyl-
galactitol ��,�Gal� ; peak f, �,�,�,��tetra�O�acetyl��,��di�O�methylgalactitol ��,�,�Gal�. Under
these analytical conditions, all the expected inositol products remain phosphorylated and are
hence not observable.
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@� ����� intact�

AGL� �6~34)��6� +WM�HX� : m/z

���
	
�P�Qm/z ����	��, +Fig. � � � A, �
B, ��]C ���� ����6�� ?���@#
���6��� ����+I,�+III, ��;�
u]@ WM�HX� m/z ���� � ���� ���P�Q
WM�HX� m/z ���� � ���� ������]CB

��-�DMan Ins� �8:
B� �8

Fig. � Proposed Reaction Schemes of the
Periodate Oxidation of AGL���I�, and
Subsequent Processing Leading to
Erythritol �V�.
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$�H*Man# a�$�H* Gal567 b�$�
H* Gal�# AGL� � E � bF <�A a�$�
H*Man# a�$�H* Gal567 b�$�H*
Gal�# AGL� � E � F < � A a�$ � H *
Man# a�$�H* Gal E �]%8F 567 b�
$�H* Gal�# AGL� � b<�A a�$�H*
Man# a�$�H* Fuc# a�$�H* Gal56
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H*Man# a�$�H* Fuc# a�$�H* Gal

E �]%8F 567 b�$�H* Gal�# AGL�
�<�A a�$�H*Man# a�$�H* Fuc#
a�$�H* Gal E � ]%8F 567 b�$�
H* Gal�^_K�![`%
:�a�bL
���� �����;<�cd���efgh
i�	A#AGL� � E � aF567AGL� � E � bF
�5j�:�a� �Q� Gal Eklmn� Gal

567oklmn� GalF �$�H*IJpq
�� ��$�H*IJ
rDK�s# ���t
uiAGL� � vAGL� � �5j�w\ Gal�
�p �Q�<i� b�$�H* Gal�CDK�

Fig. �� A Final Acetylated Alcohol Product
derived from the myo�Inositol Ring of
AGL�� by Periodate Oxidation.
A, authentic erythritol EaF and threitol
EbF peracetates ; B, erythritol peracetate
EcF derived from the myo�inositol ring
in AGL��. *by�product.

Fig. �� Negative�Ion Linear Mode MALDI�
TOF MS Spectrum of a Periodate Oxi-
dation Product �Scheme�III in Fig. � �
of AGL��.

Table � Possible Substitutions on myo�
Inositols by Mannose in AGL� �

Possible substituted
positions on

myo�inositols of AGL��*

Final alchohl products
derived from substituted

myo�inositol**

�,�
�,�
�,�
�,�
�,�

erythritol
ribitol
glycerol
xylitol
threitol

*Phosphate group is linked to myo�inositol at the C��
position.

**The predicted corresponding final myo�inositol�
derived alcohol products after periodate oxidation
followed by NaBH� reduction, methanolysis, enzymat-
ic dephosphorylation and acetylation.
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Fig. �� Anomeric Proton Regions of the �H�
NMR Spectra.
A : a, AGL�� ; b, AGL��b ; c, AGL�� ; d,
AGL�� ; I, Mana�H��� ; II, Galb�H��� ;
III, Fuca�H���, IV, Gala�H��� ; V, Gala

�H��� ; VI, Gala�H��� ; B : a, AGL����a�,
b, AGL����b� ; c, AGL����� ; I, Mana�H�
�� ; II, Galb�H��� ; III, Gala�H��� ; IV,
Gala�H���. *Fuca�H���.
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Fig. �� Thin Layer Chromatogram of the Reaction Products from the
Mycoglycolipids, AGL�� and AGL�� obtained by Treatment
with a�and b�Galactosidases.
Lane �, AGL�� /from Eringi, P. eryngii0 ; lane �, AGL�� /from
Eringi0 incubated with a�galactosidase ; lane �, AGL�� /from
Eringi0 incubated with b�galactosidase ; lane �, AGL�� /from
Ohiratake, P. cystidiosus0 ; lane �, AGL�� /Ohiratake0 incubated
with a�galactosidase ; lane �, AGL�� /from Ohiratake0 incubated
with b�galactosidase ; lane �, AGL�� /from Ohiratake0 ; lane �,
AGL�� /ohiratake0 incubated with a�galactosidase and lane 	,
AGL�� /Ohiratake0 incubated with b�galactosidase. The plate
was developed in ��propanol/water/ammonia /�� : �
 : �, v/v0 for
� h, and the spots were visualized with orcinol�H�SO�.
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Fig. �� Detection of the Mycoglycolipids hav-
ing a Human Blood Type B Activity by
TLC�Immunostaining.
Lane �, AGL fraction of P. cystidiosus
4Ohiratake5 ; lane �, AGL��a ; lane �,
AGL��b ; lane �, AGL�� and lane �,
AGL��. The plates were developed with
� �propanol/water/ammonia 4�� : �� : �,
v/v5 for � h. The spots were visualized
with orcinol�H�SO� 4A5 and immuno-
staining by anti�human blood type B
antibody 4B5.

Fig. �� Carbohydrate Structures of Type B in
Human Blood Group Substances.
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Fig. �� Thin Layer Chromatogram Comparing
the Mycoglycolipid Patterns among
Seven Fungi.
Lane �, Pholiota nameko �Nameko� ; lane
�, Hypsizigus marmoreus �Bunashimeji� ;
lane �, Pleurotus cystidiosus �Ohiratake� ;
lane �, Pleurotus eryngii �Eringi� ; lane �,
Flammulina velutipes �Enokitake� ; lane
�, Lentinus edodes �Shiitake� and lane �,
Grifola frondosa �Maitake�. The plate
was developed in ��propanol/water/
ammonia ��� : �� : �, v/v� for � h, and
the spots were visualized with orcinol�
H�SO� reagent.
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