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Study for the structures of the HA complexes produced
by Clostridium botulinum type A mutant strain

Shaobo Ma

Department of Bacteriology, Okayama University Graduate School of Medicine,
Dentistry and Pharmaceutical Sciences, Okayama 700-8558, Japan

Clostridium botulinum produces seven neurotoxin (NTX) serotypes, classified from as A to G. In culture, NTX
forms protein complexes by association with non-toxic components, such as nontoxic-nonhemagglutinin (NTNH) and
hemagglutinins (HA1, HA2, HA3). C. botulinum serotype A produces three types of toxin complexes, M-toxin (NTX

and NTNH), L-toxin (M-toxin and HAs) and LL-toxin (dimer of L-toxin) .

In this study, I found three HA complexes

in the culture of a nontoxigenic mutant serotype A lacking ntx and ninh expression. The HA complexes displayed
similar banding patterns on SDS-PAGE, but the staining intensities of the HA1 and HA2 bands were different. In
addition, their native-PAGE banding profiles exhibited different behaviors. The large-molecular-size HA complex
showed the highest activity, similar to that of an L-toxin. Based on the combined results of the PAGE and gel-filtration
profiles, the differences in molecular size among the three HA complexes were thought to be caused by different
numbers of HA1 and HA2 molecules. This paper reports for the first time the purification and characterization of a
native HA complex of serotype A, and suggests that the HA can form complex structures without NTX and NTNH.
This may help in understanding the toxin complex assembly pathway.
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FLPOVIE TR L 75T

FLRRTRCA A HHEE LT I BRICY 2 12K HA oG FRZEM L, HSITRLIZATHIES W TEEGRO T FRE G L7,
“SDS-PAGE &, &% ¥ /37 BN FORsRE ¢ MR 7 b Image J & AV CEUEAL L 7218,

HAI

HA3

S-HAs
(HA1:HA2:HA3=2:1:3)

5 HAMEHKROYTL=y MG

M-HAs
(HA1:HA2:HA3=4:2:3)

L-HAs
(HA1:HA2:HA3=6:3:3)

KURLAY T2y PP S HABEGKZETVLLZ, H 722y PO E 4 &3,

Hasegawa'® 5, Arimitsu 5%,

141

Nakamura 5% O#fiE% 5% & L.



BEB INEHFTL LI, Ao HA HEK D HAL
DBF DB T 2125 > THABEMEDE L 2o Tz
(#1). T/, HELEF T S-HAs 7% lactose 71 T AZHES
TELnol2BR b, BENKTOHAL D% LT
EIDBMEDP o722 EDRERD—DTHo72EZHND.
$72, A-62A Kk (BFPAERR) o, fEaio LHER
LL #% LA U SDS-PAGE /N> F28% — v 2 R$H, 40T
BEVRLIEEREROTBY (7= RKEWR), SHOME
MTRELZI)ZRHADOY 722y MO EL LZHH
DAMBHEBEAENGFEEL TV L EE bR L, HAL %
HA3bZ7 ¥ 2/ b & LTl & NTX Juih2sieE s
FTNEVIERP BB RIMETHRE SN TV LY, AR
BIUBMOBHEEAMIIBICHA E LTHHINTS
N, SRoOERE S EIZATZT TR BROBEBREENR
WZOWTHFEMISHT L T RS D L b s,

A B XU BAENTX & X 8K SR &2 AT & T lL
[%2%  Protein Data Bank (Z13i&H 1 N A 4 > % Hr01290 8L
OO NTX BT — ¥ RIS Tn5, —F, 5y
YOS EREIZOWTE, BBlO HA SRS D 5 DORT
BHp0HBEE Z XY, FEARETH S NTX & il
FEOBEDIIR SN TV B, HEOREE L D MR
BT HIIEEERL XV TOWIEPLERT R TH
5. HE, ATIERITEANL S NIRBEAE RS2 Lotk
BRERBERICHV LN TWEY, ZolsHEHIZS %5
Ko TV A, HEEICHE L CEIAHL SR ICS
W, ARWEZE CREREICB T 2 A S B O -2 ik, &
D REREIRIZO BN DL EWIfFCE B,

5

=

AV X AARBES LS S HA IE, NTX % NTNH 5%
TFHELRS TCOEEREIER TS 2 L, BLXUHASIZ
HAL % HA2 %4 L THeR12E A0 HA HEEK L 2 51
R DRI S 7.

E i

KFTEHAT I S hT2 Y, I H I o 72 LK K b 3
TR RHR TSR O/ NER 8IS ISR L 2. £/, BB
FEERD T % TH 72 AR OB A S5 R L $ 5.

4 23

&

1) Sugiyama H : Clostridium botulinum neurotoxin. Microbiol Rev
(1980) 44, 419-443.

2) Oguma K, Fujinaga Y, Inoue K : Structure and function of
Clostridium botulinum toxins. Microbiol Immunol (1995) 39,
161-168.

3) Montecucco C, Schiavo G : Tetanus and botulism neurotoxins :
a new group of zinc proteases. Trends Biochem Sci (1993) 18,

142

324-327.

Sakaguchi G . Clostridium botulinum toxins. Pharmacol Ther
(1982) 19, 165-194.

Oguma K, Inoue K, Fujinaga Y, Yokota Y, Watanabe T,
Ohyama T, Takeshi K, Inoue K : Structure and Function of

4

N

5

~

Clostridium botulinum Progenitor Toxin. ] Toxicol Toxin
Reviews (1999) 18, 17-34.

PRIO% = Ry ) X AW B ORE & ikRe. HAEE (1988) 43,
951-960.

Matsumura T, Jin Y, Kabumoto Y, Takegahara Y, Oguma K,

6

N>

7

~

Lencer WI, Fujinaga Y : The HA proteins of botulinum toxin
disrupt intestinal epithelial intercellular junctions to increase
toxin absorption. Cell Microbiol (2008) 10, 355-364.

8) Couesnon A, Shimizu T, Popoff MR : Differential entry of

N

botulinum neurotoxin A into neuronal and intestinal cells. Cell
Microbiol (2009) 11, 289-308.

Suzuki T, Watanabe T, Mutoh S, Hasegawa K, Kouguchi H,
Sagane Y, Fujinaga Y, Oguma K, Ohyama T:

9

~

Characterization of the interaction between subunits of the
botulinum toxin complex produced by serotype D through tryptic
susceptibility of the isolated components and complex forms.
Microbiology (2005) 151, 1475-1483.

Hasegawa K, Watanabe T, Suzuki T, Yamano A, Oikawa T,
Sato Y, Kouguchi H, Yoneyama T, Niwa K, Ikeda T, Ohyama

T © A novel subunit structure of Clostridium botulinum serotype

10

=

D toxin complex with three extended arms. J Biol Chem (2007)
282, 24777-24783.

Lee JC, Yokoyama T, Hwang HJ, Arimitsu H, Yamamoto Y,
Kawasaki M, Takigawa T, Takeshi K, Nishikawa A, Kumon
H, Oguma K : Clinical application of Clostridium botulinum type

11)

A neurotoxin purified by a simple procedure for patients with
urinary incontinence caused by refractory destrusor overactivity.
FEMS Immunol Med Microbiol (2007) 51, 201-211.

Laemmli UK : Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature (1970) 227,
680-685.

Arimitsu H, Inoue K, Sakaguchi Y, Lee J, Fujinaga Y,
Watanabe T, Ohyama T, Hirst R, Oguma K : Purification of

fully activated Clostridium botulinum serotype B toxin for

12)

13)

treatment of patients with dystonia. Infect Immun (2003) 71,

1599-1603.

Henderson I, Whelan SM, Davis TO, Minton NP . Genetic

characterisation of the botulinum toxin complex of Clostridium

botulinum strain NCTC 2916. FEMS Microbiol Lett (1996) 140,

151-158.

15) East AK, Bhandari M, Stacey JM, Campbell KD, Collins MD
Organization and phylogenetic interrelationships of genes

14)

encoding components of the botulinum toxin complex in
proteolytic Clostridium botulinum types A, B, and F © evidence
of chimeric sequences in the gene encoding the nontoxic
nonhemagglutinin component. Int J Syst Bacteriol (1996) 46,
1105-1112.



16)

17)

18)

19)

20)

21)

22)

23)

Ohyama T, Watanabe T, Fujinaga Y, Inoue K, Sunagawa H,
Fujii N, Inoue K, Oguma K : Characterization of nontoxic-
nonhemagglutinin component of the two types of progenitor toxin
(M and L) produced by Clostridium botulinum type D CB-16.
Microbiol Immunol (1995) 39, 457-465.

Tsuzuki K, Kimura K, Fujii N, Yokosawa N, Oguma K : The
complete nucleotide sequence of the gene coding for the
nontoxic-nonhemagglutinin component of Clostridium botulinum
type C progenitor toxin. Biochem Biophys Res Commun (1992)
183, 1273-1279.

Marvaud JC, Gibert M, Inoue K, Fujinaga Y, Oguma K, Popoff
MR : botR/A is a positive regulator of botulinum neurotoxin and
associated non-toxin protein genes in Clostridium botulinum A .
Mol Microbiol (1998) 29, 1009-1018.

Kouguchi H, Watanabe T, Sagane Y, Sunagawa H, Ohyama
T In vitro reconstitution of the Clostridium botulinum type D
progenitor toxin. J Biol Chem (2002) 277, 2650-2656.

Mutoh S, Kouguchi H, Sagane Y, Suzuki T, Hasegawa K,
Watanabe T, Ohyama T . Complete subunit structure of the
Clostridium botulinum type D toxin complex via intermediate
assembly with nontoxic components. Biochemistry (2003) 42,
10991-10997.

Nakamura T, Kotani M, Tonozuka T, Ide A, Oguma K,
Nishikawa A : Crystal structure of the HA3 subcomponent of
Clostridium botulinum type C progenitor toxin. ] Mol Biol
(2009) 385, 1193-1206.

Arimitsu H, Sakaguchi Y, Lee JC, Ochi S, Tsukamoto K,
Yamamoto Y, Ma S, Tsuji T, Oguma K : Molecular properties
of each subcomponent in Clostridium botulinum type B
haemagglutinin complex. Microb Pathog (2008) 45, 142-149.
Arndt JW, Gu J, Jaroszewski L, Schwarzenbacher R, Hanson
MA, Lebeda FJ, Stevens RC : The structure of the neurotoxin-

143

24)

25)

26)

27)

28)

29)

30)

AV ) XA ARREDPEAT S HA ORE - 5 Al

associated protein HA33/A from Clostridium botulinum suggests
a reoccurring beta-trefoil fold in the progenitor toxin complex. J
Mol Biol (2005) 346, 1083-1093.

Inoue K, Fujinaga Y, Honke K, Arimitsu H, Mahmut N,
Sakaguchi Y, Ohyama T, Watanabe T, Inoue K, Oguma K :
Clostridium botulinum type A haemagglutinin-positive progenitor
toxin (HA(+)-PTX) binds to oligosaccharides containing Gal
betal-4GlcNAc through one subcomponent of haemagglutinin
(HA1) . Microbiology (2001) 147, 811-819.

Nakamura T, Tonozuka T, Ito S, Takeda Y, Sato R, Matsuo
I, Tto Y, Oguma K, Nishikawa A : Molecular diversity of the
two sugar-binding sites of the S-trefoil lectin HA33/C (HA1)
from Clostridium botulinum type C neurotoxin. Arch Biochem
Biophys (2011) 512, 69-77.

Lee JC, Yokota K, Arimitsu H, Hwang HJ, Sakaguchi Y, Cui
J, Takeshi K, Watanabe T, Ohyama T, Oguma K : Production
of anti-neurotoxin antibody is enhanced by two subcomponents,
HA1 and HA3b, of Clostridium botulinum type B 16S toxin-
haemagglutinin. Microbiology (2005) 151, 3739-3747.

Lacy DB, Tepp W, Cohen AC, DasGupta BR, Stevens RC :
Crystal structure of botulinum neurotoxin type A and
implications for toxicity. Nat Struct Biol (1998) 5, 898-902.
Swaminathan S, Eswaramoorthy S . Structural analysis of the
catalytic and binding sites of Clostridium botulinum neurotoxin
B. Nat Struct Biol (2000) 7, 693-699.

Inoue K, Sobhany M, Transue TR, Oguma K, Pedersen LC,
Negishi M : Structural analysis by X-ray crystallography and
calorimetry of a haemagglutinin component (HA 1) of the
progenitor toxin from Clostridium botulinum. Microbiology
(2003) 149, 3361-3370.

Aoki KR : Botulinum toxin : a successful therapeutic protein.
Curr Med Chem (2004) 11, 3085-3092.



