1. olo it

As has been &7 some investigators (3,4),

P. multocida e mistaken for other

bacteria due

ation of gram stained
smears or inad L ification technigues.
The results 6f bficfeiio o \\ \‘ steristics in table 9
| scribed by Weaver et

ation of P. multocida.

These charactefisf] . 1 : 1 an not differentiate

which coincid
al (17T} will
between P. mu : human and animals.

Our res “dn A dicate that P. multocida
grows y—— :* containing sheep
blood. Nutriﬁt 'epﬁalnod is not suitable

enough for the €uydtivation P. multocida since human

sraine b bl REIN THB AT reces eroen. 2

additlun, human blood fis unsatiefactory topuse because 1t
cnna wmqnﬁmu‘mqgmﬂq a&l the growth.
The sizes of colonies vary with the capsular serotypes.
Type A organism has the biggest colony whereas type B and
E are the smallest. By examining under a light microscope,
type A has thicker capsule than other serotypes whereas
type B and E seem to be thinner. This observation is

gimilar to the work of Jacques and Foiry (15) who
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demonstrate by wusing an electron microscope that the
capsules of type A are about three times thicker than
those of type D. However, no evidence of capsular sizes of
tyep B or E has been reported.

Biochemical characteristics of P. multocida human

and animal strains she table 9 are identical except
for the fermentaif-“QL - SOwE _efrbohydrates. The results
herein show mentdtion seems to correlate
with serotypes ell as vaccine strain
8:A are xvlosegfies W "*  as a. f rotype 3, except one
: wr finding correlates
with that of H | '.1';. wh =;ﬁ demonstrated that
not dulcitol whereas
serotype 1 has th kion. 1In addition, we
have shown that du can not be used

to differen,wp

2 olo al eston svstem

ﬂ‘LlEJ’JVIEJ‘VIﬁWEJ\’Iﬂ’i
_An_ula.r_ﬂgg.a

q R AT HAVIRUREEY srvscrion

of ¢ psular typing antisera A and D for the IHA test is
unsuccessful. Early studies (8,51) have revealed that the
difficulties in the production of these antisera are due
to the inert materials in the capsules. The studies on the

chemical nature of capsular tvpe D are hitherte lacking.
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However, it is known that the capsules of type A possess
copious amounts of hyaluronic acid and possibly several
other capsular polysaccharides (9,10,105). Pure hvaluroniec
acid is not antigenic. Therefore, capsular polysaccharides

act as immunogens when ociated with proteins or other

antigens (106). have suggested that

capsular hyvaluronae 3¢ with antibody production

and antigen a 8). It has been shown

in in vive ob

mucoid strai

inject repeatly with

\* sfi"fail to produce an _
’\\ \ est (68). However,

enzyme to overcome

antibody tha
some investig
the action of h >nd -“_ -;;,: ' “' 1,99,107) or change the

\
antisera produc himal species (51,108). Our
study prefers togiise- N slogical tests which have
{4 the P. multocida
,11@.

On thefgentrary, high titers of antisera B and E

ove vefl U ANENINEIN T 1o e o 00

dlfferences between thé nature of, capsulargantigen B and E

andq m’] aﬁ ﬂlrim m’] quyl Elllaeal of type B

and E contain protein, polysaccharide and LPS but no

been known tio

capsular type E and

hyaluronic acid (12). Their immunogenicities are
different. Their polysaccharides when coupled with
proteins will become a good immunogen for antibody

production and result in a high titer. Our results are
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in agreement with those of Sawada et al (108) who
demonstrated similar results of a high titer of antisera B
and E.

It is noted that many kinds of animal red blood:

cells can be used for the sensitized phase in the IHA test

(68). Our study prefers red blood cells group O to
sheep e & contain no heterophile

IHA test. If animal red

antigen which
blood cells ssary to absorb the
antisera withk ] cells to get rid of
the heteroph ing them as typing
antisera.

Hyaluronddas : _i‘-r> = demonstrated better on
DSA than TSB. ; SA contains carbohydrate
which promote [ capsular polysaccharides
and hyalu;‘~, ' TSB contains no
carbuhydraté “ : nm is dependent on the
capsule prndu&tinn organism itself. This

ohsemtﬂnuﬂ'my%s@qu A i

Rhoades {gk,lll} but dlffers frn work of
QA ) TN I AARBIA e on 7o
he performance in the acriflavine test is
dependent on the growth of the organism. Carter and
Subronte (11) have explained that the flocculation is
possibly due to the capsular polysaccharide of type D

strain which has physical characteristics resembling those
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of the Vi antigen of Salmonella typhi strains. According

to our results, we therefore recommend testing with a
heavy growth of overnight culture, otherewise false
negative reaction may be read.

able 11 show that P. multocida

Our results in

type B and E any isolates from human,

pigs or poultr serotypes are usually

£4, pizootic hemorrhagic

d’iﬁf QQSQS:::; cattle bison and
=¥ \\\\\ ave been reported in

is not observed(83).

recovered fre
septicemia
buffaloes (1€

-

water buffaloe

2.2
using somatic typing
antisera in., tablE® ~13  are feren from those using

reference tﬂ, Ey tnb1e 14, Only the

results of l&va z

ISOIEtEBﬁu dimilar. By Qusing somatic typing antisera,

e AU SN S i
AR R o

by both antisera. There are several explanations for these

uiﬂ human and poultry

differences. First, both antisera are produced in
different animal species. Our antisera have been produced
in rabbits whereas the references have been developed in

chicken (73, 76, 112, 113). There may be species
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differences in response between rabbits and chicken when a
formalin-killed preparation of P. mgliggihg is used as
inoculum. The certain antigenic determinant may have been
altered and cleaved by rabbits that respond differently

than chicken (114). Second, the nature of heat-stable

antigen is closely to LPS-protein complex (73).

The specificity o fet] tems to reside in the LPS
which is the maj gpon " the type specificity

serotype contains

‘X\ \.\‘ =to-3-deoxyoctonate,

(73,115). Th

different

heptose and 1} '_ xﬁqﬁk., heir common antigens
may cause ' s,*ff, etween serotypes as
demonstrated by T ’ = S ~and Brogden and Reber
{75). In additi 7:,*i? in analyvsis on SDS-PAGE
(Figure 8) least twelve common major

protein de__al L — ns and the'protein profiles of
serotype Therefore, cross-
reaction among ‘3erotypes nar be possible. Third, somatic

typing FFHEH ?%8‘”%%1861@]% this study have

been pre red from th? common stralns amntg the isclates
ot B DY PRI RVIR DN BRS¢ s v
prepared by immunizing with CU strain which possessed
antigen 3 cross 4 (Table 12). However, we can not obtain
only the antiserum type 4 because the titer of antiserum
tvpe 3 is too high to be absorbed.Thereby,all the isclates

have been typed by both somatic typing antisera types 3
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and 3x4. Any isclates that react with both typing antisera
are serotype 3,4 whereas serotype 3 reacts only with
antiserum type 3 even though they possess neither antigen 3

nor weak antigen 3 and 4. Finally, it has been proposed

that comparison of P. multocida serotypes is unable to

reliably correlate af the several methods used

to serotype P. mgg;ujﬁ | Tis lack of correlation
of P. multocida in

which only the _ SE I usually the same from

is due to the

test to test results, serotype 1,3

has serotype “when typed with both

antisera where ditional serotype when

somatic typing
Nevertheless precipitin lines

concave towaxd e antise s »1 and 3 have been

observed by@ﬂ?n' the s ;Fﬁ: antisera. These

precipitin ls are derive
A A AR
OV 11 P Lo 11015 T,

lines are wusually found in mucoid strains of type A
s

especially in pigs, but can not be detected in decapsulated

d from tﬂh residue of capsular

"blue"colonies. The cell wall antigens are classified into
three different kinds (77,78,79). Frﬂntigen is the part of

capsular antigen, o -antigen also resides in the capsule
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and is antigeniec whereas E-antigen is responsible for
the O-somotic antigen of Namioka and Murata when HCl
treated cells are used in antigen preparation. It has
been suggested that the o¢-antigen is extremely difficult

to separate and sufficient amounts probably remain in

crude cell wall preparatis

In the preSeant in n we have extracted the

heat-stable antigehwsfTom h%ﬂ colony on TSE which

was subcultureg #s.for 24 hr incubation.
The number of sin this circumstance
(115), oid strains still
posSsess an o¢-ajl of capsule left after
extraction. only been observed
when undiluted i d 3 were used whereas
this reaction ated by using diluted
antisera. ——"——;
. . Y )
Our daﬁ le ,, 13 and 14 strongly

suggest that Vﬂt‘aﬂlne strain 3 A prepared from local strain

and two ﬂ%ﬁf}% Htﬁﬁsngqﬂﬁd from ducks are

Heddlestu s type 1 a.nd‘du not ferment xylose. Our results
conaawi}a@ﬂi:gu%}%q’a ﬂ%’}ﬂ 851 who have
demunstrated that the Namicka's 8:A serotype is usually
Heddleston's type 3.In addition, Fujihara et al (118) have
demonstrated that wild duck «in Japan are Namioka's
type 8:A and Heddleston's type 3 and ferment xwvlose.

These different results may be due to the antigenic
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complexity (115), the nature of antigen involved in each

test and the different typing system (72,73,115).

2.3 P. multocida serotypes

The methods serotyping the P. multocida

isolates wused in tk
used in the United.Sta (13&Y, diowever, it is necessary
to confirm its teristics before the

serotyping is oned, LPS is a major

component of . This LPS contains
lipid A, 2-keté-3#ddokyocionate, ept se and glucose which
am negative bacteria

( |
(112). Therefore ~'osgﬂ{5a:! vit an be observed if non-

The pes from isolates of

human and ;%ﬁ &l :‘*een identified as
type A:1,A:3 éﬂh ATy

serotypes are détected as webl. It has been suggested that

mmﬂu Bivahit EhMdicd Wb “dedbbidar  antigens ana

ypigle capsular or somatic

hyalur acid theréfore, tkey can nef be typed by
emﬂf LASNIUHNBIANEAAL. (115). 1n
addition, the untypable strains still remain untypable

even though they are passed into mice (119). This
untypable strains should be further studied since
additional serotypes may be encountered (51,76). The

frequent occurance of serotype 1 and 3 are suggested to
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call for an introduction of additional methods for their
subdivision.

Our results in table 10 show that obtained
reference strains type 6,8,13 and 15 are untypable. As has

been examined by Jasmin nethod, these obtained strains

described herein have

revealed that ti erns of all strains show

most bands indistis s electrophoretic mobility

and intensitie _as examined ;.,m;,‘ eve., However some
\
differences iiﬂ : : mnr protein bands are

seen. These dafferences seen to correlate with certain

serotype ﬂ %Eﬂ ’}Qﬂagﬂnﬁa‘w E.j[q:ﬂzﬁ serotype 3,4

(Figure g! lanes K, ‘L. I, q, D and R res ectively) and
— ma&mmmmmmaﬁ b, denee
and is known that the two major somatic antigens
exposed on the cell surface of P. multocida are LPS and
proteins (73) which reside mostly in the outer membranes,
and some locate in the inner membrane and cytoplasm (86,87).
These proteins can be used for examining the similarities
at the surface which is useful in the classification or

clusters them into groups (120).
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In the study by Barenkamp et al (121), the outer
membrane proteins of Haemophilus influenzae type b have
been prepared from the whole cell sonicated extracts and
are classified into nine categories according to their

reproducible and clearly resolvable differences in the

outer membrane pro ‘/s. By the study of Krester

éammm@ sonicated
extracts of twice ce i fugations have been clustered into
three groups h\! \ of electrophoretic

L using the method of

and Ley (122), t

protein patt
Barenkamp et sly demonstrated the
different memb ins betwes 7 CU strain and other
nine P. } ‘rains. Their results
confirm those of [lustrate the different
protein patterns of ,.} ] “ in figure 8, lanes I1,Q,0
and R _;f:::*-:‘,-'——-——.::i?:;;.ﬁ;“ :J— ‘otein profiles of
serotype A:1l aﬂl 1fferentiated. It is
possible that ‘t.he separatinn of whole cell sonicated

extracts ﬂx‘u Hr’}%w %' w m ﬂﬁﬂble enough for

he s;tudﬂ on the d1§ferences among str ns of certain
W’lﬂ\ﬂﬂ‘im umwmaa
is difficult to conclude that the differences
of the protein patterns among strains correlate with the
origin of the isolates since only some variations in
intensities of minor protein bands are examined between
the common serotypes A:1 and A:3 (Figure 8, lanes B
through H) and human reference strain A:12 (Figure 8,

lane J).
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Table 8 Physiological characteristics of P.multocida

Charac-
eristics

Types

Colony features on TSB

Morphology

Type A

Whitish,opaque,mucoid,
tire edge,

sunw;'

Type B

Type D

RBIAINS

ete:’/ﬁnnlyt1c

ruq *eenish

e e L

hemolytic.

ﬂUEJ’WIEWIﬁWEJ’m'i
Lﬁl&llmw]ﬂ'h

whiter, not as mucoid
as type A and D. Non-

hemolytic.

Gram-negative
coccobacilli with
capsules, arranged
in singly.

Gram-negative,
pleomorphic,
coccobacilli or
short rod with
capsules, arranged
in singly
Gram-negative,
pleomorphic,
coccobacilli, rod
or occasionary
short or long
filaments were seen
arranged in singly
o/

pchain :
ggﬂ-negative
coccobacilli with
capsules, arranged

in singly

=

by Gram staining
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Table 9 Biochemical characteristics ofP. multocida

Sources |Reference|Vaccine |Human |Pig Poultry |total [per cent

strains |strains|strains|strains|strains|(91) |positive

Tests (15+44) = (17) (23) (29)

(3)°

1.Hemolysis on 0 0 0
TSB
2.Growth on :
MacConkey 0 0 0
58 0 0 0
3.Capsules 29 91 100
4.Motility 0 0 0
5.Fermentative F 91 100
J/oxidative
6.Gas fron [Pttt 0 0 0
glucose
T.Acid from 3 _ 29 91 100
nmﬂ‘NEJ'J‘VIIEJVI wmm
Iannitnl 174, | o289 91 100
qmmmmu IVINGVRE | o | o
10%lactose 0 0 0 0 0
sucrose 19 3 17 20 29 88 96.70
maltose 0 0 0 0 0 0 0
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Table 9 (continued)

Sources |Reference (Vaccine |Human |Pig Poultry|total [per cent
strains |strains|strains|strains|strains|(91) |positive
Tests . (15+44) = [(3)e (17) (23) . | (29)
mannose 23 29 91 100
arabinose 24 33 36.26
dulcitol 0 2 2.20
xylose* 3 |53 | 58.24
8.Catalase 29 91 100
9.0xidase 29 91 100
10.Simmon 0 0 0
citrate
11.Urea 0 0 0
Christensen’s .
12.Nitrate 1 3% 29 91 | 100
reduction . 7
13.Gas from O, - 0 o 0 0 0
nitrateﬂﬂq HVI 1
14.Indole 19 3 ; | 23 | &9 91 100
.78 W § quuwm Vbl | V&) [ o1 | 100
16.MR 1 0 0 0 0 0 0 0
17.VP 0 0 0 0 0 0 0
18.Gelatin 0 0 0 0 0 0 0
hydrolysis
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Table 9 (continued)

Sources |Reference|Vaccine |Human |Pig Poultry |total |per cent

strains |strains|strains|strains|strains|(91) [positive

Teste (154 4)a (17) (23) (29)

19.Growth at

25 C 29 91 100
37:C 29 91 100
42 C 29 91 93.40
20.Esculin 0 0 0
hydrolysis
21.Lysine 0 0 0
decarboxylase
22,0rnithine 29 91 100

decarboxyla - =

wmnf U AENTNLNNY
Mm\m‘smu 'nmné’a o | §

4 capsular types : A,B,D, and E; 15 somatic types = 1-16 except type 4.

-2
[

3 vaccine strains : CU, 8 : A, and 6 : B

all serotype 1 are xylose negative



Table 10 Results of capsular serotyping of P. multocida

reference and vaccine strains as determined by

IHA and non-serological tests.

IHA test* using

capsular antisera ® of

Non-serogical tests

Cultures of Results
Acriflavine

*#Type A(P-1059) - d A
#*Type B(M-1404) - B
**Type D(P-3881) + D
**#Type E(P-1235) - E
Type 1 (X-73) - A
Type 2 (M-1404) - B
Type 3 (P-1059) - A
Type 5 (P-1702) - A
Type 6 (P-2192) - untypable
Type 7 (P-1997) r E
Type 8 (P-1581) - untypable
Type 9 tp—znga]l = A
Type 10 (P-2100) IU . - A
Type 11 (P-903) | - = + D
Type 12 (P- ?ﬂ ‘a - + - A
Type 13 | 9 Ej CJ V] EJ Vl-j' WIEJ"—] ﬂj g untypable
Type 14 (P-2825)| - g e + a A
s nensy |-
Trpeg -272 - m -] a H A
Cu = = + - A
B: A - - + - A
6 : B 4096 - - - B

a = Titers are expressed as the reciprocals

b = No hemagglutination at dilution 1:2

c = positive

d = negative

* = Type A and D are negative

** = Strains used for standardization of the methods
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Table 11 Results of capsular serotypes of P. multocida

from human, pig, and poultry strains.

Number of findings
()= Human Pig Poultry Total
Types - 4;“"
A 1%) | 19(82. 61426 (86. 22%) [55(79.71%)
B | - -
D . ‘ W 9(13.04%)
E 4. T | - e
Untypable (4. 88%) 13.78%) | 5(7.25%)
Total number : A { 69
of strains 2%/

AULINENTNEINS
RIRINIUNRINE Y
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Table 12 Results of somatic serotyping of P. multocida

reference and vaccine strains as determined by

GDPT.

Culture extracts

Reference typing

antisera

Somatic typing
antisera
(type 1,3,3x4,12,13)

Tyvpe
Tvpe

W1

6 : B

1235)

aN

Type 1 (X-73)
Type 2 (M-1404),
Type 3 (P-1055
Type 5 (P-1702¢
Type 6 (P-219
Type 7 (P-199T7)
Type 8 (P-158
Type 9 (P-2085
Type 10 (P-2100
Type 11 (P-903)
Type 12 (P-1573)
Type 13 (P-1591
Type 14 (P- 2298
Type 15 (P-

Type 16 (P-2788
Type

A (P-1059), _

3R

NIz
N

pr——

-

X

'l
I

NIPARINY

2

o
NI WG

=b

3=

12
13

3#

168 50

not

n

B O O P

done

negative result

also positive with antiserum type 3x4

also positive with antiserum type 3




Table 13 Results of somatic serotyping of P. multocida
from human, pig, and poultry strains using

reference typing antisera.

Number of findings

()a g Poultry Total
Serotypes D |

1 €Tat 01 *%ata‘hl; (93.10%) |33(47.82%)

3 17(24.64%)
1,3 | -

% S | fi-fJ; )f\2(6.90%) (12(17.39%)
1,3,4 -

12 -
3,12 -
1,3,12 | -..,—— -
3,4,12 *C 2(2.90 %)
4,7,12 5 3(13.04%) 3(4.35 %)

=g AR Inenay |

df strains

RN 30 m’a‘rmé"ﬂ .

( ) = per cent of findings



Table 14 Results of somatic serotyping of P. multocida
from human, pig, and poultry strains using

immune typing antisera.

Number of findings

{ )e e Poultry Total

Serotypes ,¢$==='

1 i 1 RN 89.65%) [32(46.38%)
3 , %3] 626 ' .45%) | 9(13.04%)
1.5 4 | 762) 44 (A1, B4 3.45%) [14(20.29%)
3,4 . (8. O 6(8.69 %)

1,3,4 % . 1(3.45%) | 2(2.90%)
12 f %—7, - | 101.45%)

3,12 %) - 1(1.45%)
1,3,12 i 28y J 3(4.35%)
3,4,12 | - -
4,7,12 - - o =

w8 DA SNENAT | room

ﬂ%’“}@@ﬂ‘im BRINHAE o

u strains

{ )2 = per cent of findings



Table 15 Results of P. multocida serotypes from human,
pig, and poultry strains in Thailand, using

reference typing antisera in GDPT.

Number of findings
{ )= Human Pig Poultry Total
Serotypes
A:l 25(86.20%) |30(43.48%)
A:d ) - 17(24.64%)
A:1,3 -
A:3,4 - 8(11.58%)
A:1,3,4 - e
D:1 - 1(1.45%)
D:3 = -
D:12 - &
D:1,3 = -
D:3,4 - 1(1.45%)
D:3,12 - =
D:1,3,12 -
D:3,4,12 . 2(2.90%)
D:4,7,12 y e 3(4.35%)
D.untrpable L ] 2(2.90%)
Untypable : (6.90%) | 2(2.90%)
Untypab -
Untypabﬂ uzj {nﬂ)w jw EJ Qfﬁl 3(4.35%)
Untypable : 1,3, o - ot -
Tofal number 1 23 9 69
of strains

( )@ = per cent of findings



Table 16 Results of P. multocida serotypes from human ,
pig, and poultry strains in Thailand, using

immune typing antisera in GDPT.

umber of findings
- Human Pig Poultry Total
Serotypes

A:l 24(82.75%) |29(42.02%)
A:3 - 7(10.14%)
A:1,3 (3.45%) [12(17.39%)
A:3,4 - 5(7.25%)
A:1,3,4 1(1.45%)
D:1 1(1.45%)
D:3 1(1.45%)
D:12 1(1.45%)
D:1,3 2(2.90%)
D:3,4 =
D:3,12 1(1.45%)
D:1,3,12 3(4.35%)
D:3,4,12( 3.4 -
D:4,7,12/ = L
D:untypabl 7 1(1.45%)

Untypable : 1 - (6.90%) | 2(2.90%)

¢ Y

Untypa u fj ‘ y ﬁﬁ:} 1(1.45%)

Hntrpaﬁ ﬁj JJ:HV ﬁw E] ] - 1(1.45%)

Untypable : 1,3,4 = 1 -a | 163 45%) ,0 1(1.45%)

T8tal number
of strains

( )2 = per cent of findings



TABLE 17 Protein concentrations of whole cell sonicated
extracts of P. multocida selected strains used

for SDS-PAGE

Strains Protein concentrations mgh

=\ W;V
1. TECH - 177/31 8 ‘,,—l' 286.47

2. Type 1 |( 559.89
3. TECH-965/ 572.92
4. PM 1020 690.10
5. V-2 768.23
6. CU 911.46
7. Type 12 (P-, ‘“*;_‘;: ' 1080.73
8. Type 3 {p—1i*éx§;;g§§; 1223.96
9. TECH - 2 77 7 1289.06

10. Type B ‘;”
V.

- lﬁhmmm wmﬁfss 4
S ATARINTAIN wwmaaﬂ

17. AC-01 1718.75
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Figure 2 Coleax -'_entre of P. mu ida type A reference
straiﬂ on TSBNEE J.’J

AUEINENINGINS
AMIANTUNNINYAY



Mﬁﬁﬂﬁ“ﬂﬁﬁ%’ﬁﬁ*ﬁﬁfp B
QRAIN TN INY1AD
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Hyaluronidase

Figure 4 Hvaluronidase test
.4 o X oéida | Gvipe A Mshfeg | he diminution of

growth at the intersection of the two organisms (+)

whereas other types show no reaction (-).
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\Z_ X
J g
Figure 5 Acriflavine test

Pl Eﬂlﬁﬂsiﬂi' type D 'sheds la’ | héavy flocculant

precipitate (+) whereas other types show no_,reaction (-).
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; . f
well. Antigens 51 2,3,4,5) are placed in the outer wells.

AL FRUNG WEHARGn s e 2

between e antigen- apt1bndy wells an earer to the

RN I 9179 EJ’] a d

szjlaced in the center



Number of findings

X,

o B o
e R

0 4
15 4
207

25«
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— (a)
I & =~ M
2=t
z/ \ (b)
W - 4 \
Al A3 A3 A3 % “0 RTk e D3,4 Ofher Untypable
Figure 7 Dis ﬁ_,r utiol ‘rnt‘s‘pes from

7 stralins in Thailand.

human Big and

Eiu ﬁﬁng referericé typing antisera in GDPT.

mmz.mmmn LA
aw?&@’haﬁﬂw“\“‘“‘ﬁma
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A B CDEFG HI JKULMNDOGDODPOGR
L. . 150 K
205K 140 K
16K 100K
I | g— E5 K
66 K— T6 K
72K
58 K
45K
s
e
29 K— a0 K
36.5K
29.5K
Figure SDSePACE T - —lroe d*patterns from differnt

he 1&;& reprESEn the following strains

mecuhﬂwgﬂ%ﬁijmﬂ@ v <k

D, TECH- 1 /31 (A:1); Eg type 3 '3]. F, PM,1020 (A:3);6G,

reciblst/ BN Bl J A 'ﬂ BEARD) 5, wperz
(A: 12}, K, type B (B:2); L, 6:B (B:2); M, tyvpe E (E:2):
N,type D (D:3,12), O,PM 1002 (D:3,4); P,TECH-2 (D:3,4,12);
Q,AC-01 (A: 3,4); and R, PM 3011 (untypable : 3, 4). The
numbers on the left are the MWs of the markers and on the

right are the MWs of the unknowns.
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A BCDETFG HI JKLMNOPOR

122.5K
16K
97.4K
66
66K K
45K 33 .5K
kK
2K
f 30.5 K
Figure 9 SD A P Ot e s ofJnhole cell sonicated

diﬁse bands of P.

multoci

4 TN G ome ot

mnlecular weight markers; B, t e 1 (A: 1} C, V=2 (A:1);
0. A b oY ﬂﬁ@ﬂﬂ%’]@ KD PSR 1020 o

G, TECH 965/31 (A:3); H, 8:A (A:1); I,CU (A=3,4); J,type 12
(A:12); K, type B (B:2); L, 6:B (B:2); M, type E (E:2); N,
type D (D:3,12); O, PM 1002 (D:3,4) : P,TECH-2 (D:3,4,12);
Q,AC-01 (A:3,4); and R, PM 3011 (untypable : 3,4). The
numbers on the left are the MWs of the markers and on the

right are the MWs of the unknowns.
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