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�v�|�u�†�1�|�†�u�-�t���o�u���=�†�m�1�|�b�o�m�-�t���v�|�†�7�b�;�v�:
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 � � � � � & � ! � � � � � •�J�"�†�u�=�-�1�;���1�_�-�u�]�;���7�b�v�|�u�b�0�†�|�b�o�m��
�o�=���v�;�t�;�1�|�;�7���������!���_�;�-�7���v�|�u�†�1�|�†�u�;�v�:���$�_�;��
�v�|�u�†�1�|�†�u�;�v���‰�;�u�;���|�u�b�l�l�;�7���|�o���1�o�m�|�-�b�m���f�†�v�|��
�|�_�;���������!���t�-�‹�;�u�v���|�o���v�_�o�‰���|�_�;���7�b�v�|�u�b�0�†�|�b�o�m��
�o�=���v�o�t�ˆ�;�m�|�J���-�1�1�;�v�v�b�0�t�;���v�b�7�;���1�_�-�b�m���1�_�-�u�]�;�v��
�P�������"���r�t�†�]�b�m�7�����‹�������Q�:���"�|�u�†�1�|�†�u�;�v���-�u�;��
�v�o�u�|�;�7���0�‹���v�†�u�=�-�1�;���1�_�-�u�]�;���P�m�;�]�-�|�b�ˆ�;���|�o��
�r�o�v�b�|�b�ˆ�;�7���u�;�7���|�o���0�t�†�;�Q�:���"�|�u�†�1�|�†�u�;�v���-�u�;��
�t�-�0�;�t�;�7���‰�b�|�_���m�-�l�;�7�����	�������	�7���u�;�v�b�7�†�;�v���†�v�;�7��
�=�o�u���������"���l�-�r�7���-�m�7���o�ˆ�;�u�-�t�t���v�b�Œ�;���o�=���|�_�;��
�‰�_�o�t�;���$�����:���$�_�;���r�o�v�b�|�b�o�m�v���o�=���|�_�;���_�;�-�7��
�7�o�l�-�b�m�v���u�;�t�-�|�b�ˆ�;���|�o���|�_�;���l�;�l�0�u�-�m�;���-�m�7��
�$�������|�;�u�l�b�m�b���-�u�;���b�m�7�b�1�-�|�;�7�:�����o�7�;�t�v���m�o�|��
�|�o���v�1�-�t�;�:�����r�-�����b�v���7�b�ˆ�b�7�;�7���b�m�|�o���-���h�m�o�‰�m��
�v�|�u�†�1�|�†�u�;���P�•�“�•�K���•�•�‘�•�7���]�u�;�‹�Q���-�m�7���l�o�7�;�t��
�b�m�=�;�u�u�;�7���0�‹���|�_�;���b�7�;�m�|�b�|�‹���o�=���u�;�r�;�-�|�v���P�“�’�•�K��
�•�“�•�7���|�u�-�m�v�r�-�u�;�m�|�Q�:���������!���v�|�u�†�1�|�†�u�;�v���-�u�;��
�7�b�ˆ�b�7�;�7���b�m�|�o�����r�-���J���t�b�h�;���-�m�7���+�-�7���J���t�b�h�;��
�7�;�r�;�m�7�b�m�]���o�m���|�_�;�b�u���u�;�t�-�|�b�ˆ�;���r�o�v�b�|�b�o�m���-�m�7��
�|�_�;�b�u���v�†�u�=�-�1�;���1�_�-�u�]�;���r�u�o�=�b�t�;�:

N-terminus

C-terminus

BpaC
7O23

431-1021
1152 aa

BoaA
3S6L

1396-1506
1626 aa

AtaA
3WP8

2989-3104
3630 aa

EibD
2XQH

160-273
511 aa

UspA1
3PR7

68-255
863 aa

YadA
1P9H
65-188
455 aa

BpaC-like YadA-like

TA B L E  2�J���†�l�0�;�u���o�=���1�_�-�u�]�;�7���u�;�v�b�7�†�;�v���b�m���v�;�t�;�1�|�;�7���������!�v

BpaC BoaA AtaA EibD �&�v�r���• YadA

���;�-�7���r�o�v�b�|�b�o�m 742– 1021 �•�’�–�u�K���•�”�•�u �‘�–�–�“�K���’�•�•�u �•�‘�“�K���‘�u�u �•�u�u�K���‘�u�• �u�“�K���•�–�“

���;�m�]�|�_���P�-�-�Q 1152 �•�u�‘�u �’�u�’�• 511 �v�u�’ 455

���o�v�b�|�b�ˆ�;�t�‹���1�_�-�u�]�;�70 0 3 8 17 11

���;�]�-�|�b�ˆ�;�t�‹���1�_�-�u�]�;�734 3 �u 7 14 10

���o�v�b�|�b�ˆ�;���P�w�Q 0 0 33 53 55 52

���;�]�-�|�b�ˆ�;���P�w�Q 100 100 �u�• 47 45 48

���ˆ�;�u�-�]�;���r�� 2.32 3.93 4.71 �u�:�“�“ 8.90 9.17

Note�9���"�o�t�ˆ�;�m�|�J���-�1�1�;�v�v�b�0�t�;���u�;�v�b�7�†�;�v���‰�;�u�;���1�o�†�m�|�;�7���-�m�7���o�m�t�‹���|�_�;���o�m�;�v���1�-�u�u�‹�b�m�]���-���1�_�-�u�]�;���-�|���r�����•���-�u�;���t�b�v�|�;�7�:���$�_�;���o�ˆ�;�u�-�t�t���v�b�Œ�;���o�=���|�_�;���‰�_�o�t�;���r�u�o�|�;�b�m���b�v���]�b�ˆ�;�m��
�-�t�o�m�]�v�b�7�;���|�_�;���r�o�v�b�|�b�o�m���o�=���|�_�;���_�;�-�7���7�o�l�-�b�m�:���$�_�;���-�l�o�†�m�|���o�=���r�o�v�b�|�b�ˆ�;�t�‹���-�m�7���m�;�]�-�|�b�ˆ�;�t�‹���1�_�-�u�]�;�7���u�;�v�b�7�†�;�v���r�;�u���������!���b�v���]�b�ˆ�;�m���b�m���w���o�=���|�o�|�-�t���1�_�-�u�]�;�7���u�;�v�b�7�†�;�v�:��
�r�����ˆ�-�t�†�;���‰�-�v���;�v�|�b�l�-�|�;�7���b�m�����������‘�:�•���P���o�Œ�t�o�‰�v�h�b�7��2021�Q���†�v�b�m�]���|�_�;���u�;�v�b�7�†�;�v���o�=���|�_�;���_�;�-�7���r�o�v�b�|�b�o�m���-�v���b�m�r�†�|�:���!�;�r�o�u�|�;�7���b�v���|�_�;���-�ˆ�;�u�-�]�;���r�����ˆ�-�t�†�;���=�o�u���-�t�t���u�;�v�†�t�|�v��
�o�†�|���o�=�����������‘�:�•�:



�v�u�J|�J�J�M KIESSLING ET AL.

� “ �J| �J � � � * � � � � � ! � � � � � � � � �$� � � � � � � � � ! � � � � � � � 	 �& � ! � � � "

�“�:�•�J|�J ���Š�r�u�;�v�v�b�o�m���-�m�7�����†�u�b�=�b�1�-�|�b�o�m���o�=���|�_�;�����r�-�������J��
terminal head domain
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�b�7�;�t�b�|�‹�� �‘�*�� ���-�v�|�;�u��
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�t�-�|�;�7�� �=�u�o�l�� ���t�b�]�o���-�t�1�� �P���b�0�0�;�7��2007 �Q�:�� ���m�-�t�‹�v�b�v�� �-�m�7�� �r�†�u�b�=�b�1�-�|�b�o�m�� �o�=��

�;�-�1�_�������!���u�;�-�1�|�b�o�m���r�u�o�7�†�1�|���‰�;�u�;���r�;�u�=�o�u�l�;�7���†�v�b�m�]���-���•�w���-�]�-�u�o�v�;���]�;�t��
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�b�v�_�;�u��

�"�1�b�;�m�|�b�=�b�1�Q�� �-�1�1�o�u�7�b�m�]�� �|�o�� �|�_�;�� �l�-�m�†�=�-�1�|�†�u�;�u�]�v�� �r�u�o�|�o�1�o�t�v�:�� ���†�u�b�=�b�;�7�� �����!��

�r�u�o�7�†�1�|�v�� �‰�;�u�;�� �|�_�;�m�� �1�o�l�0�b�m�;�7�� �0�‹�� �-�� �’�J���r�-�u�|�� ���b�0�v�o�m�� �-�v�v�;�l�0�t�‹���‰�b�|�_��
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 � � � � � & � ! � � � � � v�J���ˆ�o�t�†�|�b�o�m�-�u�‹���u�;�t�-�|�b�o�m�v�_�b�r���o�=���$�������������!�v���-�m�7���]�;�m�;�|�b�1���;�m�ˆ�b�u�o�m�l�;�m�|���o�=��bpaC and boaC�:���P�-�Q�����t�b�]�m�l�;�m�|�v���o�=���������!�v���‰�b�|�_���|�_�;�����r�-����
�P�]�u�;�;�m�Q���-�u�;���r�u�o�7�†�1�;�7���0�-�v�;�7���o�m���|�_�;���1�o�m�v�;�u�ˆ�;�7�����`�v�:�������r�_�‹�t�o�]�;�m�;�|�b�1���|�u�;�;���b�v���v�_�o�‰�m���‰�b�|�_���$�������m�-�l�;�v�7���o�u�]�-�m�b�v�l���m�-�l�;�7���&�m�b���u�o�|�����	�7���|�_�;���u�-�m�]�;��
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Yersinia enterocolitica

Escherichia coli

Salmonella thypimurium

Salmonella thypimurium

Escherichia coli

Escherichia coli
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UPI0005D74637*

A0A0H3HIJ5

Q9XD56

98

22

18

16

99

38

27

58

14

25

32

32

28

UniProt ID Range | Full lengthemaN msinagrO(a)

I569 I570 I572 I573 I575

bpaC

I577 I578 I579

Expression regulationChaperone/usher
Fimbrial adhesion

BP1026B

EIK52

09930 09940

Expression regulationChaperone/usher
Fimbrial adhesion

10000 10005

boaC

09945 09950 09965 10010

(c)

Unknown

Cytoplasmic

Extracellular

Cytoplasmic membrane
Periplasmic
Outer membrane

Escherichia coli

UniProt ID Range | Full lengthemaN msinagrO

YadA

EibD

AtaA

BoaA

BoaC

BpaC

100

91

81

99

Q9MCI8

Burkholderia oklahomensisUPI0005D74637*

Burkholderia pseudomallei Q3JFX2

Burkholderia pseudomallei A0A0H3HIJ5

Acinetobacter sp. K7ZP88

Yersinia enterocolitica P31489

UspA1 Moraxella catarrhalis Q9XD56

(b)
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