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Mutation Patterns in Human Cystic Fibrosis Transmem-
brane Conductance Regulator Protein
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LONG Si-yu, YAN Shao-min, WU Guang
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(State Key Laboratory of Non-food Biomass Enzyme Technology, National Engineering Re-
search Center for Non-food Biorefinery, Guangxi Biomass Industrialization Engineering Institu-
te,Guangxi Key Laboratory of Biorefinery, Guangxi Academy of Sciences, Nanning, Guangxi,

530007, China)

I E [ B 89 Y0 5 % M 25 2 Ak 5 5 i 598 15 7 (Cystic fibrosis transmembrane conductance regulator, CFTR) % 14
1A DX 98 728 T 5 | bR 0 P 2 A AL L H IR 1R SCR SR Y S S B W T Il . (7 5 XS T 2 R 0 T 9000 Ok i
Frds N CFTR 211 M2 H 178 A48 S 548 1 B AL TR )Y 9) & e b 2 7 31 L AR U 40 A 728 S T 90 8 e 1) D
Y S B RR X A AE L . [EERT97. 19 %6 78 S A AE A AT S50 4 28 B R %o 587, 08 o Y7 S #F Mo 1 Al 2 4l
i (10 B AL R, HL S PR AR A T IO 515, 17 S0 i 28 S ok 1 B 2 A e I SR R XL B AT AE IE R
CFTR 3 H RN AAAER A 122 A8 5 S BOR e ) A S0 B TR 0T 1Y 92 BRsi 48/ T 003 %, (4538 1A A 5000 #rY
A HE TR R X 78 S SRR A S 0 0 A 2 A5 /N S R X S5 I 0 A% A U A0 AR 2 ) ) 22 B 7 S 1R X 1% A B
BEPLAL , A CFTR 8 11 B B A7 148 5 30 T B v £F 41k
KGR AW X FPELT il BEELT 4R AL BE R R Y T
HESES.Q75,R394.3 XEFRIREG A

Abstract :[Objective]Mutations in the gene that encodes the fibrosis transmembrane conductan-

AR S

XEHS.1005-9164(2014)06-0671-06

ce regulator (CFTR) protein can cause cystic fibrosis but the patterns of missense mutations in
CFTR protein haven’t yet been reported. [Methods]The amino-acid pair predictability was used
to convert the CFTR protein with its 178 missense mutations into scalar sequences,and then
the substituted and substituting amino-acid pairs were analysed before and after mutation. [Re-
sultsJ97. 19% of mutations occurred in unpredictable amino acid pairs. 87. 08% of mutations
targeted one or both substituted amino acid pairs whose actual frequency was larger than their

predicted one. 15. 17% mutations resulted in one or both substituting amino-acid pairs that

were absent before mutation. A total of 122

mutations brought about the substituting amino-
5 B #1:2014-08-10

I E A

&[5 B #1:2014-09-09

EH BN T (1984-) , &, Wi+, TR, FENEEBAY
W,

* TV E AR B 4 & R H (2013GXNSFDA019007) #1778
AN e b g 15 R 4 0 H BB

o« JEIVER % (1956, B, W1, AT B, EFBENFAY
5B TR A Y2 A B BE 5T, E-mail : hongguanglishibahao @
yahoo. com

2014 5 12 A %21 5% 6

acid pairs with their actual frequency smaller
than predicted one. [Conclusion] The unpredicta-
ble amino-acid pairs are more sensitive to muta-
tion, and the mutation trend is to narrow the
difference between predicted and actual frequen-
cy of amino-acid pairs,thus the composition of a-

mino acid pairs becomes more randomized, which
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leads the human CFTR protein degenerative and causes cystic fibrosis.

Key words: amino-acid pair,cystic fibrosis, cystic fibrosis transmembrane conductance regulator

(CFTR) .mutation pattern

[#F 5% 2 SC X2 1 2F 4 Ak 5 5 L 5 98 15 F (Cystic
fibrosis
CFTR) & — Fh & B 7 RN R &0 5 13l 3 L ' 18
% ] 1 i TR S B 1 G 0 (8 L 43 A A 1 iz 440 i T
I ) st 400 ) S S T A L 7E L R i
BT MIER S AR S ERREZER Y, fERhE
I 5 1% B 0 28 TP i) — A1 0 CF TR AR 45 2 Fifp
BEIE AN, ZE T2 M., R e s 552 F5
i s, AT e s B SR T E A
R R 970 2 R R PR AT AL X 2 — R TE & Fh 8RB
rRE UL 8 153 0 JR T 43 6 0 3E AT B 2 0T R ) g
MR JEBLG S Cn A B 5 3k BB Yol i AN [ A9 O ik
FEFE KT 1 98 AR A5 X e ) B 0 O 1 02 B4
ST EIER AN 22 5, BN, G551D 58 48 7 %& 1%
LR AL R B IR TP Y R UL 228 7 A — A4 CFTR
B LI LT 40 B 5T R I LS R R LA R X A
MfE 5, BARZMRIE I CFTR & M4 S8 00
BT —2 1S % AR E A AP R F A O K
I, T 3 6 50 40 B 3l 2o 0 BRSO IR RS L AR
AR PR S R T A BE AN J2 J% A B0 AN 2 b e B L 4R
17T 8502 53 BT O Tk A FH 1 K 22 08 e A5 SR e 1 A
TS0 90 L 3l R o FRAT] T R b AR M A
J7 5 2 728 Wb it M ) B BT A L T R G M 7 A
ST PR SR, A 2R O kT DU AR
A 3 90 2 A b e B i B LR T Y — O
R FH 2 55 R 1) 4 BEAL 27 0 5 2 B 2K A e L 1 4
— NI NS TR SRR S —
FATT A E 5 14T BA A 415 Bt L4 D 3R A S T AR S
FEET 3 FloRe bn 5 8 11 00 % 9 6 4o bk it R 1 R E
I 5 IR RPN AICFTR HEHRA ST
BT AT G R 255, o AT T — A 1T LA Ay
AR ASE A A AL, 1T DL G Ml T e 2 R R B 1Y)
o AR AIE R IGG PR 2R BRAIL I AR B 5 R 1T 0348 5 2
Jiiki b CFTR 8 (1 & AR 5 3R 55 1 58 5 b oy At
CFTR 2 [ A8 SR, C30UAR R A 3% 488 1a) /3 ) A i
BIUPE A #4872 1 5 A8 S R b i AL

1 MHE5RFIE

1.1 HUE

N £ A i 5 S8 T (CFTRY S A 1Y
FERF 5 (1ID. P13569) FI'Ef1H) 185 4~ H R 7+
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transmembrane conductance regulator,

B FE 5038 5 B UniProtKB/Swiss-Prot 28 /& (ht-
tp://www. uniprot. org/uniprot/P13569) , H: & 61 %
5 ANEIR 2 AR 178 A4 AT . A SE 4 BT
X178 MG SR RS I S
1.2 HUIREME CFIR EARFIARENE

ZH LR F BT RAR IR A 20 Fh, BAR AT LIA]
FH 2 B i Bk P 0ok B 43X 20 2 R L H 2
B ik 20 MR A RER R E A R AL P K
B BT A R A A R R S TR 7 S A B
AL, P X —F AR T B AN 3 T TR e s RO
FATH N CFTR 25 124 5 1R X #E 47 £ 2= HE 9 L DLtk
KA RE — A FE TR X AT B0 M AT LUK 4 TR
PR Rk g e, N CFTR & M i
1480 MR EMA M ., B 1 LA 2 i = H IR A &
R— IR R 2 ML 3 AR N T —
FERRNT BN ORISR 3 L AIEE 4 7, DABb S HE, AR
1479 f0 A1 1480 i, S AL A 1479 A~ LR X, %5 i
U, N CFTR A A 123 2422k “S” il 183 4~
R LY, AR S X LS By AR 2 15
(123/1480X 183/1479 X 1479=15. 209), i =F L |
CFTR HE AR A4 15 4> LS & I X}, jr DL A
FHECFHEF 0 J7 20 28, B AL R X LS J2& nf 500 9
HZAMW, N CFTR R PA 93 M AR “E”H 84
AMHERG”, M X EG 1Y B AT H S 5 (93/
1480X84/1479X1479=5. 278) . #t /& 1% CFTR
B R %47 5 4 EG L xT, (2R AT EG
FBR BT 12 W R ECEHES O 2R A
FFRXT EG SZAST A,
1.3 AHAAMATHRNSEBRTHETRER

— > B AR A I TR Xk S AN
FE@ X, Bl A8 336 L RAERA FRAR TR
AR T TR KL A2 B R X KT AT IF A8 A T
KK Fl KF, [H A #i 2 f2 “K” 0 T 47 5 335 BN
RIR“F7OLT 337 b, F 1 H)H T 3K 20 & 3 W2 Xt i
S I AT 23 RSN A, FRATT T LB A B e e 1 2
R AT (KT A TF) R 46 1 1) 2 B W X (KK F KF)
2 T TR P 30 S AN AT YL ), I A D 4% IR 55 1 T =X
#4738 8 Chttp://www. nerc-nfb. ac. cn/calculatio
n/fc. htm. ) ., ¥r Br A CFTR & H & £ R % 5 & 48
T,
1.4 FTUUSAERFMIERMEMNEE

38 3ok A A3 AT L FRATT L M 52 5 i) 2 R TR X6 i A
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R (PF) M BRAR (AF) 28, IS (PF— AF) .
F 1R L SR, IR e 4 0 S Rk R X 1 0 AR %
FSLBRAR I 2 E R (T— 9+ (7T—13) = — 8, M &
Bt (& LR AT (6 —5)+(5—4) =2, KA. M
SRR (7T—8)+(7T—12)=—6 F(6—6)+(5—5)=
0, L LA L2 B FRATTHE T L b 5 28 48 X 4 35 R Xt AR
RIEHM R,

£1 ACFIREH B6KZETRETRWEMNEEBIH
£ M
Table 1 I336K mutant and its effect on amino-acid pairs be-

fore and after mutation in human CFTR protein

A B 11 B R NS

Substituted pairs

R 5 Y 2 PR X
3k Substituting pairs

Classiffication

KI IF KK KF

PF AF PF AF PF AF PF AF

R
A2 57/

C
Before mutation 7 9 7 13

6 5 5 4

5t .
After mutation 7 8 7 12 6 6 0 2

1. st &, K R, F AN &R, PF. TR, AF . SEPRITR
I.isoleucine, K lysine, F: phenylalanine, PF: predicted frequency, AF:
actual frequency.

1.5 SitaHm

KB KK ( Chi -square test) AT Ho % nl F00 A0
AN T T £ 2 TR %o o 2/ R R R ) 9 AR R A R
Kruskal-Wallis P8 [K 2 )5 22 490 #r & (Kruskal- Wallis
One Way Analysis of Variance on Ranks) F T L #
7R3 I N I el 1 = 1 O 1 = A L 5 P S
(Dunn's Method) H T2 B R X Y 0T 2 E L, Y
P <<0.05 i RN ZFRBE .

2 HRE5HHm

A CFTR EA KK E BT
IR b, 20 F A SR AL RR AT DL K 400 AT fiE
A LR T (207) . @A BT A AT AT &1, A CFTR
BEA 1479 DEERRXT XA EUEZ KT 400, 3609
Hop ) — B G LR X B T 2k, T H X 400

2.1

WRBEM N IFAMAAET AN CFTR A, A 57
Pl BRI S W X A7 7E TN CEFTR # A B, A
AN CETR & HH 1479 DR IR X HA 343 F & 2
RS T2 (400 —57=343) , Hirp — SE IR 0T 1 8L T
ZW(FK 2), FELFras A L, T /A o] 1t 22 5
i X b A A 28 S R X 9 2 26 AR+ ar b EE, N CFTR
HHAY 343 Fh & FE W X A2, 83 Ff e mI I Y
260 R AR WK, N CFTR & HI 1479 DKk
Xt Ffr L 247 Ao AT B AY L 1232 A S A ] N i
F 3 Won TSR s, A 5 Mo AR e A A m]
LI Y 2 R X v

x2 SEBNMEREZEA CFIR EHHHIHE

Table 2 Kinds of amino-acid pairs and their appearance in hu-

man CFTR protein

mmpg  (FERIFE g RERITEK

Appearance inds of amino- o ance Kinds of amino-
acid pairs acid pairs
1 33 10 9
2 41 11 7
3 45 12 4
4 40 13 5
5 19 14 1
6 16 15 1
7 16 16 1
8 13 18 1
9 8

2.2 WERBHREHIERX

U SR — > B L R X DY R R R A, O HLAE
G AR HAE A 1 BT K IR 4 3 i 2 i R o
TERAS S O o (E 0 2R — b 2 ik 1R %) 15 58 728 i i
B2 UM AT B 2 FE TR A R AR R AT IR AFAE . — 1>
AL AL — W BB A F RS, XA T T L
b P[] — Fof 2 5 T X A2 R AR R TS AR PR B ok, R4
B T PR R T A 45 i ) 2 TR X 7% e T I B9 0
UGB, BT 3 B I AR 3l T S50 /AN w] S50 A5 PR g R/
LI 0 5 R B He it ) R RS BEA T 2 4, SRS
4 3 FNEH 3R oy L i & BE R X, i AR

&3 A CFIR EBZE R % 4 75 7 BN 1A BT F00 & 5 B8 3 49 b 42

Table 3 Comparison of mutations at predictable/unpredictable kinds and pairs in human CFTR protein

4y ok 2% Kinds T % Pairs AR 5 Mutations I % Ratio
0w
Classiffication number % number number % Mutations/Kinds Mutations/Pairs
i ) 174
P 5 83 24.2 247 16. 5 2.8 5/83=0. 06 12/247=0. 02
Predictable
51 ]

Z:EffJ\‘UJJE/J 260 75.8 1232 83.3 173 97.2 173/260=0.67 173/1232=0. 14
Unpredictable

B4 Total 343 100 1479 100 178 100 178/343=0.52 178/1479=0.12

T« T A 36 3 B AT I g AN R T Y o AR S B R A A R RIS 2 5 (P <C0.001)

Note: The Chi -square test indicates the highly statistical significance of occurrence of mutations between predictable and unpredictable kinds/ pairs

(P <<0.00D).

JSEAFE 201445128 H 21 A% 6 M
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AT B RS A5 i H R TR AR
JOIS S S 5 3T 24 A T o ) AT 2% ) B R T A AR
B, WA~ 22 F R X AT S I 25 R A 30 3 A
74 BEARE] 31K 4 55 3 47T) . AR B 1 B0t i B A AR
SERTAYEE 4 M2 5 47,87, 07 W B A MR @ T — 4
P A e g R R X, G S P AR 23R A T A
B, U W] 92 5% 728 1) A8 SR Az 5 O AT S5 o 1 6 ok 4 /N 52
o 451 23 0 T 0 401 2R 2 (] 19 25 BE R S BRI , WA S 3k
fig Xt AU 10 Ff 52 A5 f 52 B A5 2 /)N T 0000 45 5 L 13
AF 25 728 T S 5k 398 0 552 B A0 2% ok 4 /)N 52 R A 2%
AT 23R 2 ] 1) 2 B R b A X S
2.3 HEERHFHRHMIERT

5 Mg R A AEFAAM, B, 15.17%
AR S ok T — A s AN IR AT BTN T IE

WA CFTR &EH Y, Joh, BIF 122 A48 5
(68. 54 %0) B4 T S BR8N T J00I0 471 2% 1) 22 i 1R
XFCH * 2D,
2.4 TREFNEEBIHNIARER

B 1 JRART 178 A 58 A48 X & Jk g XoF 19 0 43 >R 5
SEPRATF A R L, B 2 WA T e
AR, AR T R A ) B S R X 1 T A R
SR A R 2 A P — 3, R X B R AR S A A S
I 431 23 K T 000 A48 R 11 B e X v, RS L R 4
(R 28 FE R X AR I B 0. 5, R R S8 T & KM
XF ARG O B, A8 5 S O 4w R R 4 Y
IR X I S B A 5 0I5 (E 1Y b (B D

&1,

#4 ACFIREOHERENSERWNTRIEMLE
Table 4 Comparison of substituted amino-acid pairs before and after mutation in human CFTR protein
LIS AR ST A8 5
S Frequency Before mutation After mutation
Classiffication
1 I Appearance % total % Appearance % Total %
Al Wi Predictable AF=PF AF=PF 5 2.81 2.81 10 5.62 5.62
AAHM Unpredictable AF>PF AF>PF 74 41.57 97.19 31 17. 42 94. 38
AF>PF AF=PF 34 19. 10 35 19. 66
AF>PF AF<PF 47 26. 40 51 28.65
AF<PF AF=PF 8 4.49 30 16. 85
AF<PF AF<PF 10 5.62 21 11. 80
PF . WA R, AF . SEPRA A, AF . Actual frequency,PF:Predicted frequency.
x5 ACFIREB#EZEHENEERNTRIEHLEE
Table 5 Comparison of substituting amino-acid pairs before and after mutation in human CFTR protein
B3R Frequency 75 1 Before mutation 25 5% 5 After mutation
1 I Appearance % Total% Appearance % Total%
AF=0,PF>0 AF=0,PF>0 2 1.12 15.17 0 0 0. 00
AF=0,PF>0 AF=PF=0 0 0. 00 0 0
AF=0,PF>0 AF=PF>0 8" 4.49 0 0
AF=0,PF>0 AF<PF,AF+#0 5% 2.81 0 0
AF=0,PF>0 AF>PF 9 5.06 0
AF=PF=0 AF=PF=0 0 0. 00 0 0
AF=PF=0 AF=PF>0 2 1.12 0 0
AF=PF=0 AF<PF,AF+#0 0* 0. 00 0
AF=PF=0 AF>PF 1 0.56 0 0
AF<<PF,AF+#0 AF<PF,AF#0 34" 19.10 84. 83 14 7.87 100. 00
AF<<PF,AF+#0 AF=PF>0 257 14.04 15 8.43
AF<<PF,AF#0 AF>PF 39* 21.91 39 21.91
AF=PF>0 AF=PF>0 4 2.25 14 7.87
AF=PF>0 AF>PF 23 12.92 51 28.65
AF>PF AF>PF 26 14.61 45 25.28

* A 122 AR S BT B A EIERR X, B AT AY 92 BRI N T B A A (68, 54%0)

% Indicates the substituting amino-acid pairs with their actual frequency smaller than predicted one. The total of these mutations is 122(68. 54 %).
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Fig. 1 Frequency distribution of affected amino - acid
pairs before and after mutation in human CFTR protein
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Fig. 2 Frequency comporison of affected amino -acid
pairs before and after mutation in human CFTR protein

Pl op B HE f PR 25 %6 ~ 75 %6 KN R s . AR X R 1Y
HKHEA B ENGITER (P <0.001,Kruskal-Wallis #LH 2
T 2R .

The data are presented as median with interquartile inter-
val. There is statistically significant difference between corre-
sponding groups ( P <C0. 001, Kruskal-Wallis One Way Anal-

ysis of Variance on Ranks).
3 itig

BE#& CETR HE N %€ TAEM &R, 8t 1500 4
AN TR] A9 A2 S 8 B R AR A B AT A ) B R e AR L i

Rk 6 RER, 2B A RBEFHELYNDERES
JSEAFE 201445128 H 21 A% 6 M

CFTR % [ st A5 5 Bk iR e, SR, HA7 178
ANTEER UK B4 LR ICHE ., B A P
WA RS T N A2 S L R 11 58 728 L L Ath 2 3 g
SRR, A RO AR BB T
it PR B AR 28 AR S ER AR L AR R R Th B
biik 2 NSk - DR IR IS E 17 87 ol i -4 = i A (R A
HeE 0t H SR, 3 S L A IR OR BE 4 T b i B
R B G R W ko 2 AR T Sy R, e B L
OB AT FEAA IR AN T3k — R, Hox — W 2 )
15 B9 AR A BE DL A F1 R 3 rp 3 o A7 e i B
AL T TUI0 1% 2 5 p  PAB T e K T BB R R A R
e B U, 55 F 1 AR 249 AR ) A i 1 %ot Jiir 9 2 Y e /b
B[R] R RE 5t 270 58 L 2R 1 I D RE A s B —
O b-Si T ANEE NSl K (RS SNk & N A Z N
T FUI AR 3R T 3t 2 AT AT R B AL B S 43 BT 2
FE R X A b 1A AS R B AL B S R B E AT A T RE Y

AT 5 25 S0 ], Bl 587 1Y) e A R S R R X Y
SEPRATCRIE— R E BT eI R, £A
SRR, SR A8 38 A (] F 00000 A1 4 1) 22 56 i o AR ]
RIS B A7 7E . T BE 3 3k 2 11 5 28 748 Ok 4 /N THI0) 431 %
55 SR A 22 ) Y 22 BE 1T 3 28 28 AR i B 1 — B 45
SRR I DR R B FR L PR g AR T AR Y 2L
FEMR T T RE 23 7 A B A T AT 5 S B AR Y 22
XA S AR R TR I 2 4 NI HE AL PT AR SE T 25,

WEEFRAT AT LR B bR i 2R T 50 DA
TR 23z FH R o 1y 325 of 8 40 3 R s 7 199 2K 11 )7 91 % Ak
BAT B Rbr B A A B, R R EA
P H RS B S8 A8 B A A L AR P TR A
AR IR R P I AL S B W IR AT AR R
05 1 AT DL S B A A R H AR B gk
AT 0% ) 22 6 18 X A ] 003000 2 F 43 #4824 1Y
RS T SRR T fife 28 1 £ A Al 5 99 114 3 AR L 1 42
T I BB ST

4 g

AT 5T T G 3 R X Al 3000 4 O 45 B ok A CFTR
HE L 178 AR S 7R ) B TR T B % B
P A AT S S AR A A ) R H ) R TR
XF AR, 4 R 7R AN AT S0 A 2 1R ) X AR
S BEAHUIRR L 7 S 0 AR N R R X 52 B AT AR A
A 2 ) #9220 0 35 TR X 14 44y B8 B i B AL A
M CFTR H H B9 X FlR A7 1k 48 5 80T % 1 4
4e1k .
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