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Abstract:The features of amino acids w ere used to simultaneously predict optimum pH value

and optimum temperature o f beta-gluco sidases .First ly , the beta-glucosidases w ere quantif ied by

dif fe rent features of amino acids as inputs , and their optimum pH value and optimum tempera-
ture we re served as outputs ;secondly , the t raining w as conducted by means of 20-2 feedfo rw ard

backpropagat ion neural netw o rk ;finally , the validation w as pe rfo rmed by three approaches ,
subset valida tion , jackknife validation , and cro ss-validat ion .The resul ts show ed that among 24

features of amino acids only 4 features w o rked in the prediction model and the amino-acid dist ri-
but ion probability as predictor gave bet ter results.Thus , the method developed in this study

paved the w ay tow ards the prediction o f functional parameters of enzymes based on their amino

-acid properties .
Key words:amino acid , beta-g lucosidase , optimum pH value , optimum temperature , prediction
w o rking condit ion
摘要:利用氨基酸特征同时预测贝塔-葡萄糖苷酶反应的最适 pH 值和最适温度。首先 , 用不同的氨基酸特征对
贝塔-葡萄糖苷酶进行量化作为输入 , 以最适 pH 值和最适温度作为输出;然后用 20-2 前馈反向传播的神经网络
进行训练;最后用子集验证 、刀切验证和交叉验证三种方法进行验证。结果表明 , 在 24 个氨基酸特征中只有 4

个特征可以用于模型预测 , 其中氨基酸分布概率的预测结果优于其它指标 ,为基于氨基酸属性预测酶的功能参
数提供了方法。
关键词:氨基酸　贝塔-葡萄糖苷酶　最适 pH 值　最适温度　预测　工作条件
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　　In order to speed up enzymatic reaction , i t is impo rtant to let the enzymatic react ion be at the op-

timal conditions .Generally the opt imal w orking con-

di tions are so eleg ant that w e have to conduct many

expensive and t ime-consuming experiments to find

them.Although these costly optimal w orking condi-

tions can se rv e as references to novel enzymes , the

inte r-relationship among optimal w o rking condi tions

is of tent imes dif ficult to manage.

　　With the fast development in computational bi-
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o logy and bioinfo rmatics , i t w ould be po ssible to de-

velop computational methods to predict the optimal

w orking conditions for novel enzymes based on pre-

viously obtained optimal conditions .

　　Actual ly ,many studies so fa r have been directed

to the funct ion-st ructure relat ionship of proteins in-

cluding enzymes .However , this relationship has yet

to connect w ith the optimal condit ions for enzymatic

reactions , and this relat ionship is more o r less relat-

ed to secondary , te rtiary , and quate rnary st ructures ,

whose de terminations are also co st ly and time-con-

sum ing .

　　Thus , the challenge a rise s w he ther we can use

very simple features , such as the features o f am ino

acids , to predict optimal condi tions of enzymes , be-

cause the prediction w ould help us economically op-

timize enzymatic reactions.

　　As β-glucosidase(EC 3.2.1.21)can cut the β-

bond linkage in gluco se molecules
[ 1]

, i t play s an im-

po rtant role in biolog ical pro cesses.More notably , it

can deg rade cellulo ses , which gives a g reat perspec-

tive in the fe rmentation o f biomass into biofuels and

leads to mo re efforts to no t only search for β-g luco-

sidases but also muta te β-g luco sidases[ 2] .Conse-

quently , we can find mo re and mo re β-gluco sidases

wi th annotations of thei r primary st ructures but

wi thout optimal conditions for enzymatic react ions.

　　Actual ly , the re are many features of amino acids

available
[ 3 , 4]

,which could se rv e as predicto rs to pre-

dict the opt imal condi tions fo r β-gluco sidase reac-

tions .However , it i s yet to know which fea ture is re-

ally useful.In this study , we attempt to find which

of 24 amino-acid features can simultaneously predict

optimum pH value and optimum temperature of β-

gluco sidases .

1　Materials and methods

1.1　Data

　　The data of β-gluco sidases (EC 3.2.1.21)were

obtained from the Comprehensive Enzyme Informa-

tion Sy stem BRENDA up to October 2010[ 5] .Unde r

the functional pa rameters o f pH optimum and tem-

perature optimum , 34 β-gluco sidases had their se-

quence info rmation , and one had documented its mu-

tant
[ 6]

.Frequently , an enzyme can have several di f-

ferent opt imum values of pH and temperature ,

which w as the case fo r four β-g lucosidases[ 7] .In to-

tal ,we found 39 β-g lucosidases wi th their sequence ,

optimum pH value and opt imum tempe rature in this

databank .

1.2　Predictive model

　　As there may be various linear and nonlinear

relat ionships betw een the feature of amino acid and

optimum pH value and opt imum temperature of β-

g luco sidase ,we used a 20-2 feedforw ard backpropa-

gation neural ne tw ork displayed in Fig.1 to account

fo r these relationships[ 8] .In this model , the fi rst lay-

er contained 20 neurons co rresponding to 20 inputs ,

which could be any piece of features related to 20

types o f amino acids in β-glucosidase.The second

laye r contained tw o neurons cor responding to tw o

outputs that are optimum pH and optimum tempe ra-

ture.The transfer functions were tan-sigmoid and

linear fo r tw o laye rs , and lo g-sigmoid for output.

The training algo ri thm w as the re si lient backpropa-

gation , which w as the fastest algo ri thm on pa ttern

recognition in MatLab[ 9] .

1.3　Features of amino acids

　　The very basic feature of primary st ructure o f β

-g lucosidase w as its amino-acid composi tion , and

then w e had the mo lecular w eights of amino acids

(row 2 , Table 1).Moreove r , we had the features o f

amino acids related to the spat ial proper ties listed in

row s 3 ～ 5 in T able 1[ 10 , 11] , hydrophobic prope rties

li sted in row s 6 ～ 10 in Table 1[ 12] , elect ronic proper-

ties listed in row s 11 ～ 17 in Table 1[ 13] , and the sec-

onda ry st ructure predictions listed in row s 18 ～ 24 in

Table 1[ 14] .We weighed the values in Table 1 w ith

amino-acid composition because β-g lucosidases w ere

different one f rom another in terms of amino-acid

composi tions.

　　Ano ther relatively recent feature about the pri-

mary st ructure w as the amino-acid dist ribution

probability , which also represented spatial charac-

terist ics on pro tein[ 15 ～ 17] and w as computed acco rd-

ing to the occupancy of subpopulations and parti-

tions
[ 18]

, which gives each type of amino acid a dis-

tribution probability in an enzyme (T able 2).
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Table 1　Features of amino acids used as predictors for predicting optimum pH value and optimum temperature

Amino acid A R N D C E Q G H I

Mass(Dal ton) 71.09 156.19 114.11 115.09 103.15 129.12 128.14 57.05 137.14 113.16

Surface area( 2) 115 225 160 150 135 190 180 75 195 175

Residue volume( 3) 166.7 88.6 173.4 114.1 111.1 108.5 138.4 143.8 60.1 153.2

van der Waals volume
( 3)

67 148 96 91 86 114 109 48 118 124

Residue non-polar su r-
face area( 2)

86 89 42 45 48 69 66 47 129 155

Residue bu rial (kcal/
mol)

2.15 2.23 1.05 1.13 1.2 1.73 1.65 1.18 2.45 3.88

Side chain bu rial(kcal/
mol)

1 1.1 -0.1 -0.1 0 0.5 0.5 0 1.3 2.7

Hyd ropathy index 4.50 4.20 -0.80 -0.90 -3.50 -0.70 -1.60 1.80 -3.90 -3.50

Rankin g of amin o acid
polari ti es

9 15 16 19 7 18 17 11 10 1

pK a 9.69 9.04 8.8 9.6 10.28 9.67 9.13 9.6 9.17 9.68

σI 0.05 -0.26 -0.14 0.51 -0.01 0.68 -0.1 0 -0.01 0.06

HM ΔPH 0.05 -0.75 -0.2 1.8 -0.01 1.25 -0.07 0 0.21 0.08

σR 0 -0.49 -0.06 1.29 0.01 0.57 0.03 0 0.22 0.02

σα -0.01 -0.08 -0.04 -0.03 -0.03 -0.04 -0.05 0 -0.06 -0.04

σF 0.05 0.27 -0.56 -1.77 0.06 -1.14 -0.35 0 -0.58 0.04

A I 0.05 0.26 0.24 0.51 0.01 0.68 0.1 0 0.01 0.06

P(a) 142 98 101 67 70 151 111 57 100 108

P(b) 83 93 54 89 119 37 110 75 87 160

P(tu rn) 66 95 146 156 119 74 98 156 95 47

f(i) 0.06 0.07 0.147 0.161 0.149 0.056 0.074 0.102 0.14 0.043

f(i+1) 0.076 0.106 0.11 0.083 0.05 0.06 0.098 0.085 0.047 0.034

f(i+2) 0.035 0.099 0.179 0.191 0.117 0.077 0.037 0.19 0.093 0.013

f(i+3) 0.058 0.085 0.081 0.091 0.128 0.064 0.098 0.152 0.054 0.056

Amino acid L K M F P S T W Y V

Mass(Dal ton) 113.16 128.17 131.19 147.18 97.12 87.08 101.11 186.12 163.18 99.14

Surface area( 2) 170 200 185 210 145 115 140 255 230 155

Residue volume( 3) 166.7 168.6 162.9 189.9 112.7 89 116.1 227.8 193.6 140

van der Waals volume
( 3)

124 135 124 135 90 73 93 163 141 105

Residue non-polar su r-
face area( 2)

122 164 137 194 124 56 90 236 154 135

Residue bu rial (kcal/
mol)

3.05 4.1 3.43 3.46 3.1 1.4 2.25 4.11 2.81 3.38

Side chain bu rial(kcal/
mol)

1.9 2.9 2.3 2.3 1.9 0.2 1.1 2.9 1.6 2.2

Hyd ropathy index -1.30 2.50 -0.40 -3.20 -3.50 2.80 1.90 4.50 3.80 -3.50

Rankin g of amin o acid
polari ti es

3 20 5 2 13 14 12 6 8 4

pK a 9.6 8.95 9.21 9.13 10.6 9.15 9.1 9.39 9.11 9.62
σI 0.02 -0.16 0.08 0.04 0 -0.03 -0.05 0.06 0.05 0.01
HM ΔPH 0.07 -1.11 -0.04 0.06 0.1 -0.05 -0.03 0.15 0.02 0.09

σR 0.05 -0.95 -0.12 0.02 0.1 -0.02 0.02 0.09 -0.03 0.08
σα -0.04 -0.05 -0.05 -0.08 -0.04 -0.02 -0.03 -0.12 -0.09 -0.03

σF -0.03 0.51 -0.3 -0.45 0.02 -0.38 -0.44 -0.24 -0.42 -0.04

A I 0.02 0.16 0.08 0.04 0 0.03 0.05 0.06 0.05 0.01
P(a) 121 114 145 113 57 77 83 108 69 106

P(b) 130 74 105 138 55 75 119 137 147 170

P(tu rn) 59 101 60 60 152 143 96 96 114 50

f(i) 0.061 0.055 0.068 0.059 0.102 0.12 0.086 0.077 0.082 0.062

f(i+1) 0.025 0.115 0.082 0.041 0.301 0.139 0.108 0.013 0.065 0.048
f(i+2) 0.036 0.072 0.014 0.065 0.034 0.125 0.065 0.064 0.114 0.028

f(i+3) 0.07 0.095 0.055 0.065 0.068 0.106 0.079 0.167 0.125 0.053

σI :Induct ive ef fect s cale , H MΔPH:Normalized Mul liken populat ion data for the amino-acid side chains in the context of phen ol ,σR :Resonance ef fect

scale ,σα:Normaliz ed p olarizabili ty index ,σF :Field ef fect index , A I:Addit ional s cale , f(i):Frequency of the 1s t residu e in turn , f(i+1):Frequency of

th e 2nd residu e in tu rn , f(i+2):Frequen cy of th e 3rd residue in tu rn , f(i+3):Frequ ency of the 4 th residue in turn.
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Table 2　Amino-acid composition and distribution probabilities

of Q9AT27 β-glucosidase.

Amino acid Number Dis t rib ution p rob abili ty

A 54 0.015

R 19 0.017

N 21 0.027

D 42 8.903e-3

C 6 0.039

E 26 0.040

Q 23 0.040

G 35 5.699e-3

H 10 0.191

I 32 0.037

L 55 0.012

K 23 7.082e-4

M 14 0.055

F 24 0.040

P 26 4.712e-5

S 49 1.650e-5

T 48 8.611e-3

W 12 4.432e-3

Y 22 0.051

V 31 9.435e-3

1.4　Model development
　　Of 39 β-g lucosidases listed in T able 3 ,23 served

as t raining group to generate the neural netw o rk

model parameters ,weights and biases , and 16 served

as validation g roup.This is a very tradi tional ap-
proach.
　　A more recent approach is the jackknife , and
the jackknif ing o f delete-1 observ ation w as used

[ 19]
,

i.e.one β-g lucosidase of 39 β-glucosidases did no t

at tend the t raining , while the generated model pa-
rameters w ere used to predict optimum pH value

and optimum temperature of omi tted β-gluco sidase ,
unti l that each β-g lucosidase went through this jack-
knifing pro cess .
　　The thi rd approach is the cross-validat ion , i.e.
39 β-gluco sidases w ere split into 3 subsets contai-
ning 13 β-gluco sidases each , then one subset did no t

at tend the t raining ,but the generated model parame-
ters w ere used to predict opt imum pH value and op-
timum temperature in om it ted subset ,until that each
subset w ent through this cross-validat ion proce ss.

A no ther w ay to divide 39 β-glucosidases w as to spli t

β-g lucosidases into 13 subse ts containing 3 β-g luco-
sidases each , and to go to the same proce ss as de-
scribed above.
　　The above three approaches we re applied to

each predicto r listed in Table 1 in order to compare

thei r predict ions statistically .
1.5　Statistics
　　Fo r each predictor , one hundred training s w ere

conducted , and the obtained 100 se ts o f w eights and

biases w ere used to predict optimum pH value and

optimum temperature 100 times , and their mean and

standard deviation we re used to compare the recor-
ded optimum pH value and optimum temperature

fo r each β-g lucosidase
[ 20]

.

2　Results

　　Fig.1 is the scheme o f neural netw ork fo r mod-
el development .T his model is part icularly designed

to simul taneously account fo r the fea tures of amino-
acids and optimum pH value and optimum tempe ra-
ture of β-gluco sidases.
　　Fo r t raining of neural netw ork , the ini tialization

o f weights and biases and number of t raining epochs

govern w hether the neural netw o rk can converge.
We used the random ini tiali zation function to initial-

ize w eights and biases , and 350 training epochs.Fig.
2 display s t raining processes in 23 β-g lucosidases
w ith dif ferent features of amino acids (Table 1).In
this figure , each line represents a t raining proce ss

f rom the beginning to the end , and w e can f ind the

convergence reached w i thin 350 training epochs w ith

any random ini tialization , which lay s the foundation

to guarantee our t raining process.
　　In Fig.3 ,we can see that the pe rcentage of cor-
rectly predicted β-g lucosidases improves w ith re-
spect to t raining epochs.Actually , what we need to

see is w hether this pe rcentage is stable along the

t raining process , which is the case in Fig.3 , so we

can exclude the possibility of ove r-f it ting o r ove r-

generalization using this neural netw o rk model.Al-
so ,Fig .3 demonst rates that predictions of optimum

pH value and optimum temperature using some fea-
tures o f amino acids can reach a pre tty good level.
A s we used three different approaches to develop

predictive models , Fig.3 is only related to one ap-
proach , and Fig.4 show s the correctly predicted per-
centag e improves w ith respect to t raining epochs in

the other tw o approaches.In general , all three ap-
proaches reach the similar results.
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　　Fig.1　20-2 feedfo rw ard backpropaga tion neural netw ork

to model the r elationship between 20 amino-acid fea ture s of β-

gluco sidase and optimum pH value and optimum tempe rature.

Each tri-circle represents a neuron.

　　IW{1}:the input w eights , LW{2 , 1}:the layer weights to

the second layer fr om the first laye r , b{1}and b{2}:the biases

rela ted to each neuron at the first and second laye rs.

　　Fig.2　Converg ence of mean squa red er ror perfo rmance

function with 100 diffe rent initial weights and bia ses g ene rated

by random initialization function in tr aining

　　(a)σ1×No.,(b)σα×No.,(c)f(i)×No.,(d)DP.

　　No.:amino-acid composition ,σI :inductiv e effect scale ,σα:

no rmalized pola rizability index , f(i):frequency of the 1st resi-

due in turn , DP:amino-acid distribution probability.

　　Fig.3 　Pe rcentag e of co r rectly predicted optimum pH

value and optimum temperature by differ ent features o f amino

acids

　　(a)T raining ,(b)Va lidation , (c)Total.
　　The tr aining and valida tion gr oups contain 23 and 16 β-
g lucosidases.
　　—○— :pH by σ1 ×No., — —:pH by σα×No., —□—:pH by f

(i)×No., —◇—:pH by DP , —★— :Tm byσ1 ×No., — —:Tm byσα

×No., —◆— :Tm by f(i)×No., —◎—:Tm by DP.
　　pH :optimum pH value , Tm:optimum temperature , No.:
amino-acid composition , σI :inductive effect scale , σα:no rmal-
ized po larizability index , f(i):frequency o f the 1st residue in

turn , DP:amino-acid distribution probability , ×:multiplica-
tio n.

　　Table 3 detail s the stat ist ical comparison be-

tw een predicted and reco rded optimum pH value and

optimum temperature.The data gene ra ted in Table 3

are based on the very t radi tional approach to divide

the t raining and validation g roups , where the predic-

tion should be good if there is no statistical dif fer-

ence betw een reco rded and predicted optimum pH

value and optimum temperature , respectively .The

prediction based on amino-acid dist ribution probabil-

ity is clearly be tter than the predictions based on

o ther features of amino acids.
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Table 3　Statistical comparison between recorded and predicted optimum pH value and optimum temperature(mean±SD , n=100).

Group
A cce ssion
number

　Recorded
pH
value

Optimum pH value predicted by predicto r

σI ×No. σα×No . f(i)x No. DP

Reco rded
Tm

Optimum temperature predict ed by predict or

σI×N o. σα×No. f(i)×No. DP

T rain-
ing

Q9A T27 4 5.83±0.10 5.86±0.14 5.83±0.09 4.05±0.13＊ 50 46.39±4.92＊ 44.64±5.73＊ 47.43±4.24＊ 50.00±0.02＊

Q8TGI8 4 5.70±0.21 5.57±0.32 5.73±0.18 4.35±0.35＊ 71.5 52.80±6.86 56.58±8.82＊ 51.74±6.40 71.48±0.07＊

Q12715 4.6 5.64±0.28 5.54±0.34 5.71±0.21 4.66±0.25＊ 70 56.34±11.80＊58.90±11.34＊52.66±8.53 69.91±0.76＊

A1C3J9 5 5.82±0.08 5.85±0.09 5.81±0.07 5.00±0.13＊ 40 47.47±3.05 45.71±4.08＊ 47.98±2.97 40.00±0.08＊

Q8T 0W7 5 5.75±0.11 5.77±0.13 5.78±0.07 5.07±0.23＊ 50 51.94±5.17＊ 51.19±3.35＊ 50.02±2.70＊ 50.10±0.78＊

Q4U4W7 5 5.74±0.14 5.55±0.35＊ 5.71±0.21 5.03±0.12＊ 50 50.77±5.17＊ 57.29±10.90＊52.13±7.98＊ 50.01±0.03＊

A9UIG0 5 5.66±0.26 5.54±0.34＊ 5.71±0.21 4.93±0.25＊ 70 55.32±10.19＊58.71±11.27＊52.69±8.67＊ 70.02±0.10＊

P94248 5.5 5.85±0.11 5.90±0.16 5.83±0.10 5.51±0.11＊ 45 45.80±5.43＊ 43.37±6.56＊ 47.26±4.54＊ 45.00±0.04＊

O08331 5.5 5.73±0.16＊ 5.62±0.26＊ 5.73±0.16＊ 5.51±0.15＊ 65 53.63±7.55＊ 56.21±8.20＊ 52.03±6.73＊ 65.00±0.02＊

Q9SLA0 5.6 5.84±0.11 5.89±0.13 5.83±0.09 5.64±0.12＊ 40 46.14±5.19＊ 44.31±5.44＊ 47.43±4.12＊ 40.00±0.02＊

P49235 5.8 5.83±0.09＊ 5.83±0.11＊ 5.81±0.06＊ 5.67±0.19＊ 50 46.56±4.56＊ 46.12±4.46＊ 48.19±3.03＊ 50.00±0.04＊

Q86D78 6 5.85±0.11＊ 5.91±0.16＊ 5.83±0.10＊ 6.04±0.12＊ 35 45.69±5.60＊ 43.31±6.55＊ 47.28±4.48 35.00±0.03＊

Q2WGB4 6 5.83±0.08 5.88±0.12＊ 5.82±0.09 5.99±0.09＊ 37 46.94±3.78 44.76±5.01＊ 47.65±3.77 37.00±0.03＊

Q875K3 6 5.82±0.11＊ 5.87±0.12＊ 5.83±0.09＊ 5.98±0.09＊ 40 46.73±5.47＊ 44.24±5.57＊ 47.38±4.26＊ 40.00±0.02＊

Q25BW5 6.5 5.86±0.15 5.91±0.18 5.83±0.09 6.47±0.13＊ 30 45.91±5.47 44.39±5.90 47.45±4.09 30.01±0.05＊

P15885 6.5 5.85±0.12 5.91±0.16 5.83±0.10 6.46±0.11＊ 30 45.68±5.49 43.18±6.75＊ 47.26±4.52 30.00±0.03＊

Q59976 6.5 5.86±0.19 5.91±0.19 5.83±0.09 6.54±0.11＊ 30 46.03±6.29 43.89±7.00＊ 47.45±4.09 30.00±0.03＊

Q9H227 6.5 5.84±0.09 5.88±0.14 5.83±0.10 6.43±0.12＊ 50 46.08±4.95＊ 44.48±5.64＊ 47.36±4.30＊ 50.01±0.04＊

Q746L1 6.5 5.70±0.24 5.68±0.34 5.73±0.21 6.44±0.21＊ 88 57.95±15.12＊62.97±16.16＊53.58±10.37 87.99±0.04＊

B9K7M5 6.5 5.68±0.25 5.68±0.37 5.73±0.21 6.35±0.21＊ 95 58.47±14.94 64.33±17.67＊53.58±10.59 94.96±0.18＊

Q08IT 7 7 5.85±0.13 5.89±0.15 5.82±0.08 6.93±0.12＊ 30 46.20±5.24 44.36±5.71 47.74±3.61 30.00±0.03＊

Q6QGY5 7 5.85±0.11 5.89±0.14 5.83±0.10 6.98±0.11＊ 40 45.91±5.09＊ 43.97±5.75＊ 47.29±4.46＊ 40.01±0.04＊

Q47RE2 7.2 5.85±0.15 5.90±0.17 5.83±0.09 7.14±0.13＊ 25 46.08±5.94 43.87±6.77 47.39±4.22 24.99±0.06＊

V alid-
ation

Q08638 3.2 5.69±0.24 5.67±0.37 5.74±0.21 5.71±1.26＊ 85 58.43±15.30＊64.99±18.80＊53.66±10.85 67.71±14.73＊

B5TWK3 4.5 5.62±0.31 5.51±0.36 5.71±0.22 5.12±0.90＊ 22 58.70±17.26 61.04±16.14 52.92±9.54 59.08±9.07

Q12715 4.6 5.64±0.28 5.54±0.34 5.71±0.21 4.66±0.25＊ 65 56.34±11.80＊58.90±11.34＊52.66±8.53＊ 69.91±0.76

B5TWK3 5 5.62±0.31 5.51±0.36＊ 5.71±0.22 5.12±0.90＊ 37 58.70±17.26＊61.04±16.14＊52.92±9.54＊ 59.08±9.07

B6ZKM3 5 5.81±0.14 5.79±0.27 5.78±0.09 5.92±1.59＊ 30 48.50±5.77 51.01±10.65＊49.31±3.72 49.29±17.14＊

Q2U UD6 5 5.68±0.20 5.57±0.32＊ 5.72±0.18 4.96±0.66＊ 60 54.37±10.84＊56.98±11.75＊51.92±7.17＊ 60.20±4.11＊

Q9SPK3 5 5.84±0.11 5.90±0.15 5.83±0.09 6.09±0.98＊ 50 46.03±5.38＊ 43.75±6.48＊ 47.32±4.38＊ 62.34±9.92＊

A9UIG0 6 5.66±0.26＊ 5.54±0.34＊ 5.71±0.21＊ 4.93±0.25 70 55.32±10.19＊58.71±11.27＊52.69±8.67＊ 70.02±0.10＊

O61594 6 5.83±0.09＊ 5.87±0.11＊ 5.82±0.08 5.53±1.29＊ 30 46.64±4.28 44.75±5.14 47.88±3.89 60.57±10.65

Q12601 6 5.80±0.19＊ 5.78±0.25＊ 5.79±0.12＊ 5.26±1.00＊ 35 48.04±5.40 48.37±8.17＊ 48.83±4.06 60.97±10.07

P26208 6 5.85±0.18＊ 5.89±0.26＊ 5.81±0.10＊ 6.84±1.22＊ 65 47.14±6.83 48.22±8.77＊ 48.77±4.16 59.84±14.00＊

P10482 6 5.80±0.13＊ 5.79±0.16＊ 5.79±0.05 5.54±1.55＊ 80 49.34±5.86 50.58±5.71 49.24±2.64 57.36±17.67＊

P96316 6.2 5.68±0.23 5.57±0.34＊ 5.71±0.20 5.76±1.23＊ 35 55.81±14.34＊61.65±16.69＊53.46±12.27＊65.98±11.55

Q9C3Z9 6.4 5.70±0.20 5.59±0.32 5.71±0.20 5.36±1.05＊ 50 54.70±12.02＊60.20±16.63＊53.20±10.99＊73.78±13.01＊

Q9H227
V168Y

6.5 5.84±0.10 5.88±0.14 5.83±0.10 6.51±0.30＊ 50 46.03±4.97＊ 44.40±5.66＊ 47.35±4.32＊ 47.99±2.88＊

P96316 6.6 5.68±0.23 5.57±0.34 5.71±0.20 5.76±1.23＊ 45 55.81±14.34＊61.65±16.69＊53.46±12.27＊65.98±11.55＊

To tal
perfo r-
mance

- - 9 15 7 38 - 24 33 20 33

No.:am ino-acid composition ,σI:inductiv e eff ect scale ,σα:no rmalized pola rizability index , f(i):f requency o f the 1st re sidue in turn , DP:am ino-acid distribution probabili-
ty , Tm:temperature , ×:multiplication.

3　Discussion

　　The model used in this study can account fo r

any po ssible interaction betw een pH value and tem-

perature if such an interact ion would exist.Statisti-

cal ly , the tw o-way ANOVA could detect a possible

inte raction betw een pH value and temperature al-

though the available data should be well designed
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fo r this purpo se , which are not the case for the data

in this study .So , the neural netw ork model has a big

advantage over other models , which usually account

fo r a sing le predicted variable.

　　Fig.4 　Percentag e o f cor rectly predicted optimum pH

value and optimum tempera ture by different amino-acid fea-

ture s

　　(a)Jack Knifing of dele te-1 gluco sidase ,(b)13-fold cr oss-

valida tion ,(c)3-fo ld cro ss-va lidation.

　　—○—:pH by σ1 ×No., — —:pH by σα×No., —□— :pH by f

(i)×No., —◇—:pH by DP , —★—:Tm byσ1 ×No., — —:Tm by σα

×No., —◆—:Tm by f(i)×No., —◎—:Tm by DP.

　　pH:optimum pH value , Tm:optimum tempera ture , No.:

amino-acid composition , σI :inductiv e effec t scale , σα:no rmal-

ized po larizability index , f(i):f requency o f the 1st residue in

turn , DP:amino-acid dist ribution probability , ×:multiplica-

tion.

　　Actually , the prediction o f optimal wo rking

condi tion for enzymes is an understudied area , thus

i t i s impo rtant to develop methods along this line of

studies.Expe rimentally and practically , it is impo r-

tant to develop methods to use as simple info rmation

as possible to predict the optimal w orking condition

fo r enzymes.

　　Fo r an experimentalist , it w ould be easier to

measure optimum pH value as w ell as optimum tem-

perature than to predict.However , it is only the

model that can provide the basis for g enerali zation .

Moreove r , the model w ould provide the basis for

simulation of cataly tic reaction using computer.

Thus , our study can be considered as a small step

tow ards such direction.

　　The resul ts suggest that the amino-acid distri-

bution probability appears be tter than othe r features

o f amino acids , which is reasonable because it is

mainly related to amino-acid spatial dist ribution .

Never theless , more studies are needed in o rder to

bet ter predict the opt imal w o rking condit ions in di f-

ferent enzymes.
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科学家研制新型催化剂让二氧化碳变成低成本液态燃料

　　太阳是地球上主要的能量来源 ,更好地利用丰富的阳光是所有新能源专家试图摘取的“圣杯” 。科学家很

早就知道如何将水和二氧化碳转变为氢气和一氧化碳 。但是如何高效 、批量 、而且低廉地转换一直困扰着科学

家。其中的一个“拦路虎” ,是转换过程需要昂贵且稀有的铂或铱等元素来作催化剂 ,以促使反应发生。最近科

学家将目光投向了二氧化铈 ,金属铈的氧化物二氧化铈常用于自洁烤箱内壁 ,可作催化剂使用 ,铈储量丰富 ,转

换成本低 。

　　经过反复实验尝试 ,科学家们研究开发出一种太阳能反应器 。该太阳能反应器采用低成本的二氧化铈作

为催化剂集中太阳的热量 ,当将二氧化铈加热至约 1500摄氏度高温时 ,会自动地从其结构内释放出氧气;接着

将其冷却 ,氧气离开后留下的空白需要新氧气来填满。在约为 900摄氏度的较低温度时 ,铈 、氢气和碳都需要

氧气 ,但是铈的需求更强烈 ,于是 ,它就会从水和二氧化碳中“掠夺”氧气来填满这些空白 ,因此 ,水和二氧化碳

就变成了氢气和一氧化碳 。大量的氢气和一氧化碳结合在一起可形成液态燃料 ,为汽车 、手提电脑和全球定位

系统(GPS)供电 。

　　但是 ,目前这个将太阳光 、二氧化碳和水转变为液态燃料的反应器的转换效率不足 1%。科学家表示 ,理

论上反应器的转换效率可达 15%以上 。此外 ,科学家也希望能找到比二氧化铈更好的燃料 ,降低发生反应所

需要的高温和低温。

(据科学网)
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