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Abstract 

Ordinary capillary-zone electrophoresis (CZE), as well as CZE in a sodium dodecylsulfate-containing polymer 
solution (SDS-CZE) and capillary isoelectrofocusing (CIEF), was applied to the analysis of low molecular weight 
proteins in cerebrospinal fluid (CSF) from patients with various neuropsychiatric disorders. Under the CZE 
conditions employed, a peaks of fl-trace protein (flTP), which is the most abundant low MW protein in CSF, was 
clearly detected on the electropherograms of all the samples examined, and the CSF flTP level could be tentatively 
determined using allylamine added at a constant concentration as the internal standard. The results revealed that flTP 
in CSF was non-specifically increased in organic diseases in the central nervous system (CNS), especially in ones 
giving severe physical damage to the brain tissues. On the other hand, SDS-CZE allowed us to determine 
simultaneously the CSF minor low MW proteins other than/ ]TP,  such as fl2-microglobulin, 7-trace protein, myelin 
basic protein, etc., while the CIEF electropherograms suggested that flTP were separated into several fractions with 
the different PI values. These capillary electrophoresis systems seem to be powerful as aids in the biochemical 
examinations of flTP and other low molecular weight proteins in CSF from patients with CNS diseases. © 1997 
Elsevier Science B.V. 
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1. Introduction 

Cereb rosp ina l  fluid (CSF)  has been b iochemi-  

* Corresponding author. Fax: + 81 0426 911094. cal ly s tudied  in connec t ion  with neuropsych ia t r i c  
~ Presented at the Seventh International Symposium on diagnosis .  I t  has been k n o w n  tha t  C S F  conta ins  

Pharmaceutical and Biomedical Analysis, August, 1996, Os- some m i n o r  p ro te ins  der ived  f rom the centra l  
aka, Japan. ne rvous  system (CNS)  tissues in add i t i on  to m a j o r  
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proteins originating from the blood plasma neuropsychiatric disorders later described in Sec- 
through blood-brain-CSF barrier [1]. Among such tion 3. Among these, 89 CSF samples from 76 
CSF minor proteins originated in the CNS, the patients were examined only by CZE and another 
most abundant component is /C-trace protein 11 were analyzed by SDS-CZE. Among these, 
(/~TP) with the mean molecular weight of 26 000- four were further treated by CIEF. 
27 000, which was discovered by Clausen [2]. It 
has also been elucidated by recent studies that 2.3. Preparation of the samples to be examined 
flTP is a sialoglycoprotein synthesized in the CNS 
[3] and that its primary structure is identical with This was carried out by the combination of 
that of prostaglandin D synthease [4,5]. Some centrifuging ultrafiltration using membranes with 
other CSF low MW proteins synthesized in the the different cut-off values of MW. In the case of 
CNS, such as 7-trace protein (TTP, MW: 12 300), 89 samples examined by CZE, a constant volume 

each (2.5 ml) of intact CSF was centrifuged at myelin basic protein (MBP, MW: 18 000), etc., are 
also characteristic to CSF [6]. It is therefore ac- first in Centricon-30 miniconcentrators (Amicon 
cepted that the qualitative and quantitative Japan) at 2000 x g for 30 min at 4°C, until the 
changes in these CSF low MW proteins can reflect complete concentration to the dead stop volume 

of 50 pl was achieved. Then, 2 ml portions each of pathological conditions in the CNS more accu- 
rately than those in the CSF major proteins from the first step ultrafiltrates were further treated 
the blood plasma, with Centricon-10 (Amicon Japan) in a similar 

Capillary electrophoresis (CE) has been noticed manner. The ultra-filtrating membranes of these 
in the field of clinical biochemistry as a rapid and tools allow only solutes with the MW below 
simple microanalysis for various substances in- 30 000 and 10 000 to pass through into the ultrafi- 
cluding proteins [7]. The authors applied this new ltrates, respectively. Therefore, it was expected 
technique to the analysis of low MW proteins of that the final concentrates (50 pl) in the second 
CSF, the bulk of which is originated in the CNS step ultrafiltration contained low MW proteins 
tissues. Ordinary capillary-zone electrophoresis with the MW between 10 000 and 30 000 at their 
(CZE) was mainly employed, although in some highest concentrations. This is the low MW 
cases the CZE analysis in a sodium dodecyl sul- protein fraction. In order to detect components 
fate (SDS)-containing polymer solution (SDS- characteristics to this fraction, the first step con- 
CZE) and capillary isoelectrofocusing (CIEF) centrates in which major CSF proteins with the 
were also applied. MW more than 30 000 (e.g. albumin, transferrin, 

immunoglubulins, etc.) were concentrated (the 
major protein fraction) and the second step ultra- 

2. Materials and methods filtrates containing only CSF components with the 
MW below 10000 (the small substance fraction) 

2.1. Chemicals were also examined by CZE. Another 11 CSF 
samples were treated in the first step ultrafiltration 

All the reagents were of analytical grade. The with Centricon-50 having the ultrafiltrating mem- 
authentic samples of ~-acid glycoprotein (~AGP) brane with the cut-off MW value of 50 000, and 
and fl2-microglobulin (flMG) were purchased only the second step concentrates in which CSF 
from Sigma. The standard sample of flTP was components with the MW between 10000 and 
supplied by Dr. Yoshihiro Urade of Osaka Bio- 50 000 were concentrated at their highest concen- 
science Institute. trations were analyzed by SDS-CZE (and CIEF). 

2.4. Capillary electrophoresis 
2.2. CSF samples 

2.4.1. CZE 
A total of 100 CSF samples were taken by CZE was carried out by the use of a Beckman 

lumbar puncture from 87 patients with various P/ACE 2000 unit equipped with a fused silica 
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capillary (75 gm x 50 cm) and an ultraviolet (UV) with the known MW of 92 500 (phosphorylase b), 
absorbance detector operated at 280 nm. Aliquots 66 200 (bovine serum albumin), 45 000 (ovalbu- 
(20 gl each) of the samples to be examined were min), 31 000 (carbonic anhydrase) and fl2-mi- 
placed in sample vials, and a constant volume croglobulin (MW: 11 700). These conditions are 
each was withdrawn and injected into the capil- the same as those employed in our previous study 
lary by pressure of 0.5 psi. The injection time was on oxidative degradation of human serum albu- 
10 s in examination of the major protein fraction min by the action of L-ascorbic acid and Cu ÷ ÷ 
and 40 s in that of the low MW protein fraction [9]. 
and the small substance fraction, respectively. In 
the case of the low MW protein fraction, prior to 2.4.3. C l E F  

the injection, the samples to be examined were One-step ClEF was done using a Beckman 
mixed with 5% aqueous allylamine as the internal 5000 unit equipped with a eCAP T M  Neutral Capil- 
standard for determination of flTP, at a ratio of laray (50 gm x 20 cm) operated in reversed polar- 
9:1 (18 and 2 gl, respectively). Separation was ity mode. The anolyte (10 mM phosphoric acid) 
achieved at 20 kV using 50 mM sodium tetrabo- and the catholyte (20 mM sodium hydroxide) 
rate (pH 9.2)with or without 1 M 3-(trimethylam- were placed at the outlet and the inlet, respec- 
monio)propylsulfonate (Z~-methyl) (Nihon tively. The capillary is rinsed at first with the 
Waters) as an electrolyte. Z~-methyl was added anolyte, and then filled with the mixture (1:1) of 
only in the analysis of the major protein fraction, samples to be examined and the ampholyte solu- 
These conditions were generally same as those tion consisting of purified water, 1% hydrox- 
employed in our preliminary research on the CZE ypropylmethylcellulose (HPMC), 
analysis of CSF protein and amino acids except N,N,N' ,N ' - te t ramethyle thy lene-diamine  

for the apparatus used and the detection wave- (TEMED) and Pharmalyte 3-10 (Sigma) at a ratio 
length [8]. of 9:80:3:20. Injection of the sample mixtures 

required 2 min. HPMC was added to provide 
2.4.2. S D S - C Z E  viscosity and reduce the electroosmosis flow. The 

SDS-CZE employing a Beckman P/ACE 2 0 0 0  concentration of TEMED as a gradient extender 
unit and eCAP TM SDS 14-200 kit was performed was adjusted so that when an electric field was 
in a fused silica capillary (100 gm x 47 cm) oper- applied the ampholyte pH gradient forms in the 7 
ated in the reversed polarity mode. Twenty-five pl cm between the detector and the capillary outlet. 
each of the samples to be analyzed was mixed The isoelectrofocusing was achieved at 4.67 kV, 
with 50 p,1 each of 120 mM trishydrox- and the detector was operated at 280 nm. The 
yaminomethane buffer (pH 6.6)-1% SDS (the correlation between the Mt and isoelectric point 
sample buffer of this kit), 5 gl of 0.1% Orange G (PI) values were obtained by coanalysis of marker 
(OG) (the front marker), 2.5 lal of 2-mercap- proteins (Beckman) with the known PI values of 
toethanol and 20 gl of dionized water. The mix- 9.6 (cytochrome C), 8.8, 8.6, and 8.2 (lentil lectin), 
tures thus prepared were heated at 95°C for 5 5.9 (carbon anydrase II) and 5.1 (fl-lactogloblin). 
min. After cooling, a constant volume each of the Identification of proteins were performed by the 
mixtures was injected by pressure (0.5 psi) for 60 mixed analysis with the authentic samples, and all 
s into the capillary filled with a SDS-containing the CE data were treated with a computer soft- 
polymer solution (the gel buffer solution of this ware of System Gold (Beckman). 
kit whose contents have not been published by 
Beckman except that it is a polymer solution 
containing SDS). Separation was achieved at 14.1 3. Results and discussion 
kV, and the detector was operated at 214 nm. The 
correlation between the migration time (Mt) and The CZE analysis of three fractions of CSF: 
MW was evaluated by coanalysis of marker Typical electropherograms of the major protein 
proteins (Beckman) and the authentic samples fraction, the low MW protein fraction and the 
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small substance fraction were shown in Fig. 1. As Table 1 
shown in Fig. la, the patterns of  fractionated Results of the within-run reproducibility test for determination 

by CZE of the CSF flTP level 
major  proteins resembled to the densitograms of  
stained cellulose acetate strips and agarose-gel Run Values of the flYP leveP 
films except that the order of  migration was re- 
versed. On all the electropherograms, seven peaks 1 o.52 

2 0.56 
of the major  proteins (7-globulin, fl2-globulin, 3 0.53 
ill-globulin, ~2-globulin, ~l-globulin, albulin and 4 0.50 
prealbumin) in addition to an artifact peak of Mean value 0.53 
N a N  3 (an ultrafiltrating membrane component)  S'D'b 0.03 
and neutral signal were observed on the electro- R'S'D~ 5.67% 

pherograms (Fig. la). One analysis required only "Peak area ratios against the internal standard. 
10 rain. These electropherograms resembled to bStandard deviation. 
those obtained in our preliminary study on the ~Relative Standard Deviation. 
CZE analysis of  CSF proteins and amino acids 
except for the absence of the peak of glutamine lc, some peaks other than N a N  3 and neutral 
(Gin) with no UV absorbance, since in that work signal were commonly observed on both of  the 
employing a Waters Quanta-4000 unit equipped electropherograms of the low M W  protein frac- 
with the detector operated at 185 nm, the peak of tion and the small substance fraction. They were 
Gin was detected within the region of  71-globulin presumably low M W  components  of  CSF, such as 
[8]. On the other hand, as shown in Fig. lb and aromatic amino acids, ascorbic acid, uric acid, etc. 

However, several peaks were also observed only 
on the electropherograms of the low MW protein 

~2~o,lm <~ fraction, and one of them with the Mt of  ca. 6 
l ~,~ min. was the most  abundant  (Fig. lb). This peak 

AF 4 )  c~ ' /~ was detected in all the 89 samples examined by 
N \ l ~.a~!2 J ( 5 ~ / /  t7 ~ CZE, and was identified as flTP. Its level in these 

. - ~ J . , ~ / ~  ~ Mt CSF samples could be tentatively determined us- 
,~ ~0 ing 0.5% (the final concentration) allylamine as 

2 8 0 ..... the internal standard (see Section 2). Precision of 
( b )  

the determination of  f lTP by this system was 
~s confirmed by the within-run reproducibility tests 

A P  ( S )  
~ ~  ~ (Table 1). One measurement took only 8 min. 
I , l ) (N!i n) 

4 8 

A~o ..... 3.1. Determination of flTP in CSF from patients 
<,~ with various neuropsychiatric disorders 

~ Typical electropherograms indicating the raised 
~"--~'3",'-~A , ~ 6 - 7 - / k ~  ~ and moderate levels of  CSF f lTP are shown in 

' )' (~Ii :~) 

8 Fig. 2. The peak area ratios of  f lTP against the 
Fig. 1. Typical CZE Electropherograms of the Major  Protein internal standard were calculated in individual 
Fraction (a), the Low MW Protein Fraction (b) and the Small samples. Its mean value and the standard devia- 
Substance Fraction (c); N: neural signal, AF: an artifact peak tion (S.D.), as  w e l l  as its distribution range, in 
of NaN 3 (a component  of the ultrafiltrating membranes),  IS: various disease and disease groups are summa- 
0.5"/0 allylamine as the internal standard, (1) 7-globulin, (2) rized in Table 2. As summarized in Table 2, the 
fl2-globulin, (3) fl,-globulin, (4) ~2-globulin, (5) ~l-globulin, (6) 
albumin, (7) prealbumin, (8) fl-trace protein, Mt: migration mean + S.D. value of  the f lTP level determined by 
time (min). this method in CSF so far examined was 0.29 + 
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0.27 (n = 89, range: 0.04-0,88). A clinically inter- Table 2 
esting finding was a fact that the CSF f lTP levels The CSF f lTP level in various diseases and disease groups 

in patients with organic diseases in the CNS, such Diseases or disease The f lTP level determined by 

as cerebrovascular diseases, inflammation of  brain groups CZE" 
and/or meninges, degenerative disorders, multiple 
sclerosis and epilepsy (mean _+ S.D.: 0.38 _+ 0.23, Mean _+ S.D. Range 

n = 54, range: 0.05-0.88) was significantly higher Organic diseases in the CNS  

(P < 0.05) than that of  ones with other neuropsy- Cerebrovascular diseases 
chriatric disorders giving no organic damage to Cerebral infarction 0.12-0.76 
the CNS, such as psychotic diseases, neurosis and (n = l l) 
peripheral neuropathy (mean + S.D.: 0.15 + 0.06, Cerebroarteriosclerosis 0.09 0.37 

- -  - -  ( n  = 7 )  

n = 2 5 ,  range: 0.04-0.23). The most elevated Total (n=18) 0.35_+0.22 0.09-0.76 
value of  CSF f lTP obtained by this method (0.88) Inflammation in Brain and~or meninges 
was found in a multiple sclerosis patient. Further- Meningitis (n = 6) 0.11 0.39 
more,  in patients with cerebrovascular diseases, Meningoencephalitis 0.15-0.54 

the value in cerebral infarction tended to be (n=3) 
Total (n = 9) 0.33 ± 0.14 0.11-0.54 

higher than that in cerebroarteriosclerotic Park±n- Degenerative disorders in the CNS 
sonism and/or dementia, and among epileptic pa- Parkinson's disease 0.14-0.49 
tients, one suffered from uncontrolled seizure (n=4) 
tended to exhibit the higher CSF f lTP level than Altzheimer's disease 0.18 0.38 

(n = 3) 
others whose seizure had been suppressed by the Others (n= 5) 0.12 0.41 
action of  anti-epileptic drugs (Table 2). These Total (n=12) 0.12 0.49 
data indicated that CSF f lTP is increased non- Epilepsy 
specifically in patients with organic diseases of  the Controlled (n = 5) 0.05 0.25 

Uncontrolled (n = 5) 0.08-0.44 
CNS, especially in  o n e s  which give severe physical Total (n = I0) 0.27 + 0.18 0.05 0.44 

damage to the brain tissues (e.g. cerebral infarc- Total (n = 54) 0.38 + 0.23 0.05 0.88 

tion, multiple sclerosis, etc). It was also notewor- Neuropsychiatric disorders giving no organic" damage to the 

thy that such increase of  /?TP in CSF was CNS 
virtually independent of  elevation of the total Psychotic disorders 

Shizophrenia (n = 5) 0.06-0.21 
CSF protein contents. However, in patients from Depressive illness (n= 0.10 0.18 

3) 
2 s 0 ,~ ~ Others (n = 2) 0.09 0.15 

i Total (n = 10) 0.15 ± 0.04 0.06-0.21 
Neurosis 

Total (n = 13) 0.15 ± 0.06 0.05 0.23 
X 

s ~ Peripheral Neuropathy 
~ Total (n = 12) 0.14 _+ 0.05 0.04-0.22 

_,,,/ \ M t Total (n = 35) 0.15 ± 0.06 0.04 0.23 
2 8 o ~ ,, ~ ~ > ( M ~ r, / Total (n = 89) 0.29 ± 0.27 0.04 0.88 

,1 8 

l aThe peak area ratio against the internal standard. 

~ ~ whom CSF samples were taken several times dur- 
ing the hospital treatments, the correlation be- 

~ ' ~ ~ - 4  ,~ -? ~'['~''~ tween changes in the CSF f lTP level and the 
clinical improvements were unclear. Therefore, it 

Fig. 2. The CZE Electropherograms of  the Low M W  Protein 
Fractions in CSF with the Raised Level (a) and the Moderate w a s  considered that the elevated level of  CSF 
Level (b) of  TP Levels; IS: the internal s tandard,  X: fl-trace flTP, as well as that of  neuron-specific enolase 
protein, Mt: migration time (min). [10] and MBP [11], can be used as an indicator of  
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A 2~ ~ nm O '~ the M W  of  11 500, 12 500 and 18 000 were clearly 
l ~ ~4~ observed on the S D S - C Z E  electropherograms 

(2) '-- ' 

]/ I ( , )A  ~5) (Fig. 3). They  were assigned as f lMO,  7TP and 
l ~ ~  ~ MBP,  respectively, by the mixed analysis with the 

2 o M,~ authentic sample (in the case o f  f l M G )  or  by the 
'1 'o 1'5 45, ooo' ~ ~ ~:~; fact that  their M W  calculated f rom the Mt  agreed 

. . . .  > Mw well with the reterature values (in the cases o f  ~TP 
1 1 ,  7 0 0  ~i, 0 0 0  

and MBP).  A b road  peak  (MW: 42 0 0 0 - 4 7  000) 
Fig. 3. A typical SDS-CZE Electropherogram of CSF MW also appeared on the e lectropherograms (Fig. 3). Proteins with the MW of 10000-50000; OG: Orange G as the 

It was confirmed that  e A G P  (MW: 46 000) was front marker, (1) flz-microglobulin (MW: 11 700), (2) ;~-trace 
protein (MW: 12300), (3) myelin basic protein (MW: 18000),  contained in this peak by the mixed analysis with 
(4) fl-trace protein (MW: 22000 29000), (5) 7cacid glyco- the authentic sample. As e A G P  is a main  compo-  
protein (MW: 46000) and others, Mt: migration time (min). nent o f  the serum el-globulin fraction, the bulk o f  

CSF c~AGP may  be derived f rom the b lood 
the occurrence o f  acute demyliat ion or severe plasma. Determinat ion  based on the peak area 
physical damage  in the brain tissues. Indeed, ear- ratios against O G  as the internal s tandard  could 
lier workers  reported that  CSF  f lTP was increased be carried out  even in the cases o f  minor  compo-  
in such kinds o f  diseases including brain t umor  nents other  than f lTP (Table 3). It has been 
[12-14].  Peaks o f  low M W  proteins other  than known  that  f l M G  is increased in CSF of  patients 
f lTP were barely detected on the CZ E  electro- with brain t umor  [15]. As described above, in- 
pherograms  of  a par t  o f  samples examined, al- crease o f  M B P  in CSF has been accepted as a 
though  its determinat ion could not  be performed marker  o f  acute demyliat ion and /or  severe physi- 
due to the small amount ,  cal damage  in the brain tissues [11], a l though the 

clinical significance o f  CSF 7TP has not  been 

3.2. S D S - C Z E  established. The present SDS-CZE system allowed 
us to determine simultaneously these CSF minor  
low M W  proteins within 20 min for one sample. 

As shown in Fig. 3, several peaks in addit ion to 
the peak of  O G  as the front  marker  were detected 
on the electropherograms.  A m o n g  them, a corn- 3.3. C l E F  

plex o f  three or  four  over lapped peaks corre- 
sponding the M W  of  MW :  23 0 0 0 - 2 9  500 was the A typical e lec t ropherogram was shown in Fig. 
most  abundant ,  and identified as f lTP. The 4. e A G P  with the PI  value o f  2.8 and M B P  with 
highest peak in these f lTP subfractions showed that  o f  10.5 were not  detected by this system for  
the M W  of  26000. Other  peaks corresponding to the analysis o f  proteins with the PI  values o f  

Table 3 
The CSF low MW protein levels determined by SDS-CZE ~' 

Low MW proteins MW b (n = 11) Mean+S.D. (n = 11) (%) Range (%) 

/]2-microglobulin 11 500 0.8 + 0.3 0.4 1.2 
7-trace protein 12 500 0.6 _+ 0.2 0.3 0.9 
Myelin basic protein 18 000 0.5 _+ 0.2 0.2 0.8 
fl-trace protein 23 000-29 500 ~ 10.4 + 3.3 5.6-16.2 
~Facid glycoprotein 42 000 47 000 d 1.8 + 0.6 0.9-2.7 

~Peak areas ratios against Orange G as the internal standard. 
bThe values obtained by the present SDS-CZE system (see text). 
CA complex of 3 or 4 overlapped peaks (see Fig. 3). 
dA broad peak containing cq-acid glycoprotein (MW: 46 000) as one of its component. 
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p I  ( " ~ l  I I I 
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