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Abstract The microstructure of human tumor necrosis factor alpha(TNF— )and its 

mutant(TNF—b)has been investigated by utilizing positron annihilation lifetime spectroscopy， 
radioiodination of human TNF and L929 ceHs assay．The experimental results show that the 

long lifetime(7"2)and corresponding intensity( )of lower ortho—positronium annihilation in 
TNF． are longer and less than those in the TNF—b．respectively．It suggests that the TNF—b 

is sm aller in free vohliD．e and higher in density than the TNF— ． Thc TNF．b may maintain 

a morc favorable conformation for binding to TNF receptors，thus increasing its biological 

activity．It is then concluded that the increases in the cytotoxicity and in the density for the 

TNF．b result frOlD-the decreases in the free vohune in the TNF．b． 
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1 Intr0ducti0n 

Human tumor necrosis factor alpha fTNF— 

1 is a multifunctional cytokine which is a 

17 KD protein having cytotoxicj cytostatic，im- 

munomodulatory as wcll as other activities． 

and is also involved in septic shock． The role 

of TN F— as an anticancer therap curie agent 

has been investigated．The clinical trails have 

shown that lOCal in ection of TNF— into tu— 

mor loci and systemic administration may lead 

tumor regression in some CaSeS，howeverj the 

severe toxic complications of TNF— limit the 

utility of the currently available agent． 

A TNF— murant．designated as TNF—btl1
． 

has two basic amino acid residues(Lys—Arg) 
substituted for 3—8 ami no acid residues fSer— 

Ser—Ser—Arg—Thr—Pro1． The cytotoxic activity 

of TNF—b against mouse eell L929 is four fold 

higher than that of TNF— ． 

Positron annihilation lifetime spectroscopy 

fPALS1 is an useful tool for the study of TNF． 

This technique is sensitive to change in free vol— 

ume caused by TNF_b【l 21．so the measurable pa- 

rameters of importance are lifetime n and cor— 

responding intensity I2．The I2 represents per— 

centage of annihilation events due to the lower 

o—Ps annihilation．it relates to the free vohlme 

number，the 7_2 iS lifetim e of the lower o—Ps an． 

nihilation，it relates to the free volume size． 

A simple quantum—mechanical calculation for a 

square well leads to the approxim ate result[3J： 

= const X V0 r f11 

where V is the volume of the potential wel1． 

it may bc thought of as the free volume ap— 

proximately and the constant is determined by 

unit of the wcll depth and the 7_2，where T2 is 

the probability for two-quantum annihilation by 

pickoff．Thus，the microstructure of the TNF—b 

is probed by the change of the intensity I2 and 

lifetime n in lower o—Ps annihilation． 

2 Experim ental 

Materials：The solution of the samples for 

positron annihilation studies were prepared by 

lyophilizing．no any TNFs involved in the solu— 

tion as a contro1． The powder of each sample 

was filled into tile mylar film sample holder hav— 

ing a volume of lcm xlcm x 0．2 cm． 

The positron annihilation lifetime mea— 

surcments were done by a fast—fas t coincidence 

circuitry positron lifetime spectrometer mod— 

ifled from the fast—slow delayed coincidence 
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positron lifetime spectrometer fCANBERRA1 

with a resolution of 290ps． A 22Na positron 

source of 740 kBq was sandwiched between two 

pieces of the TNF samples．This assembly was 

then placed between two detectors． The t0． 

tal counts of each lifetime spectrum were upto 

5 x 1 0 with good statistics．The lifetime spec— 

trum was resolved into two components as fol- 

】ows： 

N(t)=Nlexp(一rlt)+N2exp(一r2t)+B (2) 

where r1 and r，are the annihilati0Il rate con— 

stants freciproca1 values of the lifetime1 for tile 

two modes of annihilation，N1 andⅣ'are char— 

acteristic constants for each component and B 

is the background resulting from random coin— 

cidences．A short lifetime component flifetime 

T1 and corresponding intensity I1)related to 
the rapid free annihilation of a positron and 

para—positronium (p-Ps)selfannihilation，and 

the long lifetime component flifetime and 

corresponding intensity )were obtained by a 
POSIFIT—EXTENDED program． 

Human TNF—Q was iodinated with lz5I by 

the iodogen method．Briefly．20#g hTNF—Q and 

74 MBq Nalz5I in 100#1 PBS were incubated 

with a glass bead coated with 0．47#g iodine 

for 1 rain．L4J The labeled TNF—Q was separated 

from free iodine by filtration on a Sephadex G 

25 column equilibrated with PBS and saturated 

with 0．2％ BSA．The『 2 I1一TNF—Q had a specific 

activity of 0．4 MBq／#g．The majority(80％)of 
the initial bioactivity was recovered．as deter— 

mined by the L929 cytotoxicity assay． 

The relative receptor binding inhibition activ— 

itv fRBI1 0f TNF mutant is defined as tile fol— 

lowing：RBI of TNF—-b=(ID50TNF／IDsoTNF—- 

b)x 100％，where D50，half-iI1hibiti0n dose，is 
defined as the amount of a protein to inhibit 

50％ of the『 2 I1一TNF binding in the receptor 

binding inhibition assay． 

TNF cytotoxicity assay was done with 

L929 cells assay． 

3 R esults and discussion 

Fig．1 gives the positron annihilation lifc— 

time spectra for the control sample．TNF—Q and 

TNF—b． The parameters of above mentioned 

spectra are summarized in Table 1． The bio 

logical characterizati0n is shown in Fig．2． 
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Fig．1 Positron annihilation lifetime spectra for 

the control sample(a)，TNF一 (b)，and TNF-b(c) 

Binding assays were performed by us— The difference in the positron annihilation 

ing the 24-well method． Briefly ， the tar— lifetime spectra for the control sample，TNF— 

get cells were seeded in 24一well tissue cul— Q and TNF—b is very obvious(Fig．1)．It indi— 
ture plates at 2．5×100 cells／well and incubated 
overnight at 37。C，5％ CO2．F0r the competi— 

rive radiolabelled ligand assay，a serial dilutions 

f100 t0 0．1 n mol／L)of unlabelled TNFs and 
0．6 n mol／L f 51]．TNF—Q were added to tripli- 
care wells．The two remaining wells contained 

only labeled hTNF—Q ftotal binding1，and a 

500一fold excess of unlabelled hTNF—Q (back— 

ground1，respectively． The all reactions were 

done in 0．5ⅡlI eelI culture medium at 4。C for 

2 h．Unbound f 2 I1一TNF was removed by wash— 

ing with cold PBS and the radioactivity bound 

to the cells was quantified in a gamma counter． 

cared that the variation of their 1ong lifctime 

( )took place． It can be seen that the free 

volume of TNF—Q is more than that of TNF-b： 

and the density of TNF—Q is less than of TNF— 

b．It seems that difference of conform ation be— 

tween TNF—Q and TNF—b is rather large；and 

the variation in conformation of a TNF llaS a 

pronounced effect on its biologicaI activity． 

TNF—Q mediates its activities by bind— 

ing to specific receptors on the surface of 

cells． ， J Two distinct TNF receptors of 55 KD 

(TNF—R551 and 75KD(TNF—R751 llave been 
identified． The TNF—R55 mediated cytotoxic 
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response and TNF—R75 mediates proliferation response 

Table 1 Parameters of positron annihilation lifetime spectra for the samples 
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Fig．2 Com petition of non—labeled 11TNF—o／and its 

mutants with 。I labelled 1LTNF for binding to 

(a)L929cellsj(b)Hep．2 cells and(c)U937 cells． 
Target cells were incubated with 0．6 n mol／L f I1一 

hTNF一 and graded amounts of non—labelled 

11TNF—o／fo)，TNF．b f·)at 4。C for 2h． 

In cytotoxicity assay with L929 cells，TNF— 

b has shown 4．5一fold higher activity than TNF— 

． The specific activities for TNF—b and TNF— 

are 9x 10 unit／mg and 2×10 unit／mg．re— 
spectively．In order to determine whether the 

altered biological activities of TNF b are caused 

by altered binding to the target ceils，compet— 

irive radiolabelled ligand binding aSSays were 

performed， which showed that the effect of 

TNF—b almost unaltered compared to TNF— 

when『 25I1一TNF was used as a competitive in— 
lfibitor for binding to L929 cells． These re— 

suits suggested that the relative cytotoxicitics 

0f TNFs to L929 cells might correlate with their 

a伍nity for the receptors．W le also tried on HEP一 

2 fonly carries hTNF—R551 and U937 fexpresses 

mainly 1lTNF—R75)eell lines in this experiment 

and found that tile c0ncentratioI1s 0f TNF—b re— 

quired to 50％ of binding to HEP一2 cells and 

U937 cells were about 2-fold lower and 40一f0ld 

higher than those of TNF，respectively(Fig．2)． 
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