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SUMMARY: T cel l  growth factor  produced by the MLA144 g i b b o n ~  lymphosarcoma - 
T lymphocyte l ine was separated into two molecular forms of Mr~16;300 and ......... 

M r 14,300 which were pur i f i ed  32,000-fold and 82,000-fold, respect ive ly ,  and 
which in combination const i tu te  the major i ty  of b io log ica l  a c t i v i t y  of the 
s ta r t ing  mater ia l .  The overal l  recovery of b io log ica l  a c t i v i t y  was 50%. This 
was accomplished with a series of chromatographic steps inc luding reverse-phase 
high pressure l i qu id  chromatography. The pur i f i ed  proteins are of comparable 
spec i f ic  a c t i v i t i e s  and each maintains the DNA synthesis of T ce l l  growth 
factor-dependent human T ce l l  l ines at concentrations of less than 
approximately 18 pM (300 fg /ml ) .  

T cel l  growth factor  (TCGF 1, also known and In te r leuk in  2),  f i r s t  

described by Gallo and his colleagues in 1976 ( i ) ,  is a protein produced by 

normal T lymphocytes of many species upon st imulat ion by lec t ins  or antigens 

(2). TCGF is mitogenic for  act ivated T lymphocytes (2) and may thus be 

essential  for  the expansion of ant igen-speci f ic  precursors to form funct ional  

populations of helper, suppressor and cytotox ic  T lymphocytes. As has been 

noted by others (3,4) ,  unpur i f ied or p a r t i a l l y  pur i f ied  preparations of TCGF 

contain in te r fe r ing  substances which prevent precise del ineat ion of the 

s t ructure and mechanism of action of th is  lymphokine. In th is  study, we 

present conclusive evidence for  the existence of two molecular ly d i s t i n c t  

species of TCGF of s im i la r  speci f ic  a c t i v i t y  obtained in h igh ly  pur i f ied  forms 

i Abbreviat ions: TCGF, T cel l  growth factor ;  Na/K P1, NalK phosphate 
buffer pH 7.4; GF-HPLC, gel f i l t r a t i o n  high pressure l i qu id  
chromatography; RP-HPLC, reverse phase high pressure l i qu id  
chromatography; TFA, t r i f l u o r o a c e t i c  acid; SDS-PAGE, Sodium dodecyl 
sul fate polyacrylamide gel e lectrophoresis;  2-ME, 2-mercaptoethanol. 
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which comprise the major i ty of TCGF produced by MLA144 (9), a gibbon ape 

lymphosarcoma T lymphocyte l i ne .  

MATERIALS AND METHODS 

Production of TCGF. MLA144 ce l ls  were maintained as described by Rabin et 
al (9) and expanded to large numbers in spinner cul tures.  For TCGF production 
the ce l ls  were placed in spinner cultures at 1.7 X 106 ce l ls  per ml without 
serum (3.5 to 4.0 l i t e r s )  for  72 hr at 37°C. Conditioned medium containing 
TCGF was harvested by centr i fugat ion at 1,000 x g for  30 min at 4°C. 

Concentration steps. Four l i t e r s  of conditioned medium was adjusted to pH 
7.2 with i N NaOH and applied to two 50 ml columns of hydroxylapat i te (HTP 
Grade, Bio-Rad, Richmond, CA) equi l ibrated in 5 mM Na/K phosphate buffer~ pH 
7.4 (Na/K Pi) .  TCGF was eluted with 90 ml/column each of 85 mM and 115 mM 
Na/K Pi, pooled, supplemented with polyethylene glycol-8000 (PEG-8000) to a 
f ina l  concentration of 0.1% (w/v) and dialyzed vs 50 mM NaCI, 0.1% (w/v) 
PEG-8000, 5 mM Na/K Pi (d ia lys is  buf fe r ) .  The unbound material from two 40 
ml columns of DEAE-cellulose (DE52, Whatman, England) equi l ibrated in d ia lys is  
buffer contained the TCGF a c t i v i t y  and was applied to a 10 ml hydroxylapat i te 
column equi l ibrated with d ia lys is  buf fer ,  eluted with 15 ml of 400 mM Na/K 
Pi, 0.1% (w/v) PEG-8000 and concentrated to between 0.5 and 1.0 ml by 
u l t r a f i l t r a t i o n  using Amicon s t i r red  ce l ls  and YM5 membranes. 

Gel F i l t r a t i o n  HPLC (GF-HPLC). GF-HPLC was performed on u l t r a f i l t e r e d  
material using a Varian 5000 series HPLC system, UV-50 absorbance detector,  and 
a TSK G2000 SW column (7.5 X 500 mm) equi l ib ra ted with 150 mM NaCI, 0.3% (w/v) 
PEG-8000, 10 mM Na/K Pi at a flow rate of 0.5 ml/min. The Amicon concentrate 
was applied in 100 ~I a l iquots,  each containing 2 to 3 mg of tota l  protein.  

Reverse-Phase HPLC (RP-HPLC). Al l  reverse-phase HPLC was performed on 
Waters ~-Bondapak C18 columns (3.9 X 300 mm) using the HPLC system described 
above. The gel f i l t r a t i o n  f ract ions containing TCGF a c t i v i t y  were pooled and 
applied to a column equi l ibrated in H20: - t r i f l uo roace t i c  acid (TFA), 100:0.5 
(v :v ) ,  the pH of which had been adjusted to 3.0 with NH4OH. Proteins were 
eluted at a f low rate of 0.3 ml/min with a n-propanol gradient of O.3%/min in 
the same buf fer .  Two peaks of TCGF bio logical  a c t i v i t y  were obtained, the 
f i r s t  of w'-ich was d i lu ted to a f ina l  n-propanol concentration of 10% and 
applied to a second C-18 column equi l ibrated in H20 with su f f i c i en t  TFA to 
lower the pH to 2.2 (-0.05-0.10%, v :v) .  Proteins were eluted as described 
above at pH 2.2. 

Assay for  TCGF Biological Ac t i v i t y .  TCGF was assayed by a modif icat ion of 
the costimulator assay described by Shaw et al (5). A/SN st ra in mice (4-10 
weeks of age) were k indly supplied by Dr. Donald C. Shre f f le r .  T i ters  of TCGF 
were determined by ser ial  d i l u t i on  of samples and comparison to a crude MLAI44 
conditioned media standard a r b i t r a r i l y  assigned a concentration of 1 unit  of 
TCGF/ml. 

Sodium dodecyl sul fate polyacrylamide gel electrophoresis (SDS~PAGE). 
Electrophoresis was performed as described by Taemmli in 15% acrylamide, 1.0 mm 
th ick slab gels (6). Proteins were visual ized by a s i l ve r  staining technique 
(7). M r was cal ibrated using standard proteins. 

Protein Determination. Protein was assayed by a modif icat ion of the 
technique describea--b-y Lowry (8). The protein content of the RP-HPLC f ract ions 
was estimated by performing SDS-PAGE and comparing the s i l ve r  staining 
in tens i ty  of the proteins in these f ract ions with the staining in tens i ty  of 
known amounts of protein standards. 

RESULTS AND DISCUSSION 

The MLA144 cel l  l ine used here cons t i t u t i ve l y  produces TCGF t i t e r s  

comparable to those obtained from lec t in  activated single-donor human 

peripheral blood lymphocytes (9) but avoids potent ia l  stimulus a r t i f ac t s  of the 

763 



Vol. l 1S, No. 2, 1983 BIOCHEMICAL A N D  BIOPHYSICAL RESEARCH COMMUNICATIONS 

TABLE I 
Summary of Pur i f icat ion of TCGF 

TCGF Total Specific Pur i f icat ion % Yield 
Units Protein, u9 Ac t i v i t y *  per step overall per step overa l l  

Starting CM 3810 - 128,100 0.030 . . . . . . . .  
is t  HA + 3070 67,800 0.045 1.5 1.5 81 81 
DE52 2~20 16,100 0.15 3.3 5.0 79 64 
2nd HA + 4380 14,800 0,30 2.0 i0 181 115 
GF-HPLC 3210 1,900 1.71 5.7 57 73 84 
1st RP-HPLC 

TCGF-I 1610 2.95 545 319 18,300 50 42 
TCGF-II 907 - 0.37 -2,450 1430 - 82,300 28 24 

2nd RP-HPLC 
TCGF-I ++ 635 - 0.64 ~i,000 1.8 33,600 64 27 

* Units TCGF per ~g protein 
+ HA = hydroxylapatite 
++ i000 units of TCGF-I from the f i r s t  RP-HPLC column was applied to the second 
RP-HPLC column. 

l a t t e r  ( i i ) .  A f te r  u l t r a f i l t r a t i o n  the TCGF o r i g i n a l l y  present in 4 l i t e r s  of  

condi t ioned medium was present in a volume of 0.5-1 ml, the recovery of 

b i o l o g i c a l  a c t i v i t y  was apparent ly  q u a n t i t a t i v e  and a lO - fo ld  increase in 

spec i f i c  a c t i v i t y  of TCGF had been achieved. (Table I ) .  The t o t a l  recovery of 

TCGF b i o l o g i c a l  a c t i v i t y  from the second hydroxy lapa t i t e  column has 

cons i s ten t l y  been greater  than 100%. This probably r e f l e c t s  removal of 

substances which are i n h i b i t o r y  in the cost imula tor  assay. When th i s  mater ia l  

was appl ied to GF-HPLC (Fig. 1) TCGF eluted wi th a re ten t ion  volume 

corresponding to a g lobu la r  p ro te in  of M r 23,600 (range 18,600-30,900). This 

is consis tent  with the resu l t s  of Rabin et al (9) fo r  MLA144-derived TCGF. 
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Figure 1: GF-HPLC of TCGF on TSK G2OOOSW. A lOOu] al iquot of TCGF eluted from 
t e ~ d  hydroxylapatite column and concentrated by u l t r a f i l t r a t i o n  was 
fractionated in 150 mM NaC1, 0.3% (w/v) PEG-8000, 10 mM Na/K Pi, pH 7.4 at a 
flow rate of 0°5 ml/min. The column was calibrated with bovine serum albumin 
(BSA, M r 68,000), ovalbumin (OVA, M r 45,000) and cytochrome C (cyto C, M r 
12,500). 
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RP-HPLC of TCGF. TCGF e l u t i n g  from GF-HPLC between 13.0 and 14.5 ml 
( f i g u r e  1) was f r a c t i o n a t e d  on a ~Bondapak C18 column as desc r ibed  in the  
text using a mobile phase containing 0.5% (v]v) TFA buffered with NH40H to pH 
3. ( -  - - )  % n-propanol .  One-minute f r a c t i o n s  were c o l l e c t e d .  

When TCGF purified through GF-HPLC was applied to the f i r s t  RP-HPLC column, two 

peaks of biological act iv i ty were resolved (Fig 2). The early peak elutes at 

44% propanol and is referred to as TCGF-I. The later peak elutes at 45% 

propanol and is referred to as TCGF-II. When each peak was pooled separately 

and re-chromatographed in the identical RP-HPLC system single peaks of 

biological act iv i ty were obtained but the difference in elution time between 

the two species was maintained (unpublished data). SDS-PAGE in the absence of 

2-mercaptoethanol (2-ME) demonstrated the presence of two proteins of apparent 

Mr 16,300 and 14,300 whose staining intensity correlated very well with the 

quantity of biological act iv i ty present in TCGF-I and TCGF-II, respectively 

(Fig 3a). TCGF-II did not contain other protein bands whose staining intensity 

correlated with biological act iv i ty suggesting that the M r 14,300 protein is 

the active species. Since other bands were present together with the M r 

16,300 protein in TCGF-I, this material was subjected to a second RP-HPLC 

purif ication step with a mobile phase of lower TFA concentration. SDS-PAGE in 

the absence of 2-ME revealed a predominant (>90% of the total as judged by the 

intensity of staining) protein of apparent Mr 16,300 and a minor (<10%) protein 

of an apparent Mr 32,000 (unpublished data). SDS-PAGE in the presence of 2-ME 
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A. 

UNITS TCGF * 9 2 3 14 54 21 8 22 3213 6 
F RACTI ON N O. t - 77 7B 79 B0 8182 83 84 85 86 
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Figure 3: SDS-PAGE of TCGF purif ied by RP-HPLC. a) SDS-PAGE in the absence of 
2-ME. The f i r s t  lane is TCGF puri f ied by GF-HPLC. Additional lanes are TCGF 
purif ied by a single RP-HPLC step (from figure 2). b) SDS-PAGE in the presence 
of 2-ME. TCGF-I (fractions 79-81 from a) purif ied by an additional RP-HPLC 
step performed at a lower TFA concentration as described in the text .  Mrs 
are shown x10 -3. * Units TCGF loaded in each lane. + RP-HPLC fraction 
number. 

revealed only a single band with apparent Mr of 16,300 (Fig 3b) ind icat ing that 

the Mr 32,000 band may be a d isu l f i de - l i nked  dimer of the b io log i ca l l y  act ive 

Mr 16,300 protein.  (The stained material at M r 68,000 in f igure 3b is an 

a r t i f a c t ,  probably derived from 2-ME). 

Table I summarizes the pur i f i ca t ion  which was achieved. The to ta l  y i e l d i o f  

TCGF biological  a c t i v i t y  was approximately 50~ with pur i f i ca t ions  of 30,000 to 

80,000 fo ld .  In more recent experiments both TCGF-I and TCGF-II pur i f ied  

through the second RP-HPLC step stimulated [3H]thymidine incorporation by 

TCGF-dependent human T cel l  l ines (9) in a dose-dependent manner and were 

detectable at concentrations of less than 300 fg/ml (18 pM) and i00 fg/ml (6 

pM), respect ively (unpublished data). 

Previous studies suggesting that TCGF may ex is t  in mult ip le molecular forms 

have re l ied  upon bioassay of p a r t i a l l y  pur i f ied  material eluted from SDS-PAGE 
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gels (3,12). The results of such experiments are d i f f i c u l t  to interpret  

quant i ta t ive ly  due to low and inconsistent recovery (<__20% for the SDS-PAGE step 

alone) (12) of biological ac t i v i t y .  I t  is thus not possible to evaluate the 

re la t ive  contributions of the separated ac t i v i t i es  to the total  biological 

ac t i v i t y  of the sample applied to the gel much less to the total  biological 

ac t i v i t y  present in the or ig inal  star t ing material. I t  is also not clear that 

the substance responsible for the majori ty of the or iginal biological ac t i v i t y  

has in fact been recovered and detected at al l  after electrophoresis. In 

addition the differences in mobi l i ty  of the separated ac t i v i t i es  have not been 

confirmed upon re-electrophoresis. In contrast, we have resolved and pur i f ied 

to apparent homogeneity two b io log ica l ly  active species of TCGF. These species 

are rout inely obtained in at least 50% overall y ield from the star t ing 

conditioned medium and show consistent and reproducible differences in mobi l i ty 

upon rechromatography by RP-HPLC. TCGF-I and TCGF-II have apparent MrS of 

16,300 and 14,300 as judged by SDS-PAGE and protein Staining of the pur i f ied 

preparations. These results provide strong evidence that these two molecularly 

d is t inc t  proteins are responsible for the majori ty of TCGF ac t i v i t y  of MLA144 

conditioned medium. Since no assumptions have been made regarding low 

recoveries of biological ac t i v i t y  af ter exposure to denaturing conditions we 

may conclude that TCGF-I and TCGF-II have comparable specif ic ac t i v i t i es .  In 

addit ion, the a b i l i t y  to obtain homogeneous preparations of d i f ferent  molecular 

forms of TCGF in high yield wi l l  permit meaningful study of the structure and 

mechanism of action of this important lymphokine. 

The structural basis for the difference in apparent molecular weight of 

TCGF-I and TCGF-II is unknown. This difference may resul t  from variable 

s ia la t ion,  as suggested for human TCGF (14), or incomplete proteolysis of the 

product of a single gene. A l ternat ive ly ,  TCGF-I and TCGF-II may represent the 

products of d i f ferent  structural  genes. We are current ly investigat ing these 

poss ib i l i t i es .  
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