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OTHER SUPPORT 

Peggy R. Girard - National Institutes of Health FIRST Award, HL-46490, ·shear Stress 
Effects on !Endothelial Cell Focal Contacts," 211/92 - 1/31/96, $350,000 (50% Effort). 

American Heart Association, Georgia Affiliate Award, •cerebral Endothelial Cell Responses to 
Fluid Shear Stress: Possible Role in the Pathogenesis of Intracranial Aneurysms," 7/1/93 -
6/30/95, $30,000 (10% Effort). 

Robert M. N1arem- National Science Foundation Grant IBCS-9111761, •Reconstitution of a 
Blood Vessel In Culture,• 9/1/91 .. 2128/95, $543,740 (1 0% Effort). 

National Institutes of Heaah Grant GM08433, a Training Grant entitled •cellular 
Engineering," 9/26/91 - 6/30/96, $339,208 (5% Effort). 

· Emory/Georgia Tech Biomedical Techno!ogy Research Center Project, -center of Excellence In 
Cellular Imaging; 7/1/92 .. 6/30/94, $100,000 (5% Effort). 

National Institutes of Health Program Project, HL-48667, subcontract from Emory 
University. ..Initiating Events In Vascular Lesion Formation,., Project 2, 9/30/92 -
9/29/97, $300,000 (5°k Effort). 

National Institutes of Health Specialized Center, HL-48482, subcontract from Emory 
University, •comprehensive Suckle Celli Center," Project 2, 4/1/93 - 3/31/98, 
$460,831 (1 Oo/o Effort). 

National Institutes of Health Program Project, HL-26890, subcontract from University of 
Texas Health Science Center at San Antonio, acellular Mechanisms In Atherogenesis," 
7/1/88 - 6/30/94, $500,000 (5o/o Effort). 

Athanassios Sambanls- Whitaker Foundation Grant, •Development and Characterizaftion of 
a Prototype for NMR Studies of Mamma~ian Cens: 4/1/91 - 3/31/94, $179,810 (10% 
Effort). 

National Science Foundation (SUCCEED Program), "Development of Course 'Bioengineering 
Applications In Biology:· 10/93 - 2/95, $41,848 (1 0% Effort). 

National Institutes of Health, ~~cellular Engineering Training Program; 9/91 - 6/96, 
$339,208 (5% Effort). 

Timothy M. Wick- National Institutes of Health Grant, •sickle Erythrocyte Adhesion to 
Activated Endothelium," 7/25/91 q 6/30/96, $300,000 (20% Effort). 

Whitaker Foundation Grant, "Endothelial Cell Activation and Blood Cell Adhesion in 
Atherosclerosis: 7/1/91 - 6/30/94, $150,000 (25% Effort). 

National Institutes of Health Specic:tlized Center, HL-48482, subcontract from Emory 
University, ·comprehensive Sickle Cell Center,• Project 1, 4/1/93 - 3/31/98, 
$375,000 1(20°k Effort). 

National Institutes of Health Specialized Center, HL-48482, subcontract from Emory 
University, ·comprehensive Sickle Cell Center,• Project 2, 4/1/93 - 3/31/98, 
$460,000 (1 0% Effort). 

The Whitaker Foundation, "Endothelial Cell Activation and Blood Cell Adhesion in 
Atherosclerosis," 7/1/91 - 6/30/94, $179,999 (15% Effort). 

National Institutes of Health Grant #1r32GM08433-02, •cellular Engineering Training 
Program," 9/26/91 - 8/31/95, $339,208 (0% Effort). 

National Institutes of Health, "Mechanism of Sickle Erytrocyte/ Endothelial Adherence," 
9/25/92 • 6/30/97, $349,992 (50o/o Effort). 



Cheng Zhu - Whitaker Foundation Grant, •Mechanism of Melanoma Cell-Endothelial Cell 
Adhesion, • 7/1/92 - 6/30/95, $161 ,2088 (2% Effort). 

National Sciencs Foundation Grant, RCS-7210684, •Modeling of Transient Processes In Cell 
Adhesion,• 9/1/92 • 2128/95, $68u796 (17% Effort). 

Emory/Georgia Tech Biomedical Technolo~gy Research Center grant. •Regulation of Cell Adhesion 
In Kaposi's Sarcoma,• 7/1/93 • 6/30/94, $30,000 (0% Effort). 

National Science Foundation Grant No> BCB-9350370, •Presidentia~ Faculty Fellowship: Cell 
Adhesion and Cell Locomotion,• 9/1/93 .. 2/28/99, $460,453 (~7% Effort). 



Progress Report Summary 

Principal Investigator: Robert M. Nerem 

Applicant Organization: Georgia Institute of Technology 

Title of Project: Cellular Engineering Tr·aining !Program 

T32 GM08433 

Period Covered by Report 

July 1, 1992-June 30, 1993 

1. This Cellular Engineering Training Program has the objective of 
educating doctoral students in the application of engineering concepts, 
methods, and practices to problems in which the cell and ce~lular 

phenomena are the central element. The focus is biotechnology 
including both bioprocess engineering andl tissue engineering, the ~atter 
being the development of biological substitutes in order to repair, 
maintain, and/or enhance function. The essence of tissue engineering 
is the use of living cells, together with extracellu~ar matrix as well as 
other components, to make implantable tissues and organs so as to 
restore and/or improve function. 

This training grant was funded at the end of September 1991, and thus 
we are nc)w in our third year. Four students are now appointed as will 
be discussed below in item 2; however, during the period covered by the 
report, only three students were supported by this grant. Their 
research and the publications/presentations resulting from this 
research will be discussed as part of items 3 and 4. We believe that 
the training grant has allowed us to more aggressively recruit women 
and underrepresented minorities into our overall program. Of our three 
appointments during the period covered by this report, two are women, 
with one of these being an underrepresented minority. Currently, with 
four students appointed, three are women, with one a minority. There 
are two new students, Mr. Scott Chesla and Miss Linda Greer, and Mr. 
Piper has gone off the gra1nt effective September of this year. 

Students appointed to the training grant participate in a variety of on­
going activities including the weekly meeting of the Mammalian Cell 
Culture Laboratory. This series includes both the presentation of 
progress reports by students on their research and an every third week 
journal club. As part of the aggressive recruiting of the School of 
Chemical Engineering and the School of Mechanical Enginering, the two 
primary participating academic units in this training program, we have 
20 students participating in the research program in the Mammalian 



Cell Culture Laboratory, i.e. in our celltJiar engineering program. Of 
these, 12 are U.S. citizensp and of these 12, 8 are women with two of 
these being minorities. One o~f the men is also a minority. Of the 8 non­
U.S. citizens, five are from Europe and three are from Asia, with two of 
the eight being women. Thus, 50 percent of the total number of 
students are women and 15 percent are underrepresented minorities. 

As will be discussed under item 5, during the past 12 months external 
research dollars for the cetllular engineering group have increased 
significantly. All five of our core facu~ty have grant support. One of 
these, Dr. Cheng Zhu, was awarded the 1992 V.C. Fung Young Investigator 
Award by the American Society of Mechanical Engineers and has just 
been awarded a Presidentia'l Faculty Fellowship by the White House. 
Another, Dr. Nerem, the director of this training program, is the chair 
of the 1994 Keystone Tissue Engineering Symposium. 

Finally, as will be discussed under item 6, a major award for cell 
biology/cell culture equipment has been made to Georgia Tech by the 
State of Georgia. Further1more, Georgia Tech, in partnership with 
Emory, received one of three awards from a private foundation. This 
also will be discussed under item 6. 

2. The three appointments to this training grant during the period covered 
by this report are listed in Table I. Two of these, Ms. Jill J. Dyken and 
Mr. James W. Piper, were appointed in 1991, and the third student» Ms. 
Marana Gatewood Brown, wa.s appointed July 1. ~ 992. As noted earlier, 
two of these three appointments are women, one of whom is black as 
noted in Table II. Ms. Dyken entered graduate school with a B.S. in 
Chemical Engineering in September 1989 and has already passed her 
Ph.D. qualifiers. Mr. Piper E~ntered graduate school in September 1990 
with a ELS. in Mechanical Eng~neering. They both were initially 
appointed for the period Nlovember 1, 1991 through June 30, 1992 and 
were continued into the second year of the training grant. The third 
student is Ms. Marana Brown who entered our program summer quarter 
1992 with an M.S. degree, followed by one year as an Instructor at 
Morris Brown College teaching chemistry and physics. 

3. Jill Dyken's dissertation project is entitled •Protein Secretion From 
Endocrine Animal Cell Culturles: Effects of Chemica~ Stress and Growth 
Mode." Endocrine cells have the ability to release biologically active 



hormones in a regulated fashion. In order to optimize designs of 
industrial and medical systenns exploiting this property, ot is necessary 
to study how different cu~turing environments, inherent in those 
systems, affect the protein trafficking events leading to secretion of 
bioactive hormones. The goal of this research is to study how protein 
processing and secretion ~1re affected by elevated levels of the 
metabolite ammonium and by culturing cells in different morphologies. 
She previously showed that ammonium had a strong, selective 
inhibitory effect on the regulated pathway of secretion in two 
endocrine cell lines, BTC3 and AtTa.20. In the past year, she has been 
able to clarify this inhibit~on. She discharged cells and then evaluated 
the effect of ammonium on the time course of accumulation of 
processed insulin, measured by HPLC. Using this method, she found that 
the recharging of insulin \IVas almost identical to that of insulin­
related peptides, which were measured with a more quantitative, but 
less insulin-specific, assay. Current research in this area includes 
examining the effect of ammonium on indicators of cellular metabolism 
and developing a comprehensive, jquantitative model that describes the 
effect of ammonium on endocrine cells. In other research, prelim~nary 

experiments had shown that AtT -20 ceHs cultured in aggregates 
(spheroids) showed a similar ability to release protein from the 
regulated pathway as monolayer cultures. While this result has not yet 
been reproduced, experiments perlormed on BTC3 ceUs reproducibly 
showed identical secretion patterns between monolayers and spheroids. 

Ms. Dyken has completed all of her courses as reported last year. It is 
expected that she will graduate with her Ph.D. in 1994 and take a 
position in industry. 

The project on which Mr. James W. Piper has been working is the in 
vitro study of the functional activities of the cell adhesion receptor, E­
selectin. The objective is to elucidate the role of E-selectin on the 
adhesion of tumor ceHs to vascular endothelial cells. The research 
involves a collaboration with Dr. Robert A. Swerlick in the Department 
of Dermatology, Emory University School of Medicine. The ability of lE­
selectin to mediate tumor cell adhesion was quantified using a 
centrifugation technique. The extracellular fragment of recombinant E­
selectin ~tas shown to be functionally active as an adhesion receptor. 
The adhesion function of this molecule was found to be independent of 
temperature and metabolic activities. A protoco~ for using a simplified 



system to examine !binding of cells via the E-Selectin molecule was 
developed. The protocol anchors a LEC-EGF fragment of the E-Selecitin 
molecu~e to the wells of a plastic 96-well plate. These anchored 
fragments possess the binding functionality and specificity of the 
complete E-Selectin molecule. With this system, the site density of E­
Selectin, magnitude of separation force. and duration of separation 
force can be controlled. Binding experiments between tumor cell lines 
(Colo-205 and HL-60) and E-Selectin coated plastic plates were 
completed using a centrifugation technique. Results show the 
qualitative relationship among site density of adhesion molecules. the 
magnitude of the imposed separation force, the duration of the 
separation force and the binding of the tumor cells. 

In addition to what was repo11ed last year. Mr. Piper has now completed 
the following courses: 

CHEM6502 Biochemistry 2 
MATH4347 Partial Differential Equations I 
MATH434 7 Partial Differential Equations II 
PUBPOL6410 Science, Technology, and Public Policy 

Mr. Piper also passed his !Ph.D. qualifiers during the past year. 

Marana Brown's thesis work is aimed at determining the role of sickle 
erythrocyte membrane components on the upregulation of endothelial 
cell adhesion molecule expression leading to increased adhesion of 
sickle erythrocytes to the endothelium. This research will contribute 
to a further understanding of the mechanisms of blood vessel damage 
and blood vessel occlusion associated with sickle cell disease. To date 
she has demonstrated that incubation of cultured endothelial cells with 
sickle (and not normal) red cells upregulates endothelial cell ICAM-1, 
VCAM-1, and ELAM-1 expression. All onitial work has been performed 
using human umbilical vein endothelial cells (HUVEC). Because of their 
availability and relatively low cost. the details of all procedures will 
first be worked out using HUVEC and then extended to human aortic 
(arterial) endothelial cells. To date, the response of HUVEC to washed 
sickle and normal blood samples has been determined. Upon incubation 
with each blood sample, sickle samples induce higher levels of cell 
adhesion molecule expression. The response is both time dependent and 
concentration dependent. Considerable effort has been put into 



determining W. the sickle sample causes a greater response. Since 
clinical intervention is . a long-term1 objective of most work performed 
in this lab, to know which component initiates the endothelial response 
is very important. Currently three blood components are under 
consideration: reticulocytes (young red blood cells which make up ·a 
greater percentage of a sick~e blood! sample), white blood cells (since 
sickle patients are anemic, they tend to have higher white cell counts), 
or sickle erythrocytes in general (due to their modified membrane 
surface). The type of and approach to intervention will be greatly 
influenced by the component causing the endothelial response. She is 
also investigating whether direct endothelia~ contact is necessary for 
the inflammatory response to be initiated. 

Since last year Ms. Brown has comp~eted the following addit~onal 

courses: 

CHEM6501 
CHEM6503 
CHEM65211 
CHEM62111 

Biochemistry I 
Biochemistry ~II 

Structure of Proteins and Nucleic Acids 
Advanced ~norganic Chemistry I 

4. Listed below are the publications/presentations representing the 
research conducted by students appointed to this training grant. 

Dyken, J.J., Papas, K.K., Vachtsevanos, J., and Sambanis, A. Endocrine 
Animal Cell Cultures in Bioprocessing and Tissue Engineering. Cell 
Culture Engineering IU, Palm Coast, FL: February 1992. 

Dyken, J.J. and Sambanis, A. Protein Secretion From Endocrine Animal 
Cells: Effects of Chemical Stress and Culturing Mode. 1992 Graduate 
Student Symposium Poster Session, Georgia ~nstitute of Technology, 
School of Chemical Engineering: May 1992. 

Dyken, J.J. and Sambanis, A. Protein Secretion in Endocrine Animal Cell 
Cultures: Effects of Chemical Stress and Culturing Mode. 1992 AIChE 
National ~~eeting, Miami Beach, FL, November 1992. 



Dyken, J.J. and Sambanis, A. Characterization of Hormone Processing and 
Secretion in Endocrine CeUs Cultured in the Absence and Presence of 
Metabolic Byproducts. 1993 AIChE National Meeting, St. Louis, MO, 
November 1993. 

Dyken, J.J. and Sambanis, A. Ammonium Selective Inhibits the RegUJiated 
Pathway of Protein Secretion in Two Endocrine Cell Lines. Enzyme and 
Microbial Technology, 1993 (in press). 

Brown, M.J., Eckmanp R. and Wick, T.M. Sickle Erthrocytes Promote 
Increased Expression of CeU Adhesion Molecules on Human Umbilical 
Vein Endothelial Cells. 1993 Annual Meeting of the American Institute 
of Chemical Engineers, St. louis, MO, November 1993. 

Wick, lr.M., Brown, M.D., and E1ckman, J.R. Sickle Red Blood Cells Induce 
Expression of Cell Adhesion Molecules on Human Umbilical Vein 
Endothelial Cells. 1993 Annual !Meeting of the American Society of 
Hematology, St. Louis, MO, December 1993. 

Gatewood, M., Eckman, R. and Wick, 1r.M. Sickle Erythrocytes Stimulate 
Upregulation of Endothelial Cell VCAM-1, ELAM-1, and ICAM-1. In 
preparation. 

5. External 1research support for our overall cellular engineering program 
is listed ~n the table provided earlier which is entitled Other Support. 
However, two major awards have been received in which the Georgia 
Tech cellular engineering group is an active participant. One of these 
is the award to Emory University by NHLBI of a Comprehensive Sickle 
Cell Center with Dr. James Eckman, one of our faculty associates, as 
principal investigator and center director. Two of the seven research 
projects which are part of this proposal are Georgia Tech projects, 
with one headed by Dr. Timotlhy Wick and one headed by Dr. Nerem. The 
other award, also by NHLBI to Emory University, is a Vascular Biology 
in Medicine Program Project. This is headed by Dr. Wayne Alexander, 
also a fatculty associate, with Dr. Nerem having a strong involvement 
with one of the four research projects. 

In addition, it should be noted that botlh Jill IDyken and James Piper 
receive supplements to their trainee stipends. For Ms. Dyken this 
includes annually a $4,000 Presidential Feliowship from Georgia Tech, 



a $4,000 Dupont Fellowship, and $3,000 from the Emory/Georgia, Tech 
Biomedica.l Technology Research Center. For Mr. Piper this includes 
annually a $4,000 Presidential Fel~owship and $2,700 from the School 
of Mechanical Engineering. Ms. Brown also receives a supplement of 
$5,000 annually to bring her to1tal stipend up to the standard rate ~or a 
chemical engineering graduate student. 

6. Two recent awards are signif~cantly impacting our cellular engineering 
program at Georgia Tech. One of these is the award of a $500,000 grant 
for scientific equipment from the State of Georgia through a 
biotechnology initiative dleve~oped by the Georgia Research Alliance, 
the consortia of research universities within the state. The new 
equipment: and additional space has signi~icantly enhanced our program. 

The second effort was a Biomedical Engineering Development Award 
from the Whitaker Foundation. These awards are for the enhancement 
of graduate programs, and the Georgia l'ech proposal, which was 
submitted in partnership with Emory, was focused on the expansion of 
our cellular engineering program. In total there were 58 preliminary 
proposals from universilties ail over the U.S., and of these, 14 
institutions, including Georgia Tech, were selected to submit full 
applications. Five of these 14 were selected to be site visited, and of 
these, three received awards. Georgia Tech is one of these, and our 
selection reinforces for us our belief 1in the quality of the cellular 
engineering program we are building and the direction our recruiting 
efforts are taking. Over the next four years we will add six new 
faculty in cellular engineering at Georgia Tech and two new faculty at 
Emory. 



TABLE I-
GRANT NUMBER 

SUMMARY OF TRAINEES SUPPOiftTED DURING 
CURRENT BUDGET PER;IOD T32 GM08433 

Name Marena Brown 

Degrees Held 
at Entry M •• 

Additional Remarks 

Name Jill J. Dyken 

Degrees Held 
at Entry B • S • 
Additional Remarks 

Name James Piper 

Degrees Held 
at Entry B • S • 
Additional Remarks 

Social Security No. 498-80-4556 Pre/Post Pre-Doctoral 

Date of lnit. Date of 
Appointment July 1, 1992 Termination ______ _ 

Total Months 
of Appt. _______ _ 

Social Security No. 316-56-4536 Pre/Post Pre-Doctoral 

Date of lnit. Date of 
Appointment Nov. 1 , 1991 Termination-------

Social Security No. 415-90-7944 

Date of lnit. 
Appointment =...::.....:.--='-"---=-=;...::;....:=--

Date of 
Termination-------

Total Months 
of Appt. --------

Pre/Post Pre-Doctoral 

Total Months 
of Appt. --------

Name _____________________ __ Social Security No. ________ Pre/Post--------

Degrees Held 
at Entry 

Additional Remarks 

Date of lnit. 
Appointment 

Name ___________________ . 

Degrees Held 
at Entry 

Additional Remarks 

Date of lnit. 
Appointment 

Name ____________________ __ 

Date of lnit. 

Date of Total Months 
Termination of Appt. _______ _ 

Social Security No. ___________ Pre/Post ________ _ 

Date of Total Months 
Termination of Appt. ___________ _ 

Social Security No. ________ Pre/Post ________ _ 

Date of Total Months Degrees Held 
at Entry Appointment ------- Termination of Appt. ---------
Additional Remarks 

Name _______________ _ Social Security No. ________ Pre/Post _______ _ 

Degrees Held 
at Entry 
Additional Remarks 

PHS 2590 (Rev. 9191) 

Date of lnit. Date of Total Months 
Appointment ------- Termination of Appt. ________ _ 

(Fom'l Page 6--Continued) Page __ NASA Additional Page 
J 



TABLE II- GRANT NUMBER 

DISTRIBUTION OF TRAINEES SUPPORTED C1URING ii"HE REPORTING 
T32 GM08433 PERIOD ACCORDING TO CATEGORY JSee page 3 for definitions) 

American Indian or Asian or Pacific 
Alaskan Native Islander Black Hispanic White 

1 2 

PHS 2590 {Rev. 9/91) (Fonn Page 6-continued) Page __ 

TOTAL 

3 

NRSA Additional Page 
K 



GRANT NUMBER 

PROGRESS REPORT (Personnel and Study Subjects) T32 GM08433 

AOI Panonnel fer the Currctm Budget P..tod 
•nd Any Pa.nned Changn ftn IPeraonnol tor the Next Budget Period 

Use two sections. In the first section list All Current Personnel. In the second section list Planned Personnel Changes. 

Name Degret.a{s) SSN Role on Project Date of Birth Annual 
(e.g., PI, Res. Assoc.) (MM/00/YY) % Effort 

Robert M. Nerem Ph.D. 334-30-6030 Program Dir .. 7/20/37 15 

Timothy M. Wick Ph.D. 508-94-2891 Ass't Director 7/9/61 15 

Peggy R. Girard Ph.D .. 118-48-1453 Preceptor 4/10/55 5 

Athanassios Sam ban is Ph.D. 474-92-0371 Preceptor 10/9/56 20 

Cheng Zhu Ph.D. 055-70-4753 Preceptor 2/10/57 20 

Provide the number oi subjects enrolled in the study eo dllte according to the following categories. (See Page 8 for definitions.) 

American Indian 
or Alaskan 

Native 

Female NOT APPLIC 
Male 

Unknown 

TOTAL 

PHS 2590 (Rev. 9/91) 

Asian or Pacific Black, not of Hispanic 
Islander Hispanic 011'igin 

ABLE 

(Fmm Page 7) Page __ 

White, not of Other or TOTAL 
Hispanic Origin Unknown 

(Use contmuatton page 1f necessary) 
G 



CHECKUST' 
I GRA~T NUMBER 

T32 GM08433 

Check the appropriate boxes and provide the lnforrrnntlon requested. Make this page the last page of the signed original of the application. 

1. ASSURANCESICERTIFJCATIONS 
The following assurances/certifications are made by checking the &Ppropriate boxes and verified by the signature of the OFFICIAL SIGN· 
lNG FOR APPLICANT ORGANIZAnON on the FACE PAGE of the application. Descriptions of Individual assurances/certifications begin on 
page 9 of Specific Instructions. 

a Human Subjects ((:,omplete Item 1 on the Fa:e Page} 

0 Full IRB Review 0 Expedited Review 

Use of Human Subjects 0 Change fiJ No C::h.mnge Since Previous Submission 
--~-------------------------------------------------------b. Vertebrate Animals (Complete Item B on the Face Page) 

Use of Vertebrate J'nlrnals 0 Change fiJ No Change Since Previous Submission 

c. Inventions and Patents (Complete Item 11 on the f~sce Page} 

d. Debarment and Suspension lXJ No 0 Yes (Attach explanation) 

e. Lobbying 

With Federal appropriated funds [Xk No 

With other than Federal appropriated funds 0 · No 0 Yes 
(If "yes", aee page 13, and attach Standard Form Lll, .. Disclosuna of Lobbying Activities," to the application behind the Checklist.) 

f. Delinquent Federal Debt @ No 0 Yes (Attach explanation) 

g. Misconduct In Science (Form PHS 6315) fXJ Filed 0 Not Filed 

If filed, date of Initial Assurance or latest Annual Report 2/25/93 
h. Civil Rights i. Handicapped Individuals j. Sex Discrimination k. Age Discrimination 

Form HHS 441 Form HHS 641 Form HHS 639-A Form HHS 680 

fi Filed ~ Filed ~ Filed X([] Filed 

0 Not Filed D Not Filed D Not Filed 0 Not Filed 
--·------------~~~------------------~--~---------------------------------2. PROGRAM INCOME (See Instructions, Page 16) 

All applications must indicate (Yes or No) whether program income is anticipated during the period(s) for which grant support is 

requested. iXJ No 0 Yes. If "Yes" use the forrnat below to reflect the amount and source(s) of anticipated program income. 

Budget Period Anticipated Amount Source(s) 

I. INDIRECT COST 
Indicate the applicant organization's most recent indirect cost l'lilte established with the appropriate OHHS Regional Office, or, in the case 
of forprofit organizations, the rate established with the appropriate PHS Agency Cost Advisory Office. Indirect costs will not be paid on 
foreign grants, construction grants, grants to Federal organizations and grmnts to individuals, and usually not on conference grants. Follow 
any additional instructions provided for Research Career Development Awards, Institutional National Research Service Awards, and 
specialized grant applications. 

0 DHHS Agreement Dated: . 0 No Indirect Costs Requested 
Ul No DHHS Agreement, but rates established tArith. Office of Naval Research Date 6/29/93 
CALCUL.AnoN• 
Enter proposed budget period: 

Amount of baseS 42 • 400 x Rate applied • 08 o/o • Indirect costs s ----:3~,L.:3:..::9;..;:2=---------
Add to total direct costs from form pa~ge 2 and enter new total on Face Page, item 10b 

'Check appropriate box(es): 

0 Salary and wage base ~ Modified total direct costs base 0 Other base (Attach explanation) 

0 Off·site, other special rate, or more than one rate Involved (Attach explanation) 

PHS 2590 (Rev. 9191) (Form Page 8) Page __ H 




